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Brief Profile of the awardees

Dr. Siddhesh S. Kamat, Indian Institute of 
Science Education & Research Pune in life 
s c i ence :  He  s tud i e s  t he  b io log i ca l 
mechanisms of lipid signalling pathways in 
the mammalian nervous and immune system. 
He aims to provide new insights and 
therapeutic paradigms for orphan and/or 
emerging human neurological and immuno-
logical diseases.

Dr. Sridharan Devarajan, Indian Institute of 
Science, Bengaluru in life science. His area of 
work is Cognition, Computation and 
Behaviour encompassing 'how does our brain 
enable us to pay attention selectively to some 
things, and to ignore others or what happens in 
the brain when we make important decisions'. 
His research focuses on understanding the 
neural basis of cognitive phenomena such as 
selective attention and decision making.

Dr. Niti  Kumar ,CSIR-Central  Drug 
Research Institute, Lucknow, in life science. 
Her research is focused towards under-
standing protein quality control machinery in 
human malaria parasite for exploration of 
alternative drug targets for malaria interv-
ention. She is also involved in antim-alarial 
screening for identification of scaffolds 
effective against drug-resistant malaria

Dr. Nitin Gupta ,  Indian Institute of 
Technology, Kanpur inlife science. He works 
to understand the remarkable capabilities 
organized by the brain — from seeing to 
singing, from remembering to running. His 
research involves the electrical activity of 
neurons help them interact forming circuits 
which encode innate behavioral preferences.

Dr. Modhu Sudan Maji, Indian Institute of 
Technology Kharagpur,  Kharagpurin 
Chemical Science. His research areas are 
Cobalt-catalyzed C-H bond function-
alizations, sequential catalysis, design, 

Swarnajayanti Fellowships awarded
17 scientists from across India awarded for their innovative research ideas and the potential of creating impact 
on R&D in different disciplines

synthesis and application of tunable nano 
grapheme and total synthesis of alkaloids.

Dr. Sakya Singha Sen,CSIR - National 
Chemical Laboratory, Punein Chemical 
Science. He and his team is exploring main 
group compounds in homogeneous catalysis 
as surrogates for precious metals for 
developing greener, safer, and more cost-
effective chemical processes.

Dr. Chandramouli Subramaniam is from 
Indian Institute of Technology Bombay in 
Chemical Science. He works on under-
standing of the structure-property relations of 
nano-form of carbon allotropes - Carbon 
nanotubes (CNTs), graphene and related 
doped nanocarbons such as nitrogen and 
boron-doped CNTs and grapheme. He uses 
nanocarbon based functional composites for 
developing sensors and actuators, especially 
related to biological systems.

Dr. Atul Abhay Dixit, Indian Institute of 
Technology Gandhinagar,in Mathematical 
Science. His research is at the interface of 
analytic number theory and special functions. 
His work in number theory has led him to 
discover new interesting special functions 
such as generalised modified Bessel and 
Hurwitz zeta functions.

Dr. Mousomi Bhakta, Indian Institute of 
Science Education and Research Pune in 
Mathematical Science. She studies the 
existence, multiplicity of positive and sign-
changing solutions to local and nonlocal 
elliptic equations applying tools from 
nonlinear analysis and to study various 
qualitative properties of solutions e.g. radial 
symmetry, regularity, apriori estimate, etc.

Dr. Ujjwal Koley, TIFR in Mathematical 
Science. His areas of work are Hyperbolic 
PDEs, Conservation Laws, Numerical 
Analysis ,  Dispersive Equations and 
Stochastic Balance Laws. The main aim of his 

research has been to design mathematical tools 
and robust numerical algorithms and to apply 
them to interesting problems that arise in the 
physical sciences.

Dr. Arvind Singh, Physical Research 
Labora to ry,  Ahmedabad  in  Ear th  & 
Atmospheric Science. His area of work is 
marine nitrogen cycle, ocean biogeo-
chemistry, marine C:N:P stoichiometry, 
anthropogenic impacts on marine nitrogen 
cycling, climate change and isotopic 
fractionation processes. His expertise lies in 
using the stable isotopes of carbon (13C) and 
nitrogen (15N) to understand the oceanic 
processes with a strong focus on biological 
nitrogen fixation and primary production.

Dr. Subhro Bhattacharjee, International 
Centre for Theoretical Sciences- TIFR, 
Bengaluru in Physical Science. He works on 
quantum many-body physics and focuses on 
magnetism (Frustrated magnets, quantum spin 
liquids),topological phases of condensed 
matter and physics of transition metal oxides 
(Interplay of spin-orbit coupling and electron 
correlations),strongly correlated metals and 
Many-body Chaos.

Dr. Pabitra Kumar Nayak, Tata Institute of 
Fundamental Research, Hyderabad in 
Physical Science. His area of work is soft 
semiconductor materials development, 
photovoltaics, optoelectronic devices, defect 
management and electronic doping of soft 
semiconductor.

Dr. Shamik Banerjee is from Institute of 
Physics, Bhubaneswar in Physical Science.

Dr. Rishi Raj is from Indian Institute of 
Technology Patna in Engineering Science. His 
major fields of interest are energy, boiling, 
condensation, micro-/nano-Scale Thermal and 
fluidic transport, colloids and interface 
science, microgravity science.

Dr. Mayank Shrivastava, Indian Institute of 

Seventeen scientists from scientific institutions across India have been awarded the Swarnajayanti Fellowships for their innovative research ideas and 
the potential of creating impact on R&D in different disciplines.

Scientists selected for the award will be allowed to pursue unfettered research with a freedom and flexibility in terms of expenditure as approved in the 
research plan. The scientists with proven track record and selected through a rigorous three-layered screening process will pursue basic research in 
frontier areas of science and technology.

The Swanajayanti Fellowship scheme was instituted by Govt. of India to commemorate India's fiftieth year of Independence. Under the scheme the 
awardees are facilitated by the Department of Science & Technology, GOI with support for all the requirements for performing the research including a 
fellowship of Rs. 25,000/- per month for five years. In addition, DST supports the awardees by giving them a research grant of 5 lakh Rupees for 5 
years. The fellowship is provided in addition to the salary they draw from their parent Institution. In addition to fellowship, grants for equipment, 
computational facilities, consumables, contingencies, national and international travel and other special requirements, are covered based on merit.
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Union Minister of State Science & Techn-
ology; Dr Jitendra Singh launched the first-
ever Mentorship Programme for Young 
Innovators to mark the 75th Year of India's 
independence.

Dr Jitendra Singh said that under Prime 
Minister Narendra Modi, the Government is 
taking a number of steps to promote scientific 
temper among the masses, particularly 
youngsters, by strengthening scientific 

First-ever Mentorship Programme for Young Innovators 

research and innovation efforts in the country. 
He said, this is a pan India Scheme that 
envisages Star College in every district of the 
country supported by the Department of 
Biotechnology.

Dr Jitendra Singh said that the DBT-Star 
College Mentorship Programme will help 
towards the concept of networking, hand 
holding and outreach. The plan envisages 
organizing workshops, meetings per month; 
handhold at colleges particularly in the rural 
areas or lesser endowed areas and conduct 
outreach activities with government schools. 
He said, the activities will enable newer 
colleges which have begun their journey under 
the scheme to come up as per the mandate of 
Star college scheme. The Star Status Colleges 
will help in incorporating the vision of DBT 
towards strengthening of UG Science Courses 
throughout the country by mentoring the 
newer colleges through handholding and peer 
learning and bringing them under the aegis of 
Star College Scheme, the Minister added.

Addressing the Students, Teachers and 
Principals at the launch event, Dr.Jitendra 
Singh informed that  the Mentorship 
Programme by Star Status Colleges under Star 
College Scheme is in line with the Prime 
Minister's Independence Day address wherein 
he emphasized that the roadmap for the next 
25 years will be determined by the scientific 
and technological innovations and scientific 
prowess in all walks of life and called upon 
young scientists to walk the talk. He added that 
this will be possible only through a very well-
articulated Vision, Mission and Goals, driven 
through a set of well-defined strategies and a 

clearly laid out implementation Action plan.

Dr Jitendra Singh informed that a total of 278 
undergraduate colleges across the country are 
currently being supported under the DBT Star 
College Scheme. He said, the categorization of 
the scheme into urban and rural categories 
during 2018-19 has ensured a level playing 
field for applicants hailing from rural and 
urban areas of the country. He noted with 
satisfaction that presently 55 colleges from 
rural areas and 15 colleges in Aspirational 
districts are being supported under the scheme 
in a short time period of two years. 

Dr Jitendra Singh said that more than 1.5 lakh 
students were supported in the last five years 
and also a comprehensive support was 
provided to colleges participating in the Star 
College Scheme. He said, this support is not 
limited to procurement of equipment, but the 
scheme also supports training of faculty and 
laboratory staff, lectures by eminent scientists, 
visits to research institutes and industry etc. 
This type of holistic support is expected to 
create enabling environment for students to 
get motivated and pursue science education, 
the Minister added. 

The Minister asserted that there is a need for 
focus ing  on  inc reas ing  numbers  o f 
beneficiaries in human resource related 
schemes like Star College Scheme, Skill 
Vigyan Programme(Skill Development 
Programme) in Biotechnology, Biotech 
Industrial Training Programme and doctoral & 
post-doctoral and Re-entry Schemes & 
Fellowships, and other similar schemes. 

Science, Bengaluruin Engineering Science. 
He works on science and technology of 
electron devices focusing on power semi-
conductor devices as well as nanoscale / 
beyond Si CMOS for SoC applications. He 
also works on a multitude of science threads 
like physics of semiconductor device 
reliability, electro-thermal/electron – phonon 
interaction in beyond Si materials/devices, 
thermometry and thermal/phonon transport in 
these materials/devices.

Dr. Amartya Mukhopadhyay, Indian 
Institute of Technology, Bombay in Engin-
eering Science. He works on materials for 
electrochemical energy storage and advanced 
structural ceramics/composites like electrode 
materials and electrode/electrolyte interfaces 
for Li/Na/K-ion batteries, solid electrolytes 
Li-ion and Na-ion batteries, electrochemical 
energy storage devices, development of bulk 
polycrystalline 'ceramic alloys', carbon 
nanotube reinforced ceramic composites and 
ultra-high temperature ceramics/composites.

Swarnajayanti .......
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A 15-year-old girl from Tamil Nadu, who was 
recognized Earth Day Network Rising Star 
2021 (USA) for her idea of 'Solar Ironing 
Cart', has exhorted the world to move towards 
clean energy during the recently concluded 
COP 26.

Miss Vinisha Umashankar, a class 10 student 
from Tiruvannamalai district of Tamil Nadu 
who received the Dr APJ Abdul Kalam 
IGNITE Awards instituted by National 
Innovation Foundation (NIF) – India, an 
autonomous body of the Department of 
Science and Technology, Government of India 
for her mobile ironing cart, which uses solar 
panels to power a steam iron box is now an 
inspiration for the world for her speech at the 

th26  Conference of the Parties to the UN 
Framework Convention on Climate Change 

st th(31  Oct – 12  Nov) at Glasgow, Scotland.

“I am not here to speak about the future, I am 
the future,” she said encouraging the world to 
move towards renewable energy and 
accelerating the journey which started with 

Miss Vinisha Umashankar is an inspiration for the world
Teenage girl exhorts the world to move towards clean energy during COP26

the innovation in 2019.

The prototype of Vinisha's mobile ironing cart 
which uses solar panels to power a steam iron 
box has been developed by National 
Innovation Foundation (NIF) – India in the 
year 2019.

A key benefit of the solar ironing cart is that it 
eliminates the need for coal for ironing 
bringing about a welcome shift towards clean 
energy. End users can move around and offer 
services at doorstep for increasing their daily 
earning. The ironing cart can also be fitted 

with a coin-operated GSM PCO, USB 
charging points and mobile recharging which 
can fetch extra income. It is an ingenious solar-
powered alternative for the millions of 
charcoal burning ironing carts for pressing 
clothes and can benefit the workers and their 
families. The device can also be powered by 
pre-charged batteries, electricity or diesel-
powered generator in the absence of sunlight.

Vinisha's efforts have made India stand out as a 
country which brings innovative solutions for 
the climate change problem.  Prominent world 
leaders like the Hon'ble Prime Minister of 
India Shri Narendra Modi; Prime Minister of 
Britain Mr. Boris Johnson; President of USA 
Mr. Joe Biden; Prince William, founder of The 
Earthshot Prize; Mr. John Kerry, the Special 
Presidential Envoy for Climate (SPEC) from 
USA; The Duke and Duchess of Cambridge 
and Noted philanthropist Mr. Michael 
Bloomberg amongst others were audience to 
her speech which is attracting a global 
appreciation.

Atreyee Kundu, a Department of Science & 
Technology (DST) INSPIRE Faculty fellow, 
has designed scheduling and control 
algorithms for networked control systems 
whose shared communication networks have a 
limited communication capacity and are prone 
to data losses.

The paper written in collaboration with Prof. 
Daniel Quevedo of Queensland University of 
Technology, Australia, and accepted for 
publication in the journal IEEE Transactions 
on Control of Network Systems studies 
systems in which multiple devices are 
accessing a wireless network of limited 
capacity and prone to loss of information and 
gives algorithms for the sequence in which the 
devices can be given access to the network and 
control inputs that can be applied so that all the 
devices maintain desired properties to ensure 
efficiency of the networked system.

Dr. Kundu works on developing new sets of 
decision and control algorithms to help society 
take maximum benefits of technology for 
fixing various wide-ranged problems in 
various sectors such as health, education, 
drone flying, and so on. She works on the 
design of decision and control algorithms for 
networked control systems. She employs 

hybrid dynamical systems framework and 
discrete mathematics as the primary tools for 
system analysis and algorithm synthesis. 
Numerically tractable algorithms that she has 
proposed are particularly useful in setups like 
smart homes, smart cities, group of robots 
carrying out a specific task, platoons of 
autonomous vehicles, and so on.

“In modern-day engineering systems, the 
process and its control algorithm are often 
required to be geographically apart. For 
example, a remote surgery, where the doctor 
and the patient are at two different locations, a 
flying drone is being controlled by a ground 
PC, platoons of autonomous cars plying on the 

road, etc. The process and the control 
algorithm talk to each other over a shared 
wireless communication network, and we call 
such systems as Networked Control Systems. 
The real-time feedback control loops present 
in networked control systems are different 
from traditional feedback control systems due 
to communication limitations and uncer-
tainties. Naturally, new sets of decision and 
control algorithms are a key requirement in 
modern engineering which is what I design as 
a DST INSPIRE faculty fellow,” said Dr. 
Kundu.       

Her work is fundamental to a wide class of 
modern engineering systems and benefits 
every section of society through a range of 
areas like healthcare disaster management 
governance, administration, and so on.

Dr. Kundu has developed stabilization 
algorithms, scheduling algorithms, and 
control algorithms for networked control 
systems that are subject to communication 
limitations and uncertainties. Her work in the 
areas of networked control and cyber-physical 
systems can help making modern engineering 
facilities like telesurgery, autonomous 
vehicles, etc., more accessible to everyone in 
the long run.

Dr. Atreyee Kundu develops algorithms for networked systems
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Several government schemes are 
instilling confidence among children to 
think innovatively, look at out of the box 
S&T solutions for numerous problems 
and also to break barriers and initiate their 
adventures in science.

“Innovation is the key to realizing the 
dream of new India,” Prime Minister Shri 
Narendra Modi said at a recent con-
ference and school children from remote 
areas are taking advantage of numerous 
schemes of the government to bring 
about innovative solutions to day-to-day 
problems.

Navshri Thakur, a student from Hoshang-
abad, Madhya Pradesh devel-oped a 
multi-useful kitchen machine which she 
submitted at the INSPIRE MANAK 
A W A R D S ,  a  p r o g r a m m e  o f  t h e 
Department of Science and Technology 
(DST) and bagged the first prize for it. In 
the same competition, a stretcher 
embedded with shock absorbers by 
Owais Ahmed from Karnataka bagged the 
second prize.

The MANAK (Million Minds Augmenting 
National Aspirations and Knowledge) 
awards programme under the Innovation 
in Science Pursuit for Inspired Research' 
(INSPIRE) scheme, a flagship progr-
amme of DST targets to generate one 
million original ideas/innovations rooted 
in science and societal applications to 
foster a culture of creativity and innovative 

Government schemes inspire children to dream of future with S&T
thinking among school children specially 
between Class 6 to 10. It calls on schools 
to participate in it every year. The awards 
are being executed by DST with National 
Innovation Foundation – India (NIF), an 
autonomous body of DST. In the year 
2020-2021 it brought 6.53 lakh ideas from 
more than 2 lakh middle and high schools 
across the country. The best of them are 
shortlisted for showcasing at district, state 
and then at the National Level Exhibition & 
Project Competition.

Rashmi Kumari hailing from a rural 
background from Uttar Pradesh who 
earlier lacked the confidence and decision 
about her future, is keen to pursue a 
career in STEM—thanks to Vigyan-
Jyotiprogramme of DST.

The programme is encouraging around 
10000 young girls of Class IX-XII in 100 
districts of the country to pursue higher 
education in underrepresented areas of 
STEM, in higher educational institutions 
of excellence. It provides a scholarship, 
visit to nearby scientific institutions, 
science camps, lecturers from eminent 
women scientists, and career counselling.

Other programmes to inspire science 
learning in children are Kishore Vaigyanik 
ProtsahanYojana (KVPY), Science 
Olympiad Programme, and the India 
Innovation Growth Programme (IIGP).

TheKishore VaigyanikProtsahanYojana 

(KVPY), mentorship and scholarship 
support is provided to pursue study in 
Basic Sciences.  This programme 
administered and implemented by the 
Indian Institute of Science (IISc) Bang-
alore, identifies students with talent and 
aptitude for research, helps them realize 
their potential to attract exceptionally 
motivated students to study science and 
pursue careers in research.

National Science Olympiad Programme 
aims at promoting excellence in Science 
and Mathematics among pre-university 
students. Homi Bhaba Centre for Science 
Education (HBCSE), Mumbai is the nodal 
organization for selection and training of 
s tudents  is  done through Ind ian 
Association of Physics Teachers (IAPT) 
for participation of students at various 
International Olympiads meet.

The India Innovation Growth Programme 
(IIGP)is a tripartite initiative of DST, 
Lockheed Martin and Tata Trusts and aims 
at selecting innovations to create large 
scale social impact and bring industrial 
transformation in India. It aims to support 
Government of India's 'Start-up India' and 
'Make in India' initiatives. Grants to 
winners seek to enable their prototyping 
the proposed technology solutions and 
begin the process of evaluating and 
applying these technologies and solutions 
for social, commercial and industrial 
benefit.

Annual General Body Meeting of Society of the NII
The Annual General Body Meeting of 
Society of the National Institute of 
Immunology (NII) was held on 14.11.21 
and Dr.Jitendra Singh, Union Minister for 
Science & Technology presided over the 
meeting.

Dr. Pushkar Sharma, Director in- charge, 
NII presented the work done by the 
institution in understanding fundamental 
processes that regulate inflammation, 
pathogenesis, ageing and immune 
response.  He mentioned that the focus 
has been on various areas of research 
including infect ion and immunity, 
molecular design, gene regulation and 
reproduction and development, where 
cutting edge research in modern biology 
is being carried out employing multiple 
overlapping disciplines of modern 
biology.

He mentioned that significant efforts have 

been made towards transitional research 
specifically for SARS-CoV-2 vaccine. He 
further mentioned that the inactivated 
virus vaccine BBV152/Covaxin elicits 
robust cellular immune memory to SARS-
CoV-2 and variants of concern- Delta, 
Alpha, Beta and Gamma, which persist at 
least up to 6 months. NII has also 
prov ided serv ices for  C O V I D-19 
research. Under this program, 65 MLTs 
/Lab Technicians were trained in various 
aspects of COVID-19 training. There 
have been more than 30,000 samples 
screened so far and the positive samples 
have been sent for genome sequencing.  
Hon'ble Minister appreciated the 
research work carried out by the institute 
during the last 40 years.

Dr. Sharma further elaborated that NII 
has also developed a collagen based 
herbal formulation for osteoarthritis (OA). 

The formulation (SG002) contains a 
bioactive collagen peptide and alcoholic 
extract of two exotic Himalayan plants. He 
further added that the institute is also part 
of Indo-European Consortium for Next 
Generation Influenza Vaccination. The 
institution is part of the group working on 
COBRA (Computationally Optimized 
Broadly Reactive Antigen) vaccine. It will 
be developed by analyzing the sequence 
of influenza strains over a decade 
covering seasonal and pandemic strains. 
Based on the research from the last two 
decades it is suggested that COBRA 
vaccine is expected provide protection 
against seasonal flu, all the pandemic 
strains of flu and any emerging flu strains. 
State of art NHP-ABSL3 facility is being 
built within NII campus for the study, which 
will also be shared by other researchers in 
the country.
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Indian Butterfly Monitoring Scheme 
launched

 group of leading scientists, naturalists, nature educators and Aconservationists has announced the launch of the Indian 
Butterfly Monitoring Scheme (iBMS). The scientific goal of 

iBMS is to understand the long-term trends in butterfly population 
dynamics in the face of changing climate, habitats, and land-use 
practices. iBMS will therefore train and lead a network of students, 
citizen groups and scientists across the country to monitor butterflies in 
their neighbourhoods as well as protected areas further afield. In the 
process, the network will also build a community of butterfly lovers and 
naturalists in the service of nature education, citizen science and 
conservation. The large amount of data generated through iBMS will be 
analysed, and the annual reports, data summaries and scientific papers 
published will be submitted to policy-making and policy-implementing 
agencies such as state forest departments and the Ministry of 
Environment, Forest and Climate Change (MoEFCC). This will ensure 
that the findings are translated into conservation action.

The iBMS is inspired by the UK Butterfly Monitoring Scheme 
(UKBMS; https://ukbms.org) that was launched in 1976 and has been 
running uninterrupted ever since. The success of the UKBMS 
subsequently galvanised the creation of similar Butterfly Monitoring 
Schemes across several European countries, under the European 
But terf ly  Monitor ing Scheme (eB M S; ht tps: / /but terf ly-
monitoring.net). The North American Butterfly Monitoring Network 
(https://www.thebutterflynetwork.org) similarly monitors butterfly 

populations on that continent. Data gathered through all these 
monitoring schemes have revealed how butterfly populations and their 
long-term persistence and viability are impacted by seasonal, yearly and 
long-term climatic variations, changing land-use, agricultural practices 
( i nc lud ing  c rop  sys t ems  and  use  o f  va r ious  chemica l 
fertilisers/pesticides), pollution, and land conversions, as well as by 
conservation management practices and habitat restorations. They have 
also revealed long-term population declines in many specialised 
butterfly species (i.e., species that depend on specific habitats, plant 
species, and land-use practices) while also showing increasing 
abundance of widespread species that thrive in human-dominated 
landscapes. The scientific value of the data generated through these 
monitoring schemes has helped restore and conserve populations of 
many endangered butterfly species. These projects have also tracked 
population trends and suggested conservation actions that are necessary 
to protect other uncommon or otherwise vulnerable butterfly species 
and populations.

In India, the first well-known butterfly monitoring project studied 
population dynamics of butterflies across four habitats near the city of 
P u n e ,  M a h a r a s h t r a ,  i n  e a r l y  1 9 9 0 s  ( h t t p s : / / 
doi.org/10.1007/BF02703397). This project, which was done by an 
undergraduate student under little expert supervision, revealed how the 
Indian monsoon, fire, and grazing affect the breeding cycles and flight 
periods of butterflies in that area. A similar study from Nagpur 

Image credit: Nagraj V



 FEATURE

11 The Scitech Journal Volume 08 Issue 12 December 2021

Indian Butterfly Monitoring Scheme Launched

characterised population trends of a small butterfly (the Plains Cupid 
(Chilades pandava)), whose wing patterns and populations fluctuate 
s i g n i f i c a n t l y  i n  r e s p o n s e  t o  c l i m a t i c  p a r a m e t e r s 
(https://www.jstor.org/stable/24107260). The study revealed climatic 
thresholds that influence the population dynamics and changes in wing 
colouration of this species.

More recently, Deepak Naik, a PhD student from Mangalore University, 
monitored butterflies in the nearby coastal landscapes with multiple 
land uses to study habitat use and seasonal population dynamics 
( , accepted). The study identified habitats Journal of Insect Conservation
that supported butterfly species with high conservation values, 
proposing an indicator species approach to conservation. Finally, 
Suman Attiwilli, Nitin R. and Krushnamegh Kunte recently compared 
two common methods of surveying and monitoring butterflies across 
three habitats (https://doi.org/10.1101/2021.09.04.458959). The two 
methods were time-constrained counts and belt or line transects 
(including the Pollard Walks used for butterfly monitoring in the UK 
and Europe). The study showed that time-constrained counts are as 
efficient as belt transects in sampling butterflies, but capture a greater 
amount of species diversity in complex heterogeneous habitats such as 
evergreen forests and in hilly terrains that are commonly encountered in 
the biodiversity hotspots of India. Previous Indian studies that used the 
time-constrained method sampled butterflies in 30-min segments. 
These '30-min counts' have been standardised and used for butterfly 
surveys all over India since 2008. The information gathered through 
these surveys has resulted in numerous monographs on butterfly faunas 
of biodiverse areas, such as the Garo Hills of Meghalaya in NE India 
(https://doi.org/10.11609/JoTT.o2945.2933-92), and Kameng 
Protected Area Complex in Arunachal Pradesh comprising Pakke Tiger 
Reserve, Eaglenest WLS and Sessa Orchid Sanctuary in the eastern 
Himalaya (https:// doi.org/10.11609/jott.2984.8.8.9053-9124). 
Findings from these surveys have now been incorporated into 
management plans of several protected areas, thus translating into 
conservation policy. The 30-min counts have also been used to monitor 
butterflies in Bengaluru for the past nearly 10 years—the longest 
running butterfly monitoring project in India so far.

These Indian efforts have now coalesced into the creation of the iBMS. 
The experiences from Pune, Nagpur, Bengaluru and Mangalore (or 
Mangaluru), not to mention those from the UK, Europe and North 
America, have shown that undergraduate and PhD students, non-

professional naturalists and other nature enthusiasts can collaborate 
with experienced scientists in generating high-quality data as well as 
scientifically sound research papers and report summaries. This can 
boost scientific growth and assist in the conservation of butterfly 
populations in at-risk habitats, helping state forest departments and 
other policy-making and policy-implementing agencies by providing 
valuable long-term data. These collaborations will also fulfil several 
biodiversity conservation and climate change mitigation measures, 
protocols and international treaties to which India has made 
commitments through The Biological Diversity Act, the Convention on 
Biological Diversity, and the Paris Agreement.

Krushnamegh Kunte and Ashish Tiple, who conducted the monitoring 
studies in Pune and Nagpur, respectively, went on to complete their PhD 
theses on the biology of butterflies, and subsequently took up academic 
faculty positions to train other students. Dr. Kunte is now a renowned 
butterfly biologist, an Associate Professor at the National Centre for 
Biological Sciences (NCBS), Tata Institute of Fundamental Research 
(TIFR), Bengaluru, and serves as the National Coordinator of iBMS. 
Deepak Naik, Suman Attiwilli, and Nitin R. have either finished their 
PhDs or are charting their own early research careers. Thus, a serious 
hobby and a commitment to the scientific inquiry opened up promising 
career opportunities for all these people. On the other hand, butterfly 
enthusiasts such as Rohit Girotra, a corporate leader, feels that 
monitoring butterflies in Bengaluru has helped him reconnect with 
nature, and find relaxation from his high-powered job. Whatever the 
reason, a weekend or a morning walk in the neighbourhood green patch 
monitoring butterflies helps people to reduce stress as well as assist 
butterflies and other insects to survive and even thrive in our fragmented 
landscapes. For these reasons, Dr. Kunte hopes that hundreds, if not 
thousands, of students and citizen scientists will soon register for and 
participate in the monitoring of butterfly populations across India. 
iBMS will release national-level annual assessments of butterfly 
populations and their long-term trajectories to its contributors, 
government agencies, and the citizenry at large. This network will also 
connect with international experts and UK and European monitoring 
schemes to help chart butterfly conservation strategies at a global scale.

To serve people with diverse goals and motivations, iBMS will 
implement a three-tier copyright system. Contributors can opt for either 
creative commons copyright (CC-BY), embargoed contributions (3-yr 
or 5-yr embargoes, depending on the timeline in which contributors 
would like to publish their results, after which the data will move to CC-
BY license), and individually copyrighted data (©). Detailed data 
sharing and copyright policies will be made available on the iBMS 
website.

iBMS will soon make available resources such as a field identification 
guide, a mobile app for data entry as well as identification, data 
templates, a manual, and video demonstrations on methods of butterfly 
monitoring in India. For data collection, the network will continue the 
well-tested 30-min count method, which works very well for diverse 
butterfly habitats from urban gardens to peripheral woodlands or 
grasslands, and dense forests as well as mountains, and which has been 
s u c c e s s f u l l y  u s e d  i n  I n d i a  f o r  t h e  p a s t  1 3  y e a r s 
(https://doi.org/10.1101/2021.09.04.458959, Naik et al., accepted, and 
https://youtu.be/99RikkgYuf8). Next year, when the majority of Indians 
are vaccinated against COVID-19, iBMS will also conduct in-person 
training sessions and data curation drives in numerous cities and towns.

(source: NCBS Bengluru)
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Journey of an innovator to an innovation 
influencer

rassroots innovator turned social worker and noted 

Genvironmentalist Shri Sundaram Verma who grew over 50,000 
trees in the arid Shekawati region of Rajasthan using a water 

saving technique 'dryland agroforestry' that requires only 1 litre of water 
per tree once, then it leaves the seedling to grow has been conferred with 
Padma Shri, the fourth-highest civilian award of the country this week 
by the Hon'ble President of India Shri Ram Nath Kovind. The honoured 
innovator today stands out not only for his innovation, but also for 
spotting other innovators and inspiring their journey to success.

Shri Sundaram Verma, a native of Danta (Ramgarh), a village in the 
Sikar district of Rajasthan, was supported by National Innovation 
Foundation (NIF) – India, an autonomous body of the Department of 
Science and Technology (DST), Government of India for his Green 
Grassroots Plantation Techniques for Combating Desertification and 
undertaking research on arid zone crops. It had been extensively 
deployed for planting trees under the “greening the desert” initiative. 
The technique utilizes only one litre of water throughout the lifetime of 
plant and provides a best-suited solution for conserving water in the 
arid, semi-arid regions as well as avenues of agroforestry leading to land 
management, revenue generation and sustainable livelihood.

He is a farmer – breeder with a strong innovation quotient that defines 
his work. His improved plant variety - Cicer arietinum L. commonly 
known as 'Kabuli chana - SR-1' is distinct by virtue of having medium 
bold seeds (higher test weight) and superior in terms of yield and pest 
resistance; and it was successfully registered with Protection of Plant 
Varieties & Farmers' Rights Authority (PPV&FRA).  

In addition, there are other improved plant varieties to his credit like the 

high yielding 'Guar (cluster bean)- SR-23' which is suitable for both arid 
and semi-arid conditions and can also be grown in various types of soil 
but the most suitable soil is sandy/sandy loam. Besides, the 'Moth bean 
(SR-1)' is a short duration (60-65 days) variety, superior to the other 
commercially released varieties in terms of yield & resistance against 
major pests and diseases. He has been cultivating and conserving local 
landraces/cultivars of various crops since many years.

Though he was offered an employment opportunity soon after his 
graduation, he refused it and continued with his passion and area of 
interest- agriculture based on-farm research for crop improvement and 
conservation of agrobiodiversity in arid zone crops.

He is one of the earliest collaborators to NIF since inception, currently is 
its General Body member and has spotted other innovators like him. 
Shri Jagdish Parikh, another grassroots innovator who was conferred 
with Padma Shri in the year 2019 for his contribution to developing pest 
and climate resistant cauliflower variety was scouted by Shri Sundaram 
Verma on behalf of NIF nearly two decades ago. Additionally, 
innovators like Smt Santosh Pachar (Carrot variety), Shri Madanlal 
Kumawat (Multi Crop Thresher), Shri Subhash Ola (Condensate and 
Heat Recovery System), Shri Yusuf Khan (Groundnut Digger), Shri Rai 
Singh Dahiya (Bio-Mass Gasifier System) were scouted by Shri 
Sundaram Verma on behalf of NIF. They were later conferred with 
Biennial National Grassroots Innovation and Outstanding Traditional 
Knowledge award. Few innovators spotted by him were invited to be the 
part of Innovation Scholar In-residence programe at the Rashtrapati 
Bhavan.

(Source: PIB)
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s part of COP26, 'We Want' project asked people in six regions Ato imagine a globally net zero, climate-resilient future. Here's 
what they came up with.

To create a globally net zero, climate-resilient world by 2050, there are 
two things we need to know: what solutions are feasible, and what is 
desirable. The  project brings these things COP26 Futures We Want
together.

Six groups of academic experts collated existing research and evidence 
on relevant risks, mitigation, adaptation and resilience solutions within 
the context of their region. Then, based on this evidence, six groups of 
citizens came together to share their hopes and ideas for the future. This 
gives us something new: visions of a globally net zero, climate-resilient 
world that people actually want to live in.

The COP26 Futures We Want project released its findings just before 
the start of the international climate summit in Glasgow. The project 
was commissioned by UK Government in their role as COP26 
President and has been coordinated by , the University Cambridge Zero
of Cambridge's climate initiative.

This collaboration involved communities from the UK, Jamaica, 
Brazil, Kenya, United Arab Emirates, Saudi Arabia, and India, and 
explored diverse views and solutions to address the real impacts of 
climate change, such as electricity generation, agriculture, waste and 
water management, building design, reforestation and ocean 
conservation.

“Work which addresses the global emergency of climate change at the 
regional level, and brings together academic and community 
perspectives, is a crucial part of building a climate-resilient world,” said 
Emily Marchant, Cambridge Open Engage Programme Manager, 
Cambridge University Press.

Dr Emily Shuckburgh, director of Cambridge Zero, and chair of the 
project's International Expert Committee said: “COP26 can be the start 
of building a new, positive future if there is sufficient ambition. Partners 
and collaborators from around the world helped us to put citizens and 
evidence at the heart of informing policy.

“Together, we visualised a set of possible desirable futures by identifying 
many of the challenges and solutions that must be addressed to achieve a 
global zero-carbon future that is just and beneficial for all.”

The final visions can be found on  www.FuturesWeWant.world.
Following on from the Visions, Cambridge Zero collaborated with the 
project's International Expert Committee, the Met Office and academics 
in each region to compile the scientific evidence underlying the visions 
of each region into detailed papers, which are now freely available on 
Cambridge Open Engage via the links below. These peer-reviewed 
technical reports highlight many of the challenges and threats posed by 
the climate crisis, but also the wider benefits of ambitious climate action:

Arabian Peninsula (United Arab Emirates & Saudi Arabia):

Climate change will exacerbate already extreme weather conditions and 
could make parts of the region uninhabitable by late-century, and 
adaptation will be essential.

As a largely hot arid desert region, water scarcity is a critical issue and 
habitability is highly energy intensive, due to demands for cooling and 
water desalination/ irrigation, and heavy dependence on imports. 
Significant innovation across all sectors of the economy, including 
energy and water, the built-environment, food and agriculture, and 
transportation are required to tackle the high carbon footprint.

International group of citizens and scientists creates 

Feasible visions of a resilient, net zero future

continued on page 15

Mangroves from the nursery at the University of the West Indies at Port Royal are being planted at the bay opposite Kingston. Credit: United 
Nations Environment Programme



FOCUS FEATURES

14 The Scitech Journal Volume 08 Issue 12 December 2021

What's going on in Glasgow?

Averill: This is COP26, which means it's the 26th meeting of the 
Conference of the Parties to the United Nations Framework Convention 
on Climate Change. But it's also the 16th meeting of the Conference of 
the Parties serving as the meeting of the Parties to the Kyoto Protocol 
(CMP), which the United States approved but then never ratified. It's 
also the third meeting of the Conference of the Parties to the Paris 
Agreement, which was approved originally in 2015. So it's three related 
kinds of meetings that are going on at once, but the negotiations for 
different pieces of things are mostly kept separate. 

What goes on at a meeting like COP26 and who is 
involved?

Boykoff: In broad terms, there are different negotiators and different 
delegations from different countries in attendance. Some of the 

delegations are quite large, while some of them are just one person. 
They're representing the interests of their countries and they're part of a 
range of negotiations taking place, involving everything from finance to 
meeting the 1.5-degree target from the Paris Agreement.

What's on the agenda?

Boykoff: The goal is to turn the Paris Climate Agreement rules into 
action. Number one is to find solutions and visions to reach this limit of 
1.5 degrees Celsius warming above pre-industrial levels. Number two, 
they'll be discussing how to support developing nations vulnerable to 
climate impacts, mobilizing the $100 billion pledged annually through 
2025 to help developing countries with climate mitigation and 
adaptation. Number three is a commitment to end the use of coal and to 
protect forests, moving away from oil and gas, toward renewable energy. 
While it can be cast here in the United States as a political sort of activity, 

What is the COP26 climate conference
and why does it matter?

continued on page 15

On Sunday, Oct. 31, thousands of representatives from around the world began to gather in 
Glasgow, Scotland, for the 26th United Nations Climate Change Conference of the Parties, also 
known as COP26.

The annual two-week conference brings together 197 countries that agreed to the U.N. 
Framework Convention on Climate Change (UNFCCC), a landmark environmental treaty 
adopted in 1992—which most recently produced the 2015 Paris Climate Agreement.

Delayed one year due to COVID-19, occurring in a year of record heat, storms and wildfires, and 
after a recent alarming Intergovernmental Panel on Climate Change (IPCC) report, the event is 
receiving unprecedented attention.

Under the Paris Agreement, countries agreed to slow human-made climate change and limit 
global warming to no more than 3.6 degrees Fahrenheit (2 degrees Celsius) above pre-industrial 
levels, aiming for 2.7 F (1.5 C). At COP26, these parties must now review that agreement and 
decide how to cut current global emissions nearly in half by 2030—because the world is not on 
track to meet these extremely important goals.

Marilyn Averill, senior fellow with the Getches-Wilkinson Center for Natural Resources, Energy 
and the Environment at Colorado Law, has been attending the UNFCCC negotiations almost 
every year since 2003. Max Boykoff, professor and director of the environmental studies 
program, and fellow in the Cooperative Institute for Research in Environmental Sciences 
(CIRES), has attended five times. He is also an author on the upcoming IPCC Sixth Assessment 
Report.

CU Boulder Today spoke with Averill and Boykoff about what this year's conference entails, 
what's at stake and what they hope is achieved.
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Abundant renewable sources of energy, and energy systems expertise 
available in the region, combined with significant sovereign wealth 
available for investment, present unique opportunities to benefit from 
the net zero transition and position the region as a leader in the energy 
transition.

Brazil:

Agriculture and livestock contribute the most to Brazil's carbon 
emissions and are the largest drivers of deforestation and land-use 
change.

Brazil is one of the world's most unequal countries in terms of access to 
productive resources, especially in rural areas; the 'Future We Want' in 
Brazil must consider structural inequalities to provide a just transition 
for the poorest Brazilians under principles of sustainable production.

The energy sector in Brazil primarily relies on hydroelectric power, 
which is promising in terms of low carbon emissions, but it is also 
vulnerable to changing rainfall patterns caused by climate change.

India:

India has made considerable progress in its efforts towards decoupling 
economic growth from greenhouse gas emissions. Between 2005 and 
2016, India's emission intensity of gross domestic product (GDP) has 
reduced by 24%, earlier than the target year of 2020.

Over half of country's 1.3 billion people are dependent on climate-
sensitive sectors for their livelihoods. It's vital that India sets a net zero 
target in a manner that also supports its development priorities.

Greater uptake of nature-based solutions can provide a range of 
environmental, social and economic benefits while combatting the 
accelerating loss of biodiversity.

Jamaica:

There is considerable potential for nature-based solutions to provide 
benefits for both climate change adaptation and sustainable 

development in Jamaica.

Following a 'late, disorderly transition pathway' as opposed to a 'steady, 
orderly, persistent transition pathway' for climate change adaptation will 
lead to substantially greater risk to the environmental, economic and 
social stability of Jamaica.

Developing and strengthening governance and authorities is key to 
enabling a coordinated climate response, enabling economic and social 
improvements and aiding in preventing unequal distribution of transition 
benefits across the Jamaican population, leaving people behind and 
causing a serious risk to life.

Kenya:

In Kenya, a development-compatible pathway to net zero emissions 
needs strong support from the global community to ensure that economic 
value chains, particularly in transport, agriculture, industry standards, 
and financial services are climate-proofed.

There is a need for strong local leadership to implement appropriate 
regulatory frameworks and industry standards, and to support 
community-oriented data generation and scenario building.

It's vital to connect climate-friendly innovations and investments with 
socioeconomic inclusion, with a particular focus on young people, 
women, remote populations, and informal settlements.

United Kingdom:

The UK is a world leader in finance and innovation – both of which will 
prove key in reducing emissions.

The UK has a large role to play in developing and re-directing capital 
toward greener technologies.

Solutions must also be accompanied by behaviour change, such as 
encouraging active travel, and nature-based solutions, such as extending 
the coverage of hedgerows and diverse forests.

(Source: University of Cambridge news release)

What is the COP26 climate conference and why does it matter?

Feasible visions of a resilient, net zero future

it really isn't: It is where climate science feeds into the need for 
decarbonization, that's largely accepted around the world. 

How does climate science inform this meeting?

Averill: The IPCC has been critical in identifying the nature of the 
problem, talking about the urgency of the problem, talking about likely 
impacts, and not just physical impacts—but the social and economic 
and ethical impacts. There will be relatively few IPCC scientists at the 
negotiations, and you're not going to hear that much about specific areas 
of science in the negotiating sessions, but science underlies  and 
informs the negotiations. 

What would you hope to see come out of the 
conference this year?

Averill: Because of all the extreme storms, the extreme heat, the 
wildfires—all of the things that can be attributed to climate change that 
have happened in the last year or two, climate change is finally getting 

the kind of attention it deserves. But it's getting general attention, and 
what we need to do now is take action. And that action is not going to 
occur at these meetings. Their agreements tend to be very general. 
Parties need to take those agreements back home and turn them into 
action. No matter how much the parties raise their ambition and say, 
“we're going to do more,” what matters is what happens back home. 

Boykoff: So, in the United States it would be to pass the reconciliation 
bill and to pass the infrastructure bill. And I don't say that in left-right 
politics. I say that on climate terms, because if it passes, that then sends 
President Biden in for the sessions with credibility. Without it, that can 
weaken his credibility to be able to call for these more ambitious 
measures.

One of the cruel realities of all this is that those countries that contribute 
least to the problem are at the forefront of climate impacts. I think it 
would be a wonderful outcome to provide encouragement to developing 
nations or those of the global South—a firm commitment with money 
that flows.

(Republished from C U Boulder Today)
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How the microbiome affects human health

he term “microbiome” is shorthand for the vast and still largely Tunexplored worlds of bacteria, viruses, fungi and other 
microorganisms that inhabit every corner of the planet. Bacteria 

form tiny ecosystems side by side with our own cells on our skin, in our 
mouths and along our airways and digestive tracts, as well as on all the 
surfaces we interact with—including our homes, workplaces, and 
hospitals, and the air, water, and soil.

These microbes are so impactful that some researchers consider them to 
be a separate organ, which shapes our metabolism, susceptibility to 
allergic and inflammatory diseases, and even responses to medical 
treatments. But scientists at the University of Chicago and other 
institutions around the world are just beginning to fully understand the 
role that bacteria play in our health.

What is a microbiome?

In 1675, Dutch haberdasher Antonie van Leeuwenhoek peered through 
a microscopic lens at some lake water and saw that it was teeming with 
life. Along with tufts of green algae, he saw thousands of tiny creatures 
he dubbed “animalcules.”

Centuries later, we now know that Leeuwenhoek's animalcules inhabit 
every surface, nook and cranny of the planet. The term “microbiome” 
was coined to describe the collective community of bacteria, viruses, 

fungi and other microbes that colonize a particular space or 
ecosystem—for example, a microbiome of the soil, or a microbiome of 
a body of water. Indoor spaces like homes, offices and hospitals also 
have distinct microbiomes, as do all the surfaces and objects within. 
And most multicellular life forms have their own microbiome—a 
collection of microbes that are co-dependent, adapting to and taking 
advantage of the conditions presented by the host. Microbiomes can 
have a profound impact on the host's biology and health.

Scientists at the University of Chicago and other institutions around the 
world are working to understand and catalog the microbiome, and to 
apply these insights to interventions and biotherapeutics to maintain 
health and to prevent and treat disease.

Why is the gut microbiome so important?

The human body has several distinct microbiomes—on the skin, in the 
mouth and in our airways—but the most consequential one for health is 
in the digestive system, commonly called the gut microbiome. The 
millions of microbes in the large intestine constantly exchange 
chemical signals with the body's cells and help digest nutrients. These 
bacteria form a mutualistic or symbiotic relationship with the body and 
contribute to the normal functioning of the digestive system and other 
bodily organs and systems, so much so that some researchers see the gut 

Copyright Shutterstock.com

The term “microbiome” was coined to describe the collective community of bacteria, viruses, fungi and other microbes 
that colonize a particular space or ecosystem
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How the microbiome affects human health

microbiome as its own distinct organ.

This microbiome relies on a careful balance of certain types of bacteria 
that provide the services the body needs. Sometimes, one type of 
bacteria is found lacking or another type becomes more abundant than 
others, which can throw the system out of whack. This is called 
dysbiosis, which can lead to several health problems.

How does the gut microbiome impact human 
health?

In the 1980s, UChicago alum Jeffrey Gordon, MD'73, a 
gastroenterology researcher working at Washington University School 
of Medicine in St. Louis, began studying the gut microbiome to 
understand this nuanced relationship between microbes and their hosts. 
Gordon and his team were studying intestinal development, exploring 
the chemical signals that cells exchange with each other.  

In one groundbreaking experiment, Gordon's group transplanted gut 

microbes from both genetically obese mice and lean mice into a group 
of germ-free mice, which were specially raised to have no microbes. 
Despite all the mice eating the same diet, the mice who received 
microbes from obese mice gained more weight. At the same time, 
Gordon and his colleagues also showed how the gut microbiome of 
obese humans changed as they consumed low-calorie diets and lost 
weight. Gordon became known as “the Father of the Microbiome” for 
this work, which renewed interest in the links between the gut 
microbiome and human health.

The microbiome also plays a role in digestive diseases. In 2012, 
University of Chicago gastroenterology researcher Eugene B. Chang 
published a study showing how the high-fat, high-calorie diet common 
in Western countries may contribute to the rise in inflammatory bowel 
disease, or IBD, over the past century. Chang's team discovered that 
highly saturated fats typically consumed in a Western diet alter the 
composition and functional properties of bacteria in the intestines. 

Scientists have document thousands of species of microbes living on and in plants, animals, and soil. 
Infographic courtesy of Ikeda-Ohtsubo et al, Frontiers in Nutrition



FOCUS FEATURES

18 The Scitech Journal Volume 08 Issue 12 December 2021

How the microbiome affects human health

These changes can disrupt the normally beneficial mix of microbes and 
lead to the emergence of microbes that trigger inflammation and damage 
the intestine. Later, his group also showed how such a calorie-rich, 
Western diet can induce the expansion of specific microbes that promote 
the digestion and absorption of high-fat foods. Over time, it's thought the 
steady presence of these microbes can contribute to over-nutrition and 
obesity.

Antibiotics can also decimate bacteria in the gut. Chang's lab has shown 
that when mice that are genetically susceptible to IBD were given 
antibiotics late in pregnancy, their altered gut microbiome was 
transferred to their offspring, resulting in interruptions to immune 
development and much higher incidence of colitis. In a later mouse 
study, they also showed how restoring a single microbial species, 
Bacteroides, at the right development point could repair the antibiotic-
damaged microbiome, restore proper immune development, and 
significantly lower the risk for developing colitis later in life.

How does the gut microbiome affect allergies?

The gut microbiome also plays a key role in the development of food 
allergies. Food allergies occur when the body triggers an overreactive, 
damaging immune response to certain foods, such as peanuts, milk or 
shellfish. Some studies have hinted that modern lifestyle practices like 
low-fiber diets, overuse of antibiotics, Caesarean births, and formula 

feeding can disturb the body's natural bacterial composition.

In 2014, a team led by immunologist Cathryn Nagler at UChicago 
showed that the presence of one common class of bacteria called 
Clostridia can protect against the development of food allergies by 
strengthening the gut barrier to minimize exposure to allergens. Later in 
2019, Nagler and colleagues showed that a particular species of 
Clostridia, which is abundant in infants, can protect against the 
development of an allergy to cow's milk. Most recently, Nagler and her 
collaborators at Stanford studied twin pairs where one twin had a food 
allergy and the other did not. They found that the twins without food 
allergies tended to have more of the protective Clostridia bacteria in 
their guts and maintained it throughout their lifetime.

What other aspects of health are related to the 
microbiome?

Research is underway on how the microbiome contributes to other 
health conditions, including kidney stones, Alzheimer's disease, 
Crohn's disease, colon cancer, diabetes, celiac disease, allergies, heart 
disease, asthma, acne, liver disease, multiple sclerosis, depression, 
anxiety, rheumatoid arthritis, psoriasis, stroke, and even disrupting the 
body's circadian rhythms and sleep cycles.

It can even affect how we develop; UChicago Prof. Erika Claud showed 
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How the microbiome affects human health

the importance of the early-life microbiome in brain development.

How does the environment affect the microbiome?

Studies have connected the environment where someone lives to 
differences in their body's microbiome, which in turn affects health.

For example, in 2016, Carole Ober and Anne Sperling showed how the 
differences between two farming communities, the Amish of Indiana 
and Hutterites in South Dakota, are associated with changes in immune 
cells that protect one group of children from developing asthma but not 
the others. The Amish and Hutterites have similar genetic ancestry and 
share similar old-fashioned lifestyles and customs. Their farming 
practices differ, however. The Amish live on single-family dairy farms 
in close contact with cows and horses. The Hutterites live on large 
communal farms with modern, industrialized machinery that limits 
daily contact with farm animals.

The research suggested that closer contact with the animals and their 
microbes via household dust gave Amish children more blood cells that 
fight infections and fewer that promote allergic reactions. Amish 
children have one half the average rate of asthma for U.S. children, and a 
quarter of the rate among Hutterite children.

Can you use the microbiome to treat disease?

All of this research might give the impression that if disruptions of the 
microbiome lead to disease, one could treat those same diseases by 
restoring a “healthy” microbiome. That's the ultimate goal, but many of 
the early links between the microbiome and health are just 
correlations—that is, researchers catalogued differences the 
microbiome of healthy people and those with a disease, but don't yet 
understand the details. We still have much to learn about the specific 
mechanisms and types of microbes that lead to these disruptions.

A common approach to manipulating the microbiome to promote health 

is through probiotics, or cocktails of bacteria that can restore a proper 
balance. However, most of the common probiotic supplements sold in 
drugstores and foods like yogurt likely just pass through the system 
without properly colonizing the gut. More effective remedies may 
come in the future: Researchers are working on targeted, precise 
treatments that interact with the gut microbiome, like the therapeutics 
Nagler and UChicago biomolecular engineer Jeffrey Hubbell are 
developing through their academic startup company ClostraBio.

The microbiome can even influence how the body responds to medical 
treatment. UChicago cancer researcher Tom Gajewski has shown that a 
higher prevalence of specific strains of bacteria in the gut can improve 
the response rate for melanoma patients being treated with 
immunotherapy. These drugs are designed to boost the immune system 
response to fight cancer, and the presence of these bacteria appears to 
enhance the potency of immune T-cells as they infiltrate tumors and 
attack cancer cells. This suggests that probiotics including these 
enhancing bacteria could someday be used to augment immunotherapy. 
Similarly, Prof. Eric Pamer showed that cancer patients with greater gut 
microbiome diversity had higher rates of transplant success.

Scientists are still scratching the surface of the power of the microbiome 
and its profound influence on our bodies. Much of the ongoing work is 
being spurred by advances in genetic sequencing technology that can 
not only catalog the different microbes present in a given environment, 
but also analyze their gene expression and the proteins and other 
molecules they produce to understand their activity.

Microbes, once a curiosity first spotted by an amateur scientist and lens 
maker, are no longer just common germs or pathogens to be 
avoided—they're a crucial part of what makes us human.

(Source: University of Chicago)

Copyright Shutterstock.com
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If we could talk to the animals … whales, 

specifically

f only Captain Ahab and the white whale could have had a heart-to-Iheart, things might have turned out differently.

It may be a bit late for the protagonists of Herman Melville's classic 
novel “Moby Dick,” but talking to the massive creatures might one day 
be a reality. According to a group of scientists working on deciphering 
sperm whale communication, the time may come when a human-to-
whale conversation will indeed be possible.

But first, they have to spend more time eavesdropping on the giants from 
the deep.

“The goal here is to find ways to use technology to connect us to nature 
by really deeply listening,” said marine biologist David Gruber RI '18, 
lead scientist on Project CETI, a nonprofit that grew out of a series of 
meetings among scholars from various fields that began at the Radcliffe 
Institute for Advanced Study in 2017. The researchers, a collection of 
biologists, cryptographers, linguistics, computer scientists, and robotics 
experts, will begin by gathering the whale's sounds and observing their 
patterns of behavior. In their final phase, they hope to play taped 
vocalizations back to the animals and record how they respond.

Gruber was virtually back on campus Tuesday to discuss the work with 
his colleagues and former Radcliffe Fellows Shafi Goldwasser RI '18 
and Michael Bronstein RI '18. During an online talk moderated by 
Radcliffe Dean Tomiko Brown-Nagin they reviewed the inception of 

CETI (short for the Cetacean Translation Initiative), its progress, and 
what they hope the work might mean for the future of animal/ human 
understanding.

Gruber explained that while at Radcliffe in 2017 to design robots based 
on the soft properties of jellyfish, in collaboration with Robert Wood 
who directs the Harvard Microrobotics Laboratory, he grew interested 
in codas, the series of clicks sperm whales use to communicate. He was 
listening to a recording of the sounds in his office one day when 
Goldwasser, a cryptographer and Radcliffe Fellow exploring machine 
learning and data privacy, stopped in from across the hall. “We began 
discussing the sounds and she brought up the idea of using machine 
learning and invited me to this Radcliffe machine-learning working 
group that she'd organized,” said Gruber, a professor of biology at City 
University of New York.

More discussions followed, and in 2019 they applied for funding after 
studying an existing data set of whale sounds gathered by other 
researchers off the coast of the Caribbean Island Dominica and 
convening a two-day exploratory seminar back at Radcliffe. “We came 
together and kind of realized that this moment in time the window 
opened up where we think we could make significant inroads,” said 
Gruber.

Some of those inroads will be based on artificial intelligence, explained 
Bronstein, a computer scientist who was using his fellowship year to 

Scientists who met at Radcliffe are exploring how whales communicate, and if they have language
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Lessons in regeneration by light of glowing 
worms

ut off the head of a three-banded panther worm, and it will grow 

Canother — mouth, brain, and all. Cut off its tail, and the same 
thing happens. Cut it in three pieces, and within eight weeks 

there'll be three fully formed worms.

Put simply: The three-banded panther worm is one of the greatest of all 
time when it comes to regeneration, which is why scientists started 
studying this Tic Tac-sized worm in earnest over the past decade or so to 
learn exactly how it pulls off such an amazing feat. Such knowledge 
could eventually lend insights into the possibilities for a similar kind of 
regeneration process in humans.

Now, a team of researchers has taken the study of these worms to the 
next level by making them glow in the dark through a process called 
transgenesis. The work, described in a new paper in Developmental 
Cell, is led by Mansi Srivastava, a professor of organismic and 
evolutionary biology at Harvard who has been studying three-banded 
panthers for more than a decade.

Transgenesis is when scientists introduce something into the genome of 
an organism that is not normally part of that genome. “It's a tool that 

biologists use to study how cells or tissues work within the body of an 
animal,” Srivastava said.

The glow-in-the-dark factor comes from the introduction of a gene that, 
when it becomes a protein, gives off a certain florescent glow. These 
proteins glow either green or red and can lead to glowing muscle cells or 
glowing skin cells, for example.

The fluorescence gives scientists a more detailed look at cells, where 
they are in the animal, and how they interact with each other.

Researchers are also able to add or subtract specific information to the 
genome of the worm. This level of precision when it comes to both 
visual resolution of the cells and ability to add to the genome or even 
tweak it in various ways is what makes transgenesis particularly 
powerful. It helps researchers study the specific mechanism of any 
process in an organism.

In the case of three-banded panther — a marine acoel worm whose 
scientific name is Hofstenia miamia — researchers can do very precise 
manipulations, such as switching off certain genes. This could likely 
result in regeneration changes, like growing a tail instead of a head or 

Harvard-led team devises genomic method that provides better view of how things work on cellular level

The black-and-white image shows part of an animal where the muscle is fluorescent
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Lessons in regeneration by light of glowing worms

detect the spread of misinformation on social media sites with machine-
learning algorithms when he sat in on the discussions about the giant 
marine mammals. Upon hearing Gruber and Goldwasser's pitch about 
communicating with the leviathans his first thought was “It's the craziest 
idea in the world.” But, Bronstein added, “The questions stuck in my 
head.”

Researchers have long tried to understand how animals communicate. 
What's different today is the incredible advances in deep learning and 
artificial intelligence, said Bronstein, a professor of machine learning 
and pattern recognition at Imperial College London. He cited the 
language-generation tool GPT-3, which can produce human text on 
demand — answer questions, write poems, stories, essays, or news 
reports — as an example of groundbreaking technology that can process 
massive amounts of data, specifically words, with speed and accuracy. 
Their work will rely on a similar model.

To produce a “whale grammar,” the researchers will first collect sounds 
using specially designed computers attached to the animals with suction 
cups, underwater microphones, and swimming robots. They'll then use 
traditional processors on land for the heavy computational lifting. 
“What is important is that we are building all these data sets for 
automated analysis by machine-learning algorithms rather than by 
humans, by hand, as it was done in the past,” said Bronstein. “And we 
currently estimate that it will be able to collect billions of sperm whale 
clicks and associated metadata that will result in a data set that is similar 
in order of magnitude to those used portraying human language 
models.”

Far from the murderous beast depicted by Melville, sperm whales are 
“truly gentle creatures,” said Gruber. They live in matrilineal pods in 
which the mothers and grandmothers dictate interactions. Those 

complex social lives, along with their large brains and reliance on sound 
to communicate at great depths — they often dive a mile below the 
surface and can hold their breath for more than an hour — make them 
ideal study subjects.

For Goldwasser, a theorist, developing a robust set of questions is 
crucial to the work. Through CETI, she is hoping to understand the goal 
of whale communication, and whether it extends beyond the search for 
food and efforts to simply locate one another while hunting in the deep. 
She is also fascinated by the ways humans “develop very complicated 
error correction methods for phones or computers, because there's noise 
on the line,” and whether whales use similar corrections when 
communicating over long distances in water. Getting a better handle on 
the complexity of whale communication might also help scientists 
better understand other non-human communication and whether there 
is a “hierarchy of complexity” in animal communication, one possibly 
“connected to evolution,” said Goldwasser, professor in electrical 
engineering and computer science at the University of California, 
Berkeley.

Well aware that other researchers have long been involved in studying 
whale and dolphin communication, Gruber said they welcome 
collaboration with other scientists and with the public at large. “We're 
basically putting everything up as open source, and we're going to start 
a citizen science community that could help come on the ride with us.”

Acknowledging that they are just at “the beginning of this journey,” 
Bronstein said he hopes their work “leads to some shift in the way we 
treat our environment. And maybe it will result in more respect for the 
living world.”

(Republished from Harvard Gazette)

If we could talk to the animals … whales, specifically

two heads instead of one or a single head in the wrong place. This can 
ultimately help scientists narrow down which genes control 
regeneration and in what ways.

Now, with the ability to make transgenic worms, the researchers say 
they are most excited to study a population of stem cells critical to 
regeneration. The cells are called neoblasts and are believed to be 
pluripotent, meaning they can produce any other cell type in the animal, 
such as neurons, skin cells, muscle cells, or gut cells.

“We don't know how any one of these cells actually behave in the 
animal during regeneration,” Srivastava said. “Having the transgenic 
worms will allow us to watch the cells in the context of the animal as it 
regenerates.”

Already, transgenesis in these worms has allowed the scientists to gain 
some novel biological insights into how muscle fibers in the worm 
connect to each other and to other cells, such as those in the skin and gut. 
The researchers were able to see that muscle cells have extensions that 
interlock in tight columns and keep a closely knit grid, which gives the 
worm structure and support, almost like a skeleton.

The researchers are interested in learning next whether the muscles are 
doing more than just holding things together, such as storing and 
communicating information on what needs to be regenerated.

Making a transgenic worm line — injecting modified DNA into 
embryos that have just been fertilized — takes about eight weeks. That 
DNA and its modifications then get incorporated into the genome of the 
cells as they divide. When that worm grows it will glow and that glow 
will be passed along to its children and their children, said Lorenzo 
Ricci, a former postdoctoral researcher in the lab.

Srivastava has been studying these worms since she collected 120 of 
them in Bermuda while a postdoctoral researcher at the Whitehead 
Institute. In 2015, she joined the Department of Organismic and 
Evolutionary Biology and launched research focused on studying 
regeneration and stem cells in panther worms. In a 2019 study, 
Srivastava and her colleagues uncovered a number of DNA switches 
that appear to control genes for whole-body regeneration in the worms.

Having studied the worms for so long Srivastava and her team have 
grown quite attached to them, their striped patterns, and intriguing 
behavior — from mating to predatory habits, which lean toward the 
cannibalistic on occasion. Regeneration can really come in handy after 
an attack, but bigger worms have been known to swallow smaller ones 
whole.

All that considered, Srivastava says she still finds them “absolutely 
charming,” but one suspects some bias.

(Republished from Harvard Gazette)
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Unravelling spiders' web-making secrets
How spiders build webs by tracking every movement of all eight legs as spiders worked in the dark

Johns Hopkins University researchers 
discovered precisely how spiders build webs 
by using night vision and artificial intelli-
gence to track and record every move-ment of 
all eight legs as spiders worked in the dark. 
Their creation of a web-building playbook or 
algorithm brings new under-standing of how 
creatures with brains a fraction of the size of a 
human's can create structures of such 
elegance, complexity, and geometric preci-
sion. The findings, available online in Current 
Biology. "I first got interested in this topic 
while I was out birding with my son," said 
senior author Andrew Gordus, a behavioral 
biologist in the Department of Biology in the 
Krieger School of Arts and Sciences. "Now 
we've defined the entire choreography for web 
building, which has never been done for any 
animal architecture at this fine of a 
resolution." Web-weaving spiders that build 
blindly using only the sense of touch have 
fascinated humans for centuries. Not all 
spiders build webs but those that do are among 
a subset of animal species known for their 
architectural creations, like nest-building 

birds and puffer fish that create elaborate sand 
circles when mating.

The first step to understanding how the 
relatively small brains of these animal 
a rch i t ec t s  suppor t  t he i r  h igh- l eve l 
construction projects is to systematically 
document and analyze the behaviors and 
motor skills involved, which until now has 
never been done, mainly because of the 
challenges of capturing and recording the 
actions, Gordus said. His team studied a 
hackled orb weaver, a spider native to the 

western United States that's small enough to sit 
comfortably on a fingertip. To observe the 
spiders during their nighttime web-building 
work, the lab designed an arena with infrared 
cameras and infrared lights. With that set-up 
they monitored and recorded six spiders every 
night as they constructed webs. They tracked 
the millions of individual leg actions with 
machine vision software designed specifically 
to detect limb movement. The lead author Abel 
Corver said "It's just too much to go through 
every frame and annotate the leg points by 
hand so we trained machine vision software to 
detect the posture of the spider, frame by 
frame, so we could document everything the 
legs do to build an entire web." They found that 
web-making behaviors are quite similar across 
spiders, so much so that the researchers were 
able to predict the part of a web a spider was 
working on just from seeing the position of a 
leg.

Source: Johns Hopkins University

Bones are mostly made of a protein called 
collagen and the mineral Calcium Phosphate. 
Collagen forms a soft framework and Calcium 
Phosphate hardens it, giving it strength. Bones 
are one of the organs that have tremendous 
potential for self-regeneration. But the process 
is fraught with several complications which 
delay or hamper regeneration. Tissue 
engineering can play a crucial role in 
introducing new approaches and solutions. 
One of the approaches of tissue engineering 
relies on the use of biomaterials to mimic the 
bone microenvironment and to stimulate bone 
formation. Further down, tissue engineering 
strategies work on the triad of scaffolds, cells, 
and signaling cues.

A scaffold serves as a temporary extracellular 
matrix (ECM) to promote bone tissue 
formation or regeneration. A temporary 
scaffold must provide a suitable micro-
environment for cells to attach, proliferate, 
and differentiate to form new tissue. In order 
to obtain scaffolds with these properties, 

several new approaches are being studied to 
introduce design features including material 
compos i t ion ,  b iodegradab i l i ty,  and 
mechanical properties. The scaffold must 
mimic the extracellular matrix as closely as 
possible. Natural ECM is composed of 
protein and polysaccharide-based networks, 
which provide mechanical support and 
signals for essential cell functions. Several 
studies have shown that natural systems in the 
form of scaffolds can provide the right 
microenvironment but lack the appropriate 
toughness and mechanical suitability.

To improve mechanical properties, various 
polymerization approaches have been 
introduced. One such type is the use of what is 
termed a double network system. Double 
network systems with asymmetric structures 
have excellent mechanical properties and thus 
show great potential.

In a new study, researchers at the Department 
of Biotechnology's Bhubaneswar-based 

Institute of Life Sciences, (DBT-ILS) have 
investigated the potential for using a set of 
protein molecules called Mucins for 
developing such double network systems in 
combination with polymers. Mucins have a 
high ability to hold water, giving them gel-like 
properties and they facilitated developing 
intermolecular crosslinking. Some mucins are 
also associated with controlling minerali-
zation, including nacre formation in mollusks, 
calcification in echinoderms, and bone 
formation in vertebrates. Speaking to India 
Science Wire, team leader Dr. Mamoni Dash 
said that although several protein matrices 
have been investigated, this was the first time 
the possibility of utilizing and developing 
Mucin as the matrix of choice for bone tissue 
engineering has been studied. The details of 
this work have been published in Macromol-
ecular Biosciences.

Source: India Science Wire

Biological Sciences - Biotechnology

Aiding bone regeneration
Study investigates the potential a new method for tissue engineering
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Sharpest images of bacteria
The findings may help explain ways by which bacteria can maintain a tightly packed, protective barrier 

A study published in Proceedings of the 
National Academy of Sciences of the USA 
reveals that bacteria with protective outer 
layers – called Gram-negative bacteria – may 
have stronger and weaker spots on their 
surface. The study team found that the 
protective outer membrane of the bacteria 
contains dense networks of protein building 
blocks alternated by patches that do not appear 
to contain proteins. Instead, these patches are 
enriched in molecules with sugary chains 
(glycolipids) that keep the outer membrane 
tight. This is an important finding because the 
tough outer membrane of Gram-negative 
bacteria prevents certain drugs and antibiotics 
from penetrating the cell: this outer membrane 
is part of the reason why antimicrobial 
resistance of such bacteria (including A. 
baumannii, P. aeruginosa, and entero-
bacteriaceae such as Salmonella and E. coli) is 
now considered a greater threat than that of 
Gram-positive bacteria such as resistant S. 
aureus (well known as MRSA). “The outer 
membrane is a formidable barrier against 

antibiotics and is an important factor in 
making infectious bacteria resistant to 
medical treatment. However, it remains 
relatively unclear how this barrier is put 
together, which is why we chose to study it in 
such detail,” explained corresponding author 
Professor Bart Hoogenboom.

To better understand this architecture, the 
scientists ran a tiny needle over living 
Escherichia coli (E. coli) bacteria, thus 
“feeling” their overall shape. Since the tip of 
the needle is only a few nanometres wide, this 
made it possible to visualise molecular 
structures at the bacterial surface. The 
resulting images show that the whole outer 

membrane of the bacteria is crammed with 
microscopic holes formed by proteins that 
allow the entry of nutrients while preventing 
the entry of toxins. Although the outer 
membrane was known to contain many 
proteins, this crowded and immobile nature 
had been unexpected. As explained by 
Georgina Benn, who did the microscopy on the 
bacteria in Professor Hoogenboom's lab at 
UCL: “The textbook picture of the bacterial 
outer membrane shows proteins distributed 
over the membrane in a disordered manner, 
well-mixed with other    building blocks of the 
membrane. Our images demonstrate that that 
is not the case, but that lipid patches are 
segregated from protein-rich networks just 
like oil separating from water, in some cases 
forming chinks in the armour of the bacteria. 
This new way of looking at the outer 
membrane means that we can now start 
exploring if and how such order matters for 
membrane function, integrity and resistance to 
antibiotics.”

Source: University College London

A group of researchers, led by Boyce 
Thompson Institute's Fay-Wei Li, have 
sequenced the first quillwort genome and 
uncovered some secrets of the plant's unique 
method of photosynthesis – secrets that could 
eventually lead to the engineering of crops 
with more efficient use of water and carbon 
dioxide. Most plants breathe in carbon dioxide 
(CO2) and use sunlight to turn the gas into 
sugar during the day, and then stop breathing 
when the sun goes down. But plants in arid 
regions have evolved to breathe in CO2 at 
night, and then stop breathing during the day 
while they conduct photosynthesis. This 
strategy – called CAM photosynthesis – helps 
the plants save water.

Forty years ago, quillworts – plants of the 
genus Isoetes – became the first group of 
aquatic plants discovered to use CAM 
photosynthesis. To investigate the genetic 
mechanisms regulating quillworts' CAM 
photosynthesis process, Li's team assembled a 
high-quality genome for I. taiwanensis, and 
found some similarities between quillwort and 
land plant CAM photosynthesis, but also a 

number of differences. “As aquatic plants, 
Isoetes have evolved CAM photosynthesis in 
a fundamentally different environment than 
terrestrial plants in dry habitats,” said Li, who 
is also an adjunct assistant professor of plant 
biology in the College of Agriculture and Life 
Sciences. “These results tell us there are more 
evolutionary pathways to CAM than we 
previously thought.” The findings were 
p u b l i s h e d  i n  t h e  j o u r n a l  N a t u r e 
Communications.

The team used the genome to identify CAM 
pathway genes and to examine their 
expression patterns, including how those 

patterns changed across 24 hours. One notable 
difference between CAM in quillworts and 
terrestrial plants is in the function of 
phosphoenolpyruvate carboxylase (PEPC). 
All plants have two types of PEPC: plant-type, 
long known for  i ts  essential  role in 
photosynthesis; and bacterial-type, which 
resembles the PEPC found in bacteria. “In all 
other plants, bacterial-type PEPC plays a role 
in a range of metabolic processes but not 
photosynthesis,” said David Wickell, a 
doctoral student in Li's laboratory and first 
author on the study. “In Isoetes, both types 
appear to be involved in CAM – something 
that hasn't been found in any other plant and 
points to a distinct role for bacterial-type 
PEPC in aquatic CAM.” The team also found 
that expression levels of a few circadian 
regulators peaked at different times of day in 
quillworts than in terrestrial plants, indicating 
the circadian clock might regulate CAM 
functions differently in Isoetes.

Source: Cornell University

Biological Sciences - Biotechnology

Quillwort plant's unique method of photosynthesis
The findings could lead to the engineering of crops with more efficient use of water and carbon dioxide.
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Gamma-Clade RDRS: Plant genome regulators
Role of a class of enzymes in the development and yield-related traits of rice,

What makes plants grow? One might focus on 
the soil quality or other environmental 
conditions, but there is a vital in-built aspect 
that interacts with these for plant growth: the 
genome, consisting of all the genetic 
information the organism carries. In the 
Epigenetics Lab at NCBS, led by Dr. P. V. 
Shivaprasad, the modulation or regulation of 
plant genomes is at the heart of the research. 
They study how initiating and maintaining 
heritable changes in gene expression can 
happen, without any changes in the DNA 
sequence of genes. These epigenetic changes 
are influenced by the environmental factors 
around the organism, and there are many 
layers of regulation.  One of the levels of 
regulation is from small (s)RNAs. These 
regulators play a major role in the establi-
shment and maintenance of epigenetic marks. 
sRNAs are master regulators of gene 
expression, involved in a multitude of funct-
ions in development, resistance, and genome 
integrity in plants and most organisms. But the 
production of sRNAs is controlled by several 

proteins in the plant genome. These typically 
include polymerases and Dicers, along with 
their partner proteins. 

 In a recent research article published in New 
Phytologist, researchers from the lab have 
shown the role of a class of enzymes—γ-clade 
RNA-dependent RNA polymerases (RDRs) 
in the development and yield-related traits of 
rice, through the regulation of sRNAs and 
other RNAs. 

 RNA silencing is a regulatory mechanism 
that employs the sRNAs and associated 
effector proteins to induce silencing at 
transcriptional or post-transcriptional levels 
of the gene. Double-stranded (ds)RNAs are 
the trigger for gene silencing in plants and a 
precursor to sRNAs, and in this study, the 
researchers examine how dsRNA generation 
is dependent on the This is the γ-clade RDRs. 
first evidence of the importance of γ-clade 
RNA-dependent RNA polymerases in plant 
development, their atypical biochemical 
activities, and their contribution to the 

regulation of gene expression. These enzymes 
are unusual in that they are found only in plants 
and fungi which are considered genetically 
distant from each other. These new players in 
genome regulation are the ones that keep some 
unruly elements in the genome under check, so 
that when they work well, plants develop 
faster and produce more seeds. If they are 
absent, the genome cannot decide what region 
is important and the plants are unable to grow 
properly. 

 “Our results highlight a previously unknown 
mechanism of genome regulation involving a 
new set of regulators named γ-clade RDRs. It 
is surprising that these enzymes can transcribe 
nascent RNAs and also convert them to 
dsRNAs. As seen from our genetic studies, 
these proteins are very important for the 
growth and development of rice and they can 
be important candidates for further enhancing 
the yield-related traits in the crop plants,” says 
Vikram Jha, lead author of the study.

Source: NCBS Bangalore

These energetic half-ounce birds hide 
thousands of food items every fall and rely on 
these hidden stores to get through harsh 
winters in the mountains of the West. To find 
these caches,  chickadees use highly 
specialized spatial memory abilities. 
Although the genetic basis for spatial memory 
has been shown for humans and other 
mammals, direct evidence of that connection 
has never before been identified in birds. In a 
new finding published in the journal Current 
Biology titled “The Genetic Basis of Spatial 
Cognitive Variation in a Food-Caching Bird,” 
provides clues on specialized spatial memory 
abilities in chickadees. “We all use spatial 
memory to navigate our environment,” said 
lead author Carrie Branch, a postdoctoral 
researcher at the Cornell Lab of Ornithology.  
If natural selection (survival of the fittest) is 
shaping chickadee memory, certain criteria 
have to be met. There has to be variation in the 
trait: Some chickadees are indeed better than 
others at re-finding their stores. There has to 
be a fitness advantage: Birds that perform 

better on a spatial memory task are more 
likely to survive and produce offspring. 
Importantly, variation in the trait must have a 
genetic basis. “Environment does still matter 
a lot in terms of shaping behavior, but our 
work here suggests that genes may create the 
brain structures, and then experience and 
learning can build on top of that,” Branch said.

To measure chickadee memory, senior author 
Vladimir Pravosudov and his team set up 
arrays of “smart” feeders for a population of 
wild mountain chickadees in California's 
Sierra Nevada mountains. Each feeder was 
equipped with radio frequency identification 

sensors. The 42 birds tested were fitted with leg 
tags the size of a grain of rice which gave off an 
identifying signal. Each bird was assigned to 
one of the eight feeders in each array. The 
feeder sensor reads the bird's ID tag and, when 
it was the matching feeder for that individual, a 
mechanism opened the door, and the bird got a 
seed. The scientists then tracked how many 
tries it took before the birds consistently went 
to the correct feeder. To understand the 
connection between spatial memory and 
genetic architecture, co-authors Georgy 
Semenov and Scott Taylor at the University of 
Colorado, Boulder, sequenced mountain 
chickadee genomes. “We used two methods to 
link genetic variation with spatial memory in 
chickadees,” Semenov said. “Both methods 
showed hundreds of differences associated 
with spatial memory,” he said. “Many of the 
variations in the genomes turned up in areas 
known to be associated with learning, memory, 
and neuron development in the brain.”

Source: Cornell University
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Genes and spatial memories
Research shows that there is a genetic component underlying the amazing spatial memories of mountain chickadees
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Microscopic hunters could be crystal balls for climate change
Simple measurements of these obscure organisms can help predict future CO2 emissions for ecosystems

Every drop of pond water and teaspoon of soil 
is teeming with tens of thousands of tiny 
unicellular creatures called protists. They're 
so abundant that they are estimated to weigh 
twice as much as all the animals on Earth 
combined. Neither animals nor plants nor 
fungi, the more than 200,000 known species 
of protists are often overlooked. But as 
temperatures warm, they could play a big role 
in buffering the effects of climate change, said 
Jean Philippe Gibert, an assistant professor of 
biology at Duke. That's because of what 
protists like to eat. They gobble up bacteria, 
which release carbon dioxide into the air when 
they respire, just like we do when we breathe 
out. But because bacteria account for more of 
the planet's biomass than any other living 
thing besides plants, they are among the 
largest natural emitters of carbon dioxide — 
the greenhouse gas most responsible for 
global warming. 

In a study published in Proceedings of the 

National Academy of Sciences, Gibert, 
postdoctoral researcher Dan Wieczynski and 
colleagues tested the effects of warming on 
bacteria-eating protists by creating mini 
ecosystems -- glass flasks each containing 10 
different species of protists going about the 
business of eating and competing and 
reproducing. The flasks were kept at five 
temperatures ranging from 60 degrees to 95 
degrees Fahrenheit. Two weeks later, the 
researchers looked to see which species had 
survived at each temperature and measured 
how much CO2 they gave off during 

respiration. “To me, the question was a simple 
one,” Gibert said. “Is there something to be 
measured on living organisms, today, that may 
allow us to predict their response to increasing 
temperature, tomorrow?” The answer was yes. 
The researchers were surprised to find that 
each species' response to temperature could be 
predicted from just a few simple measure-
ments of their size, shape and cell contents. 
And together, these factors in turn influenced 
respiration rates for the community as a whole. 
They also found that by taking measurements 
such as cell size and shape and plugging them 
into a mathematical model, they could get very 
close to how things played out in their mini 
ecosystems in reality. The work is important 
because it sheds light on “how climate change 
will alter microbial communities and how this 
will feed back to influence the pace of climate 
change,” Wieczynski said.

Source: Duke University

When food is scarce, Myxococcus xanthus 
bacteria start a well-documented, but not fully 
understood, ritual. Roughly 100,000 cells 
congregate in what's known as a mound. The 
rod-shaped bacteria then start squishing 
themselves into hardy orbs called spores that 
can survive in a dormant state until food 
becomes available again. The bacteria use 
signals to dictate when it's time to mound up 
and when to activate the genes used to make 
spores. The researchers captured images of 
bacterial cells forming a mound and then 
spores with unparalleled resolution. What the 
team found was that where cells were in the 
mound, how close together they were and how 
they were oriented all play a role. For instance, 
spore formation starts in a ring at a certain 
distance from the center of the mound. And 
rod-shaped cells tend to orient themselves a 
certain way where they start becoming spores.

Long ago in Earth's history, individual cells 
began to communicate and coordinate with 
one another. Thanks to this and a few billion 
years of evolution, humans can now gather in 
lecture halls to share ideas about how to study 

this communication and its wide-ranging 
implications.

 That's how Michigan State University's Lee 
Kroos and Yann Dufour came together to 
probe microbial processes that influence our 
world in myriad ways. “We didn't know how 
to do the image analysis,” Kroos said. “After 
the seminar, Yann came up to me and said, 'I 

think we can help.'” “There was a serendipity 
about it,” said Dufour, an assistant professor of 
microbiology and molecular genetics. “It was 
bringing the right set of skills together and the 
right set of people together.” The Spartans now 
have a paper, published online in the 
Proceedings of the National Academy of 
Sciences, in which they took a deep look at how 
single cells work together to choreograph 
collective behavior. In particular, the team 
looked at a bacterial species known as M 
xanthus. With studies like this one, scientists 
make progress toward being able to 
manipulate these microbiomes to help society, 
the Spartans said. This could be by preventing 
microbial films that foul up medical devices 
and water  t rea tment  sys tems,  or  by 
encouraging microbial coordination in ways 
that remediate pollution, gobble up greenhouse 
gases and promote crop growth.

Source: Michigan State University
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Nature's 'dances'
Researchers take an unprecedented look at how bacteria communicate and coordinate complex behaviors
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New compound to treat Autism
Mouse model study shows potential to improve daily activities like learning and recollecting new tasks

A group of researchers has developed a 
compound that promises to offer a better 
treatment for Autism Spectrum Disorder. 
They have found in studies with a mouse 
model that it had the potential to improve daily 
activities like learning and recollecting new 
tasks in patients suffering from the disorder. 
Autism Spectrum Disorder is one of the major 
health issues causing a tremendous burden to 
human society. Despite strenuous efforts 
around the world, there still is no drug 
available to treat it. Current therapeutics aim 
to only alleviate symptoms such as epileptic 
seizures or sleep issues but not to treat the 
multiple problems of the disorder. A major 
challenge in finding therapeutics to treat it is 
to help the patients perform their daily 
activities with efficiency close to that of a 
healthy person. In the new study, researchers 
from Jawaharlal Nehru Centre for Advanced 
Scientific Research (JNCASR), an auton-
omous research institute of the Department of 
Science & Technology (DST), Government 

of India, have developed a compound that has 
demonstrated a potential to restore neuronal 
function, learning and memory, and reduce 
epileptic seizures in a mouse model. 
Interestingly, the study showed that the 
compound restored the neural functions not 
only when administered during development 
(the equivalent of babies (1-2 years)) and 
childhood stages (3-6 years)) but also after 
mid-childhood (7-11 years) when most of the 
brain regions are considered to have formed 
properly.

Previous studies have attributed disruption in 

optimal brain development, mainly neuronal 
connections, during the early stage of 
development (i.e., babies/childhood) as one of 
the causes of the disorder. Due to the altered 
brain development, information processing 
becomes aberrant, and understanding simple 
tasks becomes exceptionally challenging for 
patients suffering from it. Using electro-
physiology, which helps understand how 
neurons communicate, and behavioral 
experiments, which indicates the overall brain 
function, the JNCASR team has shown that 
the new compound named 6BIO can restore 
the information processing in the mouse 
model. Thus, it has a strong potential as a 
therapeutic to treat the disorder. The resear-
chers have published a report on their study in 
the journal Experimental Brain Research. The 
team consisted of Vijaya Verma, M. J. Vijay 
Kumar, Kavita Sharma, Sridhar Rajaram, Ravi 
Muddashetty, Ravi Manjithaya, Thomas 
Behnisch, and James P. Clement.

Source: India Science Wire

Glitter is the bane of every parent and primary 
school teacher. But beyond its general 
annoyance factor, it's also made of toxic and 
unsustainable materials, and contributes to 
plastic pollution. Now, researchers from the 
University of Cambridge have found a way to 
make sustainable, non-toxic, vegan, and 
biodegradable glitter from cellulose and it's 
just as sparkly as the original. The glitter is 
made from cellulose nanocrystals, which can 
bend light in such a way to create vivid colours 
through a process called structural colour. The 
same phenomenon produces some of the 
brightest colours in nature – such as those of 
butterfly wings and peacock feathers – and 
results in hues that do not fade, even after a 
century. Using self-assembly techniques that 
allow the cellulose to produce intensely 
coloured films, the researchers say their 
materials could be used to replace the plastic 
glitter particles and tiny mineral effect 
pigments which are widely used in cosmetics. 
In Europe, the cosmetics industry uses about 
5,500 tonnes of microplastics every year. The 
films of cellulose nanocrystals prepared by the 

team can be made at scale using roll-to-roll 
processes like those used to make paper from 
wood pulp. This is the first time these 
materials have been fabricated at industrial 
scale. The results are reported in the journal 
Nature Materials. “Conventional pigments, 
like your everyday glitter, are not produced 
sustainably,” said Professor Silvia Vignolini 
from Cambridge's Yusuf Hamied Department 
of Chemistry, the paper's senior author. “They 
get into the soil, the ocean and contribute to an 
overall level of pollution. Consumers are 
starting to realise that while glitters are fun, 
they also have real environmental harms.”

By carefully optimising the cellulose solution 

and the coating parameters, the research team 
was able to fully control the self-assembly 
process, so that the material could be made on a 
roll-to-roll machine. Their process is 
compatible with existing industrial-scale 
machines. Using commercially available 
cellulose materials transformed into suitable 
liquid suspension in just few steps, the team 
showed continuous deposition and drying of 
the cellulose-containing suspension on a 
commercial roll-to-roll machine. After 
producing the large-scale cellulose films, the 
researchers ground them into particles of the 
size used for making glitters or effect 
pigments. The resulting particles are 
biodegradable, plastic-free and non-toxic. The 
demonstration of the fabrication process on 
commercial equipment is an important step 
towards making the new material available 
outside the lab. In addition, the process is far 
less energy-intensive than conventional 
methods. 

Source: University of Cambridge
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Plastic-free glitter from cellulose
Sustainable, nontoxic, degradable glitter with material found in plants, fruits, vegetables, and wood pulp.



DISCOVERIES & INNOVATIONS

28 The Scitech Journal Volume 08 Issue 12 December  2021

Chemical Sciences - Material Science

Harnessing energy from ammonia
Researchers develop a technique, which uses a metal catalyst and releases, rather than requires, energy

A research team at the University of 
Wisconsin Madison has identified a new way –
to convert ammonia to nitrogen gas through a 
process that could be a step toward ammonia 
replacing carbon-based fuels. The discovery 
of this technique, which uses a metal catalyst 
and releases was published in Nature 
Chemistry and has received a provisional 
patent from the Wisconsin Alumni Research 
Foundation. “The world currently runs on a 
carbon fuel economy,” explains Christian 
Wallen, an author of the paper. “It's not a great 
economy because we burn hydrocarbons, 
which release carbon dioxide into the atmo-
sphere. We don't have a way to close the loop 
for a true carbon cycle, where we could 
transform carbon dioxide back into a useful 
fuel.” The scientists were excited to find that 
the addition of ammonia to a metal catalyst 
containing the platinum-like element 
ruthenium spontaneously produced nitrogen, 
which means that no added energy was 
required. Instead, this process can be 
harnessed to produce electricity, with protons 

and nitrogen gas as byproducts. In addition, 
the metal complex can be recycled through 
exposure to oxygen and used repeatedly, all a 
much cleaner process than using carbon-
based fuels. “We figured out that, not only are 
we making nitrogen, we are making it under 
conditions that are completely unprece-
dented,” says Berry, who is the Lester McNall 
Professor of Chemistry and focuses his 
research efforts on transition metal chemistry. 
“To be able to complete the ammonia-to-
nitrogen reaction under ambient conditions — 
and get energy — is a pretty big deal.”

Ammonia has been burned as a fuel source for 

many years. However, burning ammonia 
releases toxic nitrogen oxide gases. The new 
reaction avoids those toxic byproducts. If the 
reaction were housed in a fuel cell where 
ammonia and ruthenium react at an electrode 
surface, it could cleanly produce electricity 
without the need for a catalytic converter. “For 
a fuel cell, we want an electrical output, not 
input,” Wallen says. “We discovered chemical 
compounds that catalyze the conversion of 
ammonia to nitrogen at room temperature, 
without any applied voltage or added 
chemicals. This is the first process, as far as we 
know, to do that.” As the ammonia synthesis 
challenges are met, according to Berry, there 
will be many benefits to using ammonia as a 
common energy source  or  fue l .  I t ' s 
compressible, like propane, easy to transport 
and easy to store. Though some ammonia fuel 
cells already exist, they, unlike this new 
process, require added energy, for example, by 
first splitting ammonia into nitrogen and 
hydrogen.

Source: University of Wisconsin Madison–

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

In the current study, the group created a liquid 
composite by combining the porous liquid and 
an enzyme called bioconjugated carbonic 
anhydrase(bCA) and adding calcium chloride 
to it. The enzyme reacts with carbon dioxide 

adsorbed in hollow silica nanorods and turns it 
into bicarbonate ions. Most enzymes need 
water to be active. However, bCA works very 
well in the polymer environment that the 
porous liquid offers.  When carbon dioxide is 
passed over the porous liquid, the hollow 
cavities of silica nanorods trap the carbon 
dioxide. After the capture, the carbon dioxide 
slowly escapes from the nanorods. It 
combines with bCA to form bicarbonate ions 
at room temperature. These ions react with 
calcium ions from calcium chloride to form 
micrometre sized calcium carbonate crystals. 
These crystals can be removed by heating the 
system and letting them sediment out. The 
porous liquid can be reused after removing the 
calcium carbonate.  The porous liquid can 
also store the trapped carbon dioxide at low 
temperatures. When the porous liquid is 
frozen to -60 ℃, the polymer shell coating the 
silica nanorods in the porous liquid becomes 
glassy, and the carbon dioxide stays trapped in 
the nanorods. When the temperature is 
restored, the carbon dioxide starts releasing 

again, kickstarting the conversion to calcium 
carbonate. 

In another set of experiments, Prof Sharma‟s 
team observed that the liquid nature of the 
polymer surfactant allowed the ions to diffuse 
and react, a process that cannot happen in 
solids. The liquid turns from acidic to neutral 
as carbon dioxide converts to calcium 
carbonate. A dye that changes colour as acidity 
reduces can visually indicate completion of the 
conversion, eliminating the need for any 
chemical tests or microscopic observations. 
The dye method provides a simple mechanism 
that the industry needs to check if a reaction is 
complete. “The porous liquid can absorb one-
fifth of carbon dioxide compared to an equal 
volume of a commercially available meso-
porous silica, a solid. But the porous liquid can 
flow and hence can be retrofitted and 
replenished quickly to provide technological 
advantages,” informs Prof Sharma. 

Source: Indian Institute of Technology 
Bombay
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Cleaning industrial carbon dioxide
A porous liquid composite can convert adsorbed carbon dioxide from industrial effluents to calcium carbonate
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Capturing and converting CO  into methane2

Scientists design efficient, cost-effective, metal-free and non-toxic organic photocatalyst

Scientists have designed a cost-effective 
metal-free catalyst to convert carbon dioxide 
to methane by absorption of visible light. 
Ongoing research is making a significant 
effort to reduce CO  into value-added 2

products, methane (CH ) could be one of the 4

value-added products with significant uses as 
the cleanest burning fossil fuel and can 
directly be used in fuel cells as a hydrogen 
carrier.  It is also the main component of 
natural gas and has the potential to replace 
coal for electricity generation and furnishing 
flexible supply to reinforce intermittent 
renewable generators. There are several ways 
in which CO  can be reduced, including 2

photochemical, electrochemical, photo-
electrochemical, photothermal, and so on. The 
photochemical process utilizes solar light as a 
renewable energy source. There are some key 
requirements of a photo-catalyst to convert 
CO  into value-added products, which rely 2

upon the light-harvesting property, charge 
carrier (electron-hole pair) separation 
proficiency, and presence of proper electro-
nically aligned conduction band. Thus, it is a 

challenge to reduce CO  to CH  selectively 2 4

and efficiently. Only a handful of catalysts are 
able to reduce CH  selectively and efficiently, 4

and most of the catalyst contains metal 
counterparts which are toxic and expensive.

In order to overcome this challenge, a team of 
Scientists from Jawaharlal Nehru Centre for 
Advanced Scientific Research, an autono-
mous institute of the Department of Science & 
Technology, Government of India, have 
designed a metal-free porous organic polymer 
in such a way that it will be able to absorb 
visible light and catalyze the CO  reduction 2

reaction as well.

They have prepared a donor (tr is-4-
ethynylphenylamine)-acceptor (phen-
anthaquinone) assembly via C-C coupling to 
form a robust and thermally stable conjugated 
microporous organic polymer which was 
utilized as a heterogeneous catalyst. The keto 
group present in phenanthraquinone moiety 
acted as a catalytic site in contrast with other 
conventional metal-based catalysts where the 
metal counterpart carries out the CO  2

reduction reaction (CO RR). During the 2

catalysis process, first, the chemical called the 
conjugated microporous polymer (CMP) 
could uptake CO  onto its surface due to its 2

high CO  intake capability at room temper-2

ature, converting it into methane as a value-
added product. The synergistic push-pull 
effect between the electron-rich donor and 
electron-deficient acceptor facilitated efficient 
electron-hole separation, enhancing electron 
transfer kinetics and assisting in efficient 
catalysis. This work has been accepted for 
publication in the Journal of the American 
Chemical Society.  Source: PIB

Scientist has developed a highly stable and 
non-toxic security ink from nanomaterials that 
spontaneously emit light (luminescent) due to 
its unique chemical properties to combat the 
counterfeiting of branded goods, banknotes, 
medicine, certificates, currency. Most of the 
security inks available today are based on 
luminescent materials that absorb a high 
energy photon and emit low energy photon, 
technically called downshifting, where covert 
tag is invisible under daylight, and it becomes 
visible under UV light. However, these single 
emission-based tags are prone to replication. 
To overcome this, luminescent ink with 
excitation-dependent luminescent properties 
(downshifting and upconversion) are advised. 
This is because increasing the number of 
parameters required to decode the tag 
decreases the possibility of decoding and 
replication.  However, most of the materials 
reported recently for this purpose are based on 
fluorides which are less stable and highly 
toxic. To address this challenge, Dr. 
Sanyasinaidu Boddu's research group from 
the Institute of Nano Science and Technology, 

Mohali, an autonomous institute under the 
Department of Science & Technology, 
Government of India, has developed non-
toxic metal phosphate-based ink with 
excitation dependant luminescent properties 
which are highly stable under practical 
conditions such as temperature, humidity and 
light, etc. This work has been published in the 
journals  and 'Crystal Growth and Design'
' .  Materials Today Communications'

The luminescent security ink developed by 
the researcher is based on lanthanide ions 

3+(Ln ) doped Gd Bi PO  nanomaterials. It 1-x x 4

showed very strong downshifting as well as 
upconversion luminescence properties. Also, 
the downshifting luminescence colour of the 
ink is highly dependent on the excitation 
wavelength making it difficult to decode the 
covert tag. These luminescent nanomaterials 
were synthesized via simple co-precipitation 
method. A composite was made with these 
nanoparticles and commercially available 
PVC gold medium ink. The composite ink 
was used to print patterns and letters on black 

paper. The patterns of this ink under different 
excitation wavelengths were found to be stable 
against various conditions which may occur 
during practical applications.

Dr. Boddu explains that 'Trivalent lanthanide 
ions have very rich energy levels which help to 
exhibit both downshifting (absorb a high 
energy photon and emit low energy photon) 
and upconversion (absorb two low energy 
photon and emit a high energy photon) 
luminescent properties. Energy transfer 
between bismuth and lanthanide ions results in 
excitation dependent downshifting emission.' 
“Lanthanide ions are known for their excellent 
downshifting and upconversion luminescent 
properties. We thought that if these materials 
are applied for anti-counterfeiting, it will give 
better encoding, decoding capacity and 
thereby improve the security ability,” he 
added. The developed ink has huge potential to 
combat counterfeiting. A common man can 
find out easily that the document/product is 
original or fake.

Source: India Science Wire

Chemical Sciences - Material Science

Security ink to combat counterfeiting
Highly stable and non-toxic security ink from nanomaterials that spontaneously emit light
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Studying Exoplanets accurately
Astronomers develop an algorithm that can help to study the environment of exoplanets with better precision

Astronomers have developed an algorithm 
that can increase the accuracy of data from 
exoplanets by reducing the contamination by 
the Earth's atmosphere and the disturbances 
due to instrumental effects and other factors. 
This algorithm, called the critical noise 
treatment algorithm, can help to study the 
environment of exoplanets with better 
precision. The understanding of physical 
properties of exoplanets with extreme 
accuracy can help to explore the ones that 
could be similar to planet Earth and hence 
might be habitable. With this purpose, a group 
of astronomers at Indian Institute of 
Astrophysics, Bangalore has been using the 
ground-based optical telescopes available in 
India and the data obtained by the space 
telescope “Transiting Exoplanet Survey 

Satellite” or TESS. Prof. Sujan Sengupta of 
Indian Institute of Astrophysics and his Ph.D. 
students Aritra Chakrabarty and Suman Saha 
have been using the Himalayan Chandra 
Te l e s c o p e  a t  I n d i a n  A s t r o n o m i c a l 
Observatory, Hanle and the Jagadish Chandra 
Bhattacharyya Telescope at Vainu Bappu 
Observatory, Kavalur in order to obtain 
signals of Exoplanets. Following the 
photometric transit method, they have 
acquired photometric data from several planet 
hosting stars. However, the transit signals are 
heavily affected by the noise due to various 
sources that pose a challenge to estimate the 
physical parameters of the planets accurately. 
The team lead by Prof. Sengupta have 
developed a critical noise treatment algorithm 

that can treat the transit signals detected by 
both ground- and space-based telescopes with 
much better precision than ever before. 

R e c e n t l y,  S a h a  a n d  S e n g u p t a  h a v e 
demonstrated the effectiveness of this 
algorithm by critically analysing the data of 
TESS (Transiting Exoplanet Survey Satellite) 
space telescope, reduced the instrumental 
noise and the disturbances arising from 
variability and pulsation of the host stars and 
estimated the physical parameters of a few 
Exoplanets accurately. The work has been 
published in The Astronomical Journal, a 
peer-reviewed scientific journal by the 
American Astronomical Society (AAS).

Source: PIB

An international team, including lead 
researchers from the University of Minnesota 
and the South African Radio Astronomy 
Observatory (SARAO), have released highly 
detailed images of radio emissions from 115 
clusters of galaxies that give new clues to the 
formation and evolution of galaxies 
throughout the Universe. The overview paper 
for the MeerKAT Galaxy Cluster Legacy 
Survey  ( M G C L S )  i s  schedu led  fo r 
publication in the journal Astronomy & 
Astrophysics.  Researchers used SARAO's 
MeerKAT telescope, located in the Karoo 
region of the Northern Cape province of South 
Africa.  More than two years of work was 
required by a large team of South African and 
international experts led by Dr. Kenda 
Knowles of Rhodes University in South 
Africa and SARAO.

The force of gravity has filled the expanding 
Universe with objects extending over an 
astounding range of sizes, from comets that 
are 10 kilometers (one thirty-thousandth of a 
light-second) across, to clusters of galaxies 
that can span 10 million light-years. These 
galaxy clusters are complex environments, 

host to thousands of galaxies, magnetic fields, 
and large regions – millions of light-years 
across – of extremely hot (millions of degrees) 
gas, electrons and protons moving close to the 
speed of light, and dark matter. Those 
'relativistic' electrons, spiraling around the 
magnetic fields, produce the radio emission 
that MeerKAT can 'see' with unprecedented 
sensitivity, opening new horizons for the 
deeper understanding of these structures.

Radio emission from the sprinkling of 
relativistic electrons in this plasma can 
uncover the dramatic storms in clusters, 

stirred up when clusters collide with each 
other, or when jets of material spew out of 
supermassive black holes in the centers of 
galaxies. This new MGCLS paper presents 
more than 50 newly discovered such patches of 
emission.  Some are associated with the bright 
emission from so-called “radio galaxies,” 
powered by the jets of supermassive black 
ho les .  Others  a re  i so la ted  fea tures , 
illuminating winds and intergalactic shock 
waves in the surrounding plasma. Other types 
of science enriched by the MGCLS include the 
regulation of star formation in galaxies, the 
physical processes of jet interactions, the study 
of faint cooler hydrogen gas—the fuel of 
stars—in a variety of environments, and yet 
unknown investigations to be facilitated by 
serendipitous discoveries. The MGCLS has 
produced detailed images of the extremely 
faint radio sky, while surveying a very large 
volume of space. “That's what's already 
enabled us to serendipitously discover rare 
kinds of galaxies, interactions, and diffuse 
features of radio emission, many of them quite 
beautiful,” explained Dr. Knowles.

Source: University of Minnesota
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Revealing beautiful new cosmic puzzles
Highly detailed images of radio emissions from 115 clusters of galaxies that give new clues to the formation and 

evolution of galaxies
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Mystery of solar flares & CMEs on Sun
This understanding will be useful in improving predictions of solar weather

Astronomers exploring regions on the Sun 
with disturbed magnetic fields or active 
regions that sometimes exhibit solar flares 
without accompanying Coronal Mass 
Ejection (CME) have confirmed that 
changing structure of the magnetic field on the 
Sun's surface determined whether a flare or a 
CME was emitted. This understanding will be 
useful in improving predictions of solar 
weather, which can affect electrical, and 
communication systems in Earth and satellite 
systems in space.

The Sun has a complex magnetic field near its 
surface that is connected to its hot plasma and 
changes its configuration all the time as the 
plasma itself moves around in this field. This 
magnetic field can erupt out of some regions 
(called Active Regions) on the Sun's surface in 
loops, become twisted, realign its geometry, 
and release tremendous amounts of energy in 
the process, which was stored as magnetic 
energy till  then. The light (in many 
wavebands) emitted in this process is called a 
solar flare. On the other hand, a CME is when 

a huge amount of hot gas, with its embedded 
magnetic field, is ejected at high velocities 
into the solar corona. It is known that some 
Active Regions produce flares, some produce 
CMEs, and some produce both. What 
determines this difference remained a puzzle 
though earlier studies indicated that the 
mystery lies in the magnetic field in this 
region.

The underlying magnetic configuration that 
stores energy is typically seen having twisted 
magnetic fields, which are quantified by a 
parameter known as magnetic helicity. The 
corona of the active region (AR) is being 

pumped with such twists or magnetic helicity. 
When helicity reaches beyond a threshold 
level, CME is the only way to remove the 
excess helicity. However, finding the 
threshold level of the coronal helicity budget is 
still a formidable problem for the prediction of 
a CME eruption in due course of the AR 
evolution. Dr. P. Vemareddy from the Indian 
Institute of Astrophysics, Bengaluru, India, 
first spotted a peculiar evolution of helicity 
injection in the Active Region called AR 
12257 without CMEs. The scientists studied 
this astronomical event based on the magnetic 
and coronal images of the Sun, taken every 12 
minutes by NASA's Solar Dynamics 
Observatory in space, and found that the AR 
injected positive helicity in the first 2.5 days 
followed by negative helicity after that. The 
study showed that active regions where the 
sign of the helicity (or twist) reverses with time 
cannot produce coronal mass ejection. The 
results have been published in the journal 
Monthly Notices of the Royal Astronomical 
Society.

Source: PIB

Astronomers have found a new method to 
understand the atmosphere of extra solar 
planets. They have shown that planets going 
around stars other than the Sun can be studied 
by observing the polarisation of light and 
studying polarisation signatures. These 
polarisation signatures or variations in 
scattering intensity of light can be observed 
with existing instruments and expanding the 
study of planets beyond the solar system using 
existing instruments. Recently, Aritra  
Chakrabarty, a postdoctoral researcher at 
Indian Institute of Astrophysics (IIA) 
working with Sujan Sengupta, developed a 
detailed three-dimensional numerical method 
and simulated the polarization of exoplanets. 
Just like the Solar-planets, exoplanets are 
slightly oblate due to their rapid spin rotation. 
Further, depending on its position around the 
star, only a part of the planetary disk gets 
illuminated by the starlight. This asymmetry 
of the light-emitting region gives rise to non-
zero polarization.

In the research published in 'The Astro-

physical Journal, ' the scientists have 
developed a Python-based numerical code 
that incorporates a state-of-the-art planetary 
atmosphere model and employed all such 
asymmetries of an exoplanet orbiting the 
parent star at different inclination angles. 
They calculated the amount of polarization at 
different latitudes and longitudes of the 
planetary surface defined with respect to the 
disk center and averaged them over the 
illuminated and rotation-induced oblate 
planetary surface. The polarization at 
different wavelengths is sufficiently high and 
hence can be detected even by a simple 

polarimeter if the starlight is blocked. It helps 
study the atmosphere of the exoplanets along 
with its chemical composition. “Even if we  
cannot image the planet directly and the 
unpolarized starlight is allowed to mix up with 
the polarized reflected light of the planet, the 
amount should be a few ten parts of a million, 
but still can be detected by some of the existing 
high-end instruments such as HIPPI, 
POLISH, PlanetPol, etc. The research will 
help in designing instruments with appropriate 
sensitivity and guide the observers,” said 
Aritra Chakrabarty. Unlike the traditional and  
popular methods such as Transit Photometry 
and Radial Velocity methods that can detect 
planets that are viewed almost edge-on only, 
this polarimetric method can detect and probe 
exoplanets orbiting with a broad range of 
orbital inclination angles. Thus, polarimetric 
techniques in the near future will open up a 
new window for the study of the exoplanets 
and enable us to overcome many of the 
limitations of the traditional techniques.         

Source: PIB                 
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Novel way to study extra-solar planet environments
Planets going around stars other than the Sun can be studied by observing the polarisation of light
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New clues to understand evolution of galaxies
Findings could advance understanding of ultra-fast outflows' role in evolution of galaxies

A group of scientists announced they had 
detected the gamma rays from a phenomenon 
known as an ultra-fast outflow for the first 
time. Scientists believe these outflows play an 
important role in regulating the growth of the 
black hole itself and its host galaxy. Using data 
gathered by the Large Area Telescope onboard 
NASA's Fermi Gamma-ray Space Telescope 
and a stacking technique combining signals 
too weak to be observed on their own, 
researchers detected gamma rays from ultra-
fast outflows in several nearby galaxies. The 
findings are published in The Astrophysical 
Journal. “Our gamma-ray observations show 
how supermassive black holes can transfer a 
large amount of energy to their host galaxy,” 
said Chris Karwin, a postdoctoral fellow at 
Clemson University and leader of the study. 
“Black holes are like powerful vacuum 
cleaners that eject some of the dirt that gets 
near them instead of sucking in everything,” 
said Marco Ajello, an associate professor at 
Clemson University who is co-leading the 
study. “These ejections, which are tsunami-
like winds, are made of highly ionized gas.” 
When this gas interacts with the matter that 

exists between star systems, it creates 
powerful shock waves. In this way, black 
holes transfer an enormous amount of energy 
to their host galaxies, explained Karwin. 
“These ultra-fast outflows act like a piston and 
actually accelerate charged particles, known 
as cosmic rays, to near the speed of light,” he 
said. These cosmic rays go on to collide with 
particles in the host galaxy, eventually 
producing the gamma rays that the scientists 
detected. “The gamma-ray emission encodes 

a ton of information,” said Rebecca Diesing, a 
graduate student at the University of Chicago 
and co-author on the paper. “That includes 
how it evolved, how it accelerates cosmic rays, 
and how it interacts with material in the host 
galaxy.”

The researchers used state-of-the-art 
computational modeling techniques to 
calculate how particles can be accelerated in 
astrophysical environments, especially at the 
powerful shock waves produced by the winds, 
and how such very energetic particles emit 
gamma-rays. Together, this information helps 
understand how these ultra-fast outflows 
evolve. These outflows affect the galaxies 
around them in multiple ways. For example, 
scientists think that these ultra-fast outflows 
inject energy into the galaxy, which breaks 
apart clouds of gas that might otherwise form 
into stars and feed the supermassive black 
hole. “This becomes a self-regulating 
processes, which physically links super-
massive black holes with their host galaxies, 
causing them to grow together,” said Diesing.

Source: University of Chicago

The mechanism behind one of the first stages 
of coal creation may not be what has long been 
thought, according to a team of researchers 
who found that microbes were responsible for 
coal formation and production of methane. 
The finding has implications for methane fuel 
recovery from some coal fields. The 
researchers looked at methoxyl groups in coal 
samples from around the world and used 
stable isotopes to show that organic material 
eventually becomes coal through microbial 
action. Max K. Lloyd of Penn State explain 
"microbes are directly consuming coal 
methoxyl groups, transforming coal and 
making methane." Their work is published in 
the journal Science. According to Lloyd, most 
coals used today in places like India and China 
are lignite or subbituminous, but these coals 
produce the largest amounts of greenhouse 
gases when burned. As a solution to this 
problem, methane wells in these coal beds — 
coal bed methane (CBM) — is attractive as a 

bridge away from fossil fuels, but "CBM 
production wells often have limited life 
spans."

Methoxyl groups in coal are turned into 
methane, but how methane forms from coal is 
poorly understood, according to the 
researchers. To better understand this process, 
the researchers looked at stable isotopes of 
carbon in the methoxyl groups left behind. 
When the researchers looked at methoxyl 
groups in  everything from wood to 
bituminous coal, they found that the profile of 
isotopes did not match what would be found if 

the creation of methane had occurred due to 
heat, acidity or catalytic reactions, but they did 
match the patterns expected from microbial 
action. "It turns out that aerobic microbes are 
great at degrading the rings in coal, but 
anaerobic microbes have no good way to take 
apart the rings," said Lloyd. "So, the only thing 
left for the anaerobes to do is cut off the 
methoxyl portions." These freed methoxyl 
groups are then converted to methane. But, 
once all the available methoxyl radicals are 
sheared from the rings, the microbes cannot get 
to anything else, and the reaction stops and the 
well runs dry. According to the researchers, the 
depletion of methoxyl groups in coal over time 
points to the coal itself being the limiting factor 
in methane production. So, adding more 
microbes or nutrients will not produce more 
methane and another approach would be 
necessary.

Source: Penn State University
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Deciphering coal creation
Researchers find that microbes were responsible for coal formation and production of methane
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Reconstruction of the brain's power source
Digital reconstruction of the Neuro-Glia-Vascular Architecture providing a new framework to study brain 

The EPFL Blue Brain Project has created the 
first digital reconstruction of the Neuro-Glia-
Vascular Architecture providing a new 
framework to study brain function in health 
and disease. The study, published in Cerebral 
Cortex, represents a major milestone: 
researchers can now reconstruct the 
architecture of non-neuronal entities such as 
blood vessels and the supporting cells called 
glia. These reconstructions of the brain tissue 
provide a sub-micron precise framework 
needed to simulate the molecular interactions 
relevant to understanding how neurons are 
supported and nurtured. “We created a data-
driven digital reconstruction of the Neuronal-
Glial-Vascular (NGV) architecture at sub-
micrometer resolution using Blue Brain's 
state-of-the-art model of neural micro-
circuitry. We combined the latter with 
literature and experimental data to reconstruct 
the spatial arrangement and morphologies of 
astrocytes and their relation to the vasculature 
in the rat cortex,” explains lead author, 
Eleftherios Zisis. “We digitally mapped the 
shape of glia using an electron microscope and 
then mathematically recreated their shapes. 

We then built a 0.2 mm3 of rat somatosensory 
cortical tissue with 16,000 morphologically 
detailed neurons, 2500 protoplasmic 
astrocytes, and its microvasculature. The 
consistency of our reconstruction with its 
wide array of experimental measurements 
allows novel predictions of the NGV 
organization. This allows anatomical 
reconstruction of overlapping astrocytic 
microdomains and quantification of end-feet 
(astrocytic terminals that wrap around blood 
vessels) connecting each astrocyte to the 
vasculature, as well as quantification of the 
extent to which they end-feet cover the blood 
vessels. This means we can look deeper into 
how the NGV system is organized and how it 
works. We were able to perform simultaneous 
measurements of both geometrical and 

functional aspects of the NGV, which is often 
difficult to perform with experimental setups,” 
he concludes.

“By assembling the statistics of neural tissue, a 
coherent picture emerges of how astrocytes are 
organized in the brain,” states Daniel Keller, 
leader of Blue Brain's Molecular Systems 
team. 

The Blue Brain  in si l ico anatomical 
reconstructions of the NGV seeks to minimize 
the costs and time required for scientific 
discoveries. Algorithmically generated NGV 
circuits can serve as a magnifying glass into 
the brain's complexity, allowing scientists to 
explore the geometry and topology of its cells 
and their connections. Moreover, the creation 
of multiple NGV circuits, each one with a 
different set of parameters that reflect 
organizational changes in brain anatomy, 
could allow for a better understanding of the 
anatomical principles and their geometric 
constraints. With these insights, scientists can 
develop more focused experiments, saving 
time and costs.

Source: EPFL
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'Encrypted' antimicrobial peptides
Researchers use algorithm to discover a new suite of antimicrobial peptides

While biologists and chemists race to develop 
new antibiotics engineers are approaching the 
challange through a different lens: finding 
naturally occurring antibiotics in the human 
genome.

The study, published in Nature Biomedical 
Engineering, was led by César de la Fuente, 
Presidential Assistant Professor in Bio-
engineering, Microbiology, Psychiatry, and 
Chemical and Biomolecular Engineering, 
spanning both Penn Engineering and Penn 
Medicine. “The human body is a treasure 
trove of information, a biological dataset. By 
using the right tools, we can mine for answers 
to some of the most challenging questions,” 
says de la Fuente. “We use the word 
'encrypted' to describe the antimicrobial 
peptides we found because they are hidden 
within larger proteins that seem to have no 
connection to the immune system, the area 
where we expect to find this function.” 
Antimicrobial peptides (AMPs) are small, 
naturally occurring molecules, produced by 
almost every living organism. “In this study, 

we applied a new way of using AI for 
antibiotic discovery in previously unre-
cognized places. 

The researchers' approach started with the 
physiochemical characteristics all AMPs 
have in common: They are 8 to 50 amino acids 
in length, positively charged, and possess both 
hydrophobic and hydrophilic parts. This new 
method operates like a search function to 
identify peptides with antimicrobial 
properties in genomes and proteomes. You 
would simply use the search function, set the 
parameters for the text you are looking for, 
and the algorithm would rapidly highlight all 
of the areas in the document that match,” says 
de la Fuente. The algorithm searched the 
proteome, the complete set of proteins in the 
body, and returned 43,000 peptides of 8 to 50 
amino acids in length, many of which were 
found in a new region of the proteome all 
together. This wide scope of potential 
antimicrobials was then filtered to 2,603 
peptides based on their fitness function 

inclusive of all the parameters.

To validate the antimicrobial properties of 
these algorithm-derived peptides, 55 were 
synthesized and exposed to eight different 
pathogens including E. coli and bacteria that 
cause staph infection and pneumonia. “We 
found that 63.6% of these 55 encrypted 
peptides displayed antimicrobial activity,” 
says de la Fuente. The team also tested the 
ability of the peptides to act synergistically and 
found that cocktails of peptides derived from 
the same biogeographic area within the body 
were able to potentiate their individual ability 
to fight off infection by 100-fold. When tested 
in vivo in relevant preclinical mouse models, 
these peptides again proved to fend off 
infection, decreasing the bacterial load by 
three orders of magnitude, an ability on par 
with known potent antibiotics and AMPs. 
Additionally, using these peptides as 
antibiotics in the mouse models did not lead to 
any signs of toxicity.

Source: University of Pennsylvania 
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Carbon-neutral fuel from microbes
Researchers discover a new way to train microbes to make a readily usable biofuel.

A team of biologists and engineers modified a 
microbe called Rhodopseudomonas palustris 
TIE-1 (TIE-1) so that it can produce a biofuel 
using only three renewable and naturally 
abundant source ingredients: carbon dioxide, 
solar panel-generated electricity and light. 
The results are reported in the journal 
Communications Biology. The study was led 
by Arpita Bose, associate professor of biology 
in Arts & Sciences from the McKelvey School 
of Engineering, Washington University. Bose 
said “Perhaps one of the most fascinating of 
microbial feeding techniques is one that uses 
microbial electrosynthesis (MES). Here we 
have harnessed the power of microbes to 
convert carbon dioxide into value-added 
multi-carbon compounds in a usable biofuel.” 
“The fuel we made, -butanol, has a high n
energy content and low tendency to vaporize 
or dissolve in water without combustion,” first 
author of the study is Wei Bai said. “This is 
especially true when compared with ethanol, 
which is a commonly used biofuel.” Microbes 

that feed through microbial electrosynthesis 
attach themselves directly to a negatively 
charged cathode inside the MES reactor so 
that they can “eat” electricity. Previous 
research from the Bose lab helped illuminate 
how microbes such as TIE-1 use electrons to 
fix carbon dioxide and also how they can be 
used to create sustainable bioplastics.

As scientists learn more about these microbes, 
their potential uses are more and more 
promising, Bose said, though she ackno-
wledged that improvements are needed before 

the techniques can be rolled out on industrial 
scales. To explore how TIE-1 could be 
exploited to produce biofuel, Bai and Bose 
constructed a mutant form of the microbe that 
could not fix nitrogen. The scientists then 
introduced an artificial -butanol biosynthesis n
pathway into this new mutant. The form of the 
microbe they built was unable to grow when 
nitrogen gas was its only nitrogen source. So 
instead, this version of TIE-1 channeled its 
effort into producing -butanol — increasing n
its yield of biofuel without increasing 
electricity consumption significantly. “To the 
best of our knowledge, this study represents 
the first attempt for biofuel production using a 
solar panel-powered microbial electro-
synthesis platform, where carbon dioxide is 
directly converted to liquid fuel,” Bai said. 
“We hope that it can be a steppingstone for 
future sustainable solar fuel production.”

Source: Washington University St, Louis 
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Next-generation glass
Cracked and blurry phone screens could someday be a thing of the past, suggests a new study from

The international team of researchers has 
developed technology for next-generation 
composite glass, for use in lighting LEDs, 
smartphones, TVs and computer screens. The 
materials are based on materials called lead-
halide perovskites, which can trap light and 
store energy, like miniature solar panels. The 
results, published in the journal Science, could 
enable the manufacture of glass screens that 
are less prone to cracking, but also deliver 
crystal clear image quality. The results are a 
step forward in perovskite nanocrystal 
technology as previously, researchers were 
only able to produce this technology in the 
bone-dry atmosphere of a laboratory setting. 
“These nanocrystals are extremely sensitive to 
light, heat, air and water – even water vapour 
in our air would kill the current devices in a 
matter of minutes,” said Dr Jingwei Hou from 
the University of Queensland (UQ), the 
paper's first author.

The team of chemical engineers and material 
scientists has developed a process to wrap or 
bind the nanocrystals in porous glass. This 

process is key to stabilising the materials, 
enhancing their efficiency and preventing the 
toxic lead ions from leaching out from the 
materials. “It was surprising to see the 
retention of the high temperature functional 
form in the glass,” said co-senior author Dr 
Thomas Bennett from Cambridge's Depar-
tment of Materials Science and Metallurgy. 
“This is an example of how fundamental 
science leads to fantastic discoveries and a 
possible real-life application of metal-organic 
framework glasses.” The researchers say the 
technology is scalable and opens the door for 
many potential applications. “At present 
QLED or quantum dot light-emitting diode 
screens are considered the top performer for 

image display and performance,” said Hou. 
“This research will enable us to improve on 
this nanocrystal technology by offering 
stunning picture quality and strength.” “Not 
only can we make these nanocrystals more 
robust but we can tune their opto-electronic 
properties with fantastic light emission 
efficiency and highly desirable white light 
LEDs.” said co-author Professor Vicki Chen, 
also from UQ. “This discovery opens up a new 
generation of nanocrystal-glass composites for 
energy conversion and catalysis.” The 
researchers say that a lot of optimisation work 
still needs to be carried out before any products 
based on the material could be made 
commercially available. “There are a huge 
amount of different combinations and it's 
definitely going to be a big effort to determine 
which components seem to give the best 
combinations,” said Bennett.

Source: University of Cambridge
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Energy generation from microalgae
Energy is produced as the algae undergoes photosynthesis, which is the process used by plants, algae, and 

certain bacteria

A s tudy by  Nanyang Technologica l 
University, Singapore (NTU Singapore) 
scientists showed how encasing algae protein 
in liquid droplets can dramatically enhance 
the algae's light-harvesting and energy-
conversion properties by up to three times. 
This energy is produced as the algae 
undergoes photosynthesis. Artificial photo-
synthesis may be a sustainable way of 
generating electricity that does not rely on 
fossil fuels or natural gas, which are non-
renewable. The study, led by Assistant 
Professor Chen Yu-Cheng from the School of 
Electrical and Electronic Engineering, looked 
at a particular type of protein found in red 
algae. These proteins, called phyco-
biliproteins, are responsible for absorbing 
light within algae cells to kick-start photo-
synthesis. Chen said: “Due to their unique 
light-emitting and photosynthetic properties, 
phycobiliproteins have promising potential 
applications in biotechnology and solid-state 
devices. Boosting the energy from the light-
harvesting apparatus has been at the centre of 

development efforts for organic devices that 
use light as a power source.”

The team's research may lead towards a new, 
sustainable way of generating electricity from 
sunlight that does not rely on fossil fuels or 
natural gas, which are non-renewable. New 
bio-inspired technology based on phyco-
biliproteins could be used to make more 
efficient solar cells and paves the way for 
greater efficiency within artificial photo-
synthesis.

Using algae as a source of biological energy is 
a popular topic of interest in sustainability and 
renewable energy, as algae usage potentially 
reduces the amount of toxic by-products 
created in the manufacturing of solar panels. 
The findings were published and selected as 
the cover of scientific journal ACS Applied 
Materials Interfaces. In order to amplify the 
amount of energy that algae can generate, the 
research team developed a method to encase 
red algae within small liquid crystal micro-
droplets that are 20 to 40 microns in size and 

exposed them to light. When light hits the 
droplet, an effect known as the “whispering-
gallery mode” occurs, in which light waves 
travel around the curved edges of the droplet. 
Light is effectively trapped within the droplet 
for a longer period of time, giving more 
opportunity for photosynthesis to take place, 
hence generating more energy. The energy 
generated during photosynthesis in the form of 
free electrons can then be captured through 
electrodes as an electrical current. “The 
droplet behaves like a resonator that confines a 
lot of light,” said Asst Prof Chen. “This gives 
the algae more exposure to light, increasing 
the rate of photosynthesis. A similar result can 
be obtained by coating the outside of the 
droplet with the algae protein too.” The 
droplets can be easily produced in bulk at low 
cost, making the research team's method 
widely applicable.

Source: Nanyang Technological University, 
Singapore
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Building 'healthy' bacteria
A biosensor, using E. coli as a starting point from which to build a system that can detect individual chemicals in 

a person's gut

Tae Seok Moon, associate professor in the 
Department of Energy, Environmental & 
Chemical Engineering at the McKelvey 
School of Engineering at Washington 
University in St. Louis developed genetically 
engineered bacteria that can monitor chemical 
production from inside a person's gut and fix 
any imbalances. His research was published in 
the journal Cell Systems. Moon's method 
involves the development of a “bacterial 
sensor” that can detect certain chemicals in a 
person's gut. He has been working on similar 
sensors in his lab with the goal of ultimately 
genetically engineering a type of modular 
system with different sensors. He had already 
developed sensors for temperature, pH, 
oxygen levels, light, pollutants and other 
disease-related chemicals.  Moon isn't the first 
person to develop such sensors, but until now, 
they have mostly suffered from lack of 
specificity. Sensors can have difficulty when it 
comes to differentiating between similarly 
structured molecules.  “Specificity in 
engineering is one of the big challenges,” 

Moon said. “But we have proved that this can 
be done.” The proof is in the genetically 
engineered Escherichia coli Nissle 1917  
(EcN) bacterium, which has a sensor for one 
— and only one — type of molecule.

The team was able to start with a sensor 
pathway found naturally in bacteria. First 
author Austin Rottinghaus, a PhD student in 
Moon's lab, and other lab members used 
computer modeling to explore how mutations 
would affect the pathway's sensitivity. The 
researchers were able to develop a sensor 
pathway that was sensitive to the molecules 

they were interested in — and only those 
molecules. The sensors were incorporated into 
EcN, turning the bacteria into precision 
hunters. They could discriminate between 
phenylalanine (Phe) and tyrosine (Tyr), two 
structurally similar molecules associated with 
the disorders (PKU) and type 2 tyrosinemia, 
respectively.  The team also developed sensors 
for the similarly structured phenylethylamine 
(PEA) and tyramine (Tyra) — both found in 
food and in the gut.  These kinds of engineered 
organisms can be useful beyond a medical 
setting. They also can be used to monitor food 
quality or to regulate pathways for microbial 
metabolic engineering, the processes used to 
create many pharmaceuticals, fuels, or other 
chemicals. About 95 percent of the hormone 
serotonin is synthesized by bacteria in the gut. 
When this and other neurotransmitters are out 
of whack, a person can suffer greatly, Moon 
said. He wants to put an end to this suffering.

Source: Washington University St, Louis 
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'Mouldable' wood materials
New technique for moulding wood and creating stronger,  more sustainable and durable materials

Reshaping a piece of wood may conjure 
images of woodcarving or whittling, but more 
recent pursuits have attempted to break down 
the cellular structures within wood to create 
more sustainable and durable materials. A new 
study published in science details an 
innovative new process that breaks down the 
wood's cell walls and allows the material to be 
reconstituted via a “water-shock” treatment. 
The study, led by a research team at the 
University of Maryland and which included 
Yuan Yao, assistant professor of industrial 
ecology and sustainable systems at YSE, 
started by breaking down the wood's lignin 
component — the wood's cell walls that give it 
strength. The broken fibers were then closed 
by evaporating water, then the wood was “re-
swelled” in “a rapid water-shock process that 
selectively opens the vessels.” The resulting 
material has a wrinkled cell wall structure that 
allows the material to be molded into desired 
shapes as 3D-molded wood — with a 
constitution six times stronger than the 

original wood material and comparable to 
other lightweight materials, like aluminum 
alloys. The strong mechanical property, the 
research team says, could “widen wood's 
potential as a structural material, with lower 
environmental impact for buildings and 
transportation applications.”

Yao, a faculty member at the Center for 
Industrial Ecology, performed a critical life-
cycle assessment (LCA) to understand the 
environmental impacts of 3D-molded wood 
compared to aluminum alloy. LCA is a critical 
tool used in industrial ecology to quantify the 
environmental implications of a product 
across its life cycle. Yao also used LCA to 
determine if the process could be optimized 
from a sustainability perspective. She 
identified that the largest contributor to the 
overall environmental impact would be the 
energy usage of the wood treatment, which 
could be reduced greatly by shortening the 
processing time. Because further studies must 
be conducted to determine the impact of large-

scale applications, Yao says, future research 
will investigate the potential impact this 
technology and broad applications could have 
on the forests. “We are considering where the 
wood should come from, how we can use this 
process to support sustainable forest 
management practices, and how this process 
would affect current wood supply and 
demand,” Yao says. Yao's research examines 
the environmental and economic impacts of 
emerging technologies and industrial 
processes, integrating interdisciplinary 
approaches from the fields of industrial 
ecology, sustainable engineering, and systems 
modeling to develop techniques that promote 
more sustainable engineering approaches and 
policies. She led a groundbreaking study 
earlier this year that created a high-quality 
bioplastic from wood byproducts that is 
recyclable, biodegradable and has a lower life-
cycle environmental impact.

Source: University of Maryland
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Predictable behavior in material for computer memory
Researchers discover unexpectedly familiar behavior in the antiferroelectric material known as zirconium 

dioxide, or zirconia.

In the last few years, a class of materials called 
antiferroelectrics has been increasingly 
studied for its potential applications in modern 
computer memory devices. Research has 
shown that antiferroelectric-based memories 
might have greater energy efficiency and 
faster read and write speeds than conventional 
memories, among other appealing attributes. 
Further, the same compounds that can exhibit 
antiferroelectric behavior are already 
integrated into existing semiconductor chip 
manufacturing processes. Now, a team led by 
Georgia Tech researchers has discovered 
unexpectedly familiar behavior in the 
antiferroelectric material known as zirconium 
dioxide, or zirconia. They show that as the 
microstructure of the material is reduced in 
size, it behaves similarly to much better 
understood materials known as ferroelectrics. 
The findings were recently published in the 
journal .Advanced Electronic Materials

Miniaturization of circuits has played a key 
role in improving memory performance over 
the last fifty years. Knowing how the 

properties of an antiferroelectric change with 
shrinking size should enable the design of 
more effective memory components. The 
researchers also note that the findings should 
have implications in many other areas besides 
memory.

"Antiferroelectrics have a range of unique 
properties like high reliability, high voltage 
endurance, and broad operating temperatures 
that makes them useful in a wealth of different 
devices, including high-energy-density 
capacitors, transducers, and electro-optics 
circuits.” said Nazanin Bassiri-Gharb, 
coauthor of the paper and professor in the 
Woodruff School of Mechanical Engineering 
and the School of Materials Science and 
Engineering at Georgia Tech. “But size 
scaling effects had gone largely under the 
radar for a long time.” “You can design your 
device and make it smaller knowing exactly 
how the material is going to perform,” said 
Asif Khan, coauthor of the paper.

In the new work, the researchers discovered 
that zirconia antiferroelectrics also obey 

something like a Janovec–Kay–Dunn (JKD) 
law. However, unlike for ferroelectrics, the 
microstructure of the material plays a key role. 
The strength of the critical field scales in the 
JKD pattern specifically with respect to the 
size of structures known as crystallites within 
the material. For a smaller crystallite size, it 
takes a stronger critical field to switch an 
antiferroelectric material into its ferroelectric 
phase, even if the thinness of the sample 
remains the same. “There had not been a 
predictive law that dictates how the switching 
voltage will change as one miniaturizes these 
antiferroelectric oxide devices,” said Khan. 
“We've found a new twist on an old law.” 
“Finding two very different types of materials 
– ferroelectric and antiferroelectrics with 
different atomic structures – to follow similar 
behaviors and laws is particularly exciting,” 
said Bassiri-Gharb. “It opens doors for 
searching  for  more  s imi la r i t ies  and 
transferring more of our knowledge across the 
fields.” 

Source: Georgia Tech
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Detecting milk adulteration
New method to test for the presence of urea and water that can be extended to other adulterants also

Researchers at Indian Institute of Science 
(IISc) have developed a low-cost and 
effective method to detect adulterants in milk, 
by merely analysing the deposition patterns 
after evaporation. The team used the method 
to test for the presence of urea and water, the 
most common adulterants, and suggest that 
the technique can be extended to other 
adulterants also.

In their study, the researchers looked at 
evaporative deposition patterns – those that 
emerge when a liquid mixture like milk 
completely evaporates, causing volatile 
components to dissipate and solids or non-
volatile components to arrange themselves in 
distinctive patterns. Milk with and without 
water or urea showed very different 
evaporative patterns. In unadulterated milk, 
the evaporative pattern consisted of a central, 
irregular blob-like pattern. Water was found to 
cause distortion or complete loss of this 
distinctive pattern, depending on how much of 

it is added. Urea also completely erases the 
central pattern. Being a non-volatile 
substance, it does not evaporate but instead 
crystallises, starting at the interior of the milk 
drop and extending along the periphery.

Current techniques such as lactometers look 
for changes in the freezing point of milk to 
detect the presence of water, but they have 
certain limitations. For instance, the freezing 
point technique can detect water only up to 
3.5% of the total milk concentration. In 
addition, although biosensors with high 
sensitivity are available to test for urea, they 
are expensive, and their accuracy tends to 

decrease with time. The IISc team, on the other 
hand, was able to detect water concentrations 
as high as 30% and urea concentrations in 
diluted milk as low as 0.4% using pattern 
analysis. The technique was designed by Dr. 
Virkeshwar Kumar, a postdoctoral researcher, 
and Susmita Dash, Assistant Professor in the 
Department of Mechanical Engineering at the 
Institute. They have published a report on their 
work in the journal ACS Omega. The test does 
not require a laboratory or any other 
specialised process. “It can be done in any 
place. It can be easily adapted for use even in 
remote areas and rural places,” said Dr Kumar. 
He and Dr. Dash believe that this technique can 
potentially be extended to test for adulterants 
in other beverages and products too. They 
noted that the simplicity of this method may 
also lend itself to easy automation, once the 
patterns for adulterants and their combinations 
are standardised. 

Source: India Science Wire

Engineering Sciences - Robotics

Tiny robot that mimics starfish larval movement
In the future, such micro swimmers could deliver drugs to diseased cells with pinpoint accuracy

A research group at ETH Zurich has 
developed a microrobot design inspired by 
starfish larva, which use ciliary bands on their 
surface to swim and feed. The ultrasound-
 activated synthetic system mimics the natural 
arrangements of starfish ciliary bands and 
leverages nonlinear acoustics to replicate the 
larva's motion and manipulation techniques. 
At first glance, the microrobots bear only 
scant similarity to starfish larva. But the two 
do share one important feature: a series of fine, 
movable hairs on the surface, called cilia. 
These cilia were the key design element for the 
new microrobot developed by ETH resea-
rchers led by Daniel Ahmed, who is a 
Professor of Acoustic Robotics for life 
sciences and healthcare. “In the beginning,” 
Ahmed said, “we simply wanted to test 
whether we could create vortices similar to 
those of the starfish larva with rows of cilia 
inclined toward or away from each other. To 
this end, the researchers used photo-
lithography to construct a microrobot with 

appropriately inclined ciliary bands. They 
then applied ultrasound waves from an 
external source to make the cilia oscillate. The 
synthetic versions beat back and forth more 
than ten thousand times per second – about a 
thousand times faster than those of a starfish 
larva. And as with the larva, these beating cilia 
can be used to generate a vortex with a suction 
effect at the front and a vortex with a thrust 
effect at the rear, the combined effect 
“rocketing” the robot forward.

In their lab, the researchers showed that the 

microrobots can swim in a straight line through 
liquid such as water. Adding tiny plastic beads 
to the water made it possible to visualize the 
vortices created by the microrobot. The result 
is astonishing: both starfish larva and 
microrobots generate virtually identical flow 
patterns. Next, the researchers arranged the 
ciliary bands so that a suction vortex was 
positioned next to a thrust vortex, imitating the 
feeding technique used by starfish larva. This 
arrangement enabled the robots to collect 
particles and send them out in a predetermined 
direction. Ahmed is convinced that this new 
type of microrobot will be ready for use in 
medicine in the foreseeable future. In addition 
to medical applications, Ahmed anticipates 
this starfish- inspired design to have important 
implications for the manipulation of smallest 
liquid volumes in research and in industry. 

Source: ETH Zurich
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Driving growth and puberty using energy status information
Brain uses information about the body's energy balance to regulate growth rate and the onset of puberty in children

Scientists have identified how a protein in the 
brain uses information about the body's 
energy balance to regulate growth rate and the 
onset of puberty in children. The research 
published in the journal Nature, centered on 
the melanocortin 3 receptor (MC3R), a 
member of a family of proteins that have long 
been known to play central roles in 
metabolism and energy balance. University of 
Michian physiologist Roger Cone and 
colleagues discovered the MC3R gene more 
than 20 years ago and demonstrated that mice 
lacking this protein exhibit reduced linear 
growth, reduced lean mass and increased 
obesity. 

Now, an international team of scientists led by 
Sir Stephen O'Rahilly at the Wellcome-MRC 
Institute of Metabolic Science, University of 
Cambridge, has revealed for the first time how 
d e f e c t s  i n  t h e  M C 3 R  t r a n s l a t e  t o 
humans—with results strikingly similar to the 
findings in mice. The O'Rahilly team reports 
identification of the first individual with 
mutations in both copies of the MC3R gene, 

leaving the person with no functioning MC3R. 
Such cases are extremely rare, perhaps 
occurring in as little as one in a billion people. 
This individual showed phenotypes, or 
physical traits, that were nearly identical to 
mice with no MC3R. Using data from UK 
Biobank and the Avon Longitudinal Study of 
Parents and Children, the team analyzed the 
phenotypes in volunteers with mutations in 
one copy of the gene that encodes the MC3R. 
These individuals displayed shorter body 
height and reduced lean mass compared with 
those who had no MC3R mutations. “In terms 
of melanocortins, every phenotype that we 
have observed in the mouse has ultimately 

been found to be replicated in humans,” said 
Cone, director of the U-M Life Sciences 
Institute and an author of the new study. 

Additionally, O'Rahilly discovered one new 
phenotype in people with MC3R mutations: a 
long delay in the onset of puberty in the patient 
lacking MC3R, and subtle but significant 
delays in volunteers from the UK Biobank 
with mutations in only one copy of the gene. 
Due to the discovery of only a single patient 
with loss of both copies of the MC3R gene, the 
researchers also used mouse gene knockout 
models to confirm and further understand the 
findings. “These types of experiments give us 
important new understanding of the body's 
metabolic and reproductive pathways, but they 
obviously cannot be done in humans,” said 
Cone. “This research illustrates the critical 
role of animal models for studying the 
fundamentals of physiology, which can then 
be translated to human health and disease.”

Source: University of Michigan 

Medical Sciences - Genetics

Irritable bowel syndrome and mental health
Close relationship between brain and gut health and paves the way for development of new treatments

The research team, including more than 40 
institutions and coordinated by scientists in 
UK and Spain, looked at genetic data from 
40,548 people who suffer with Irritable Bowel 
Syndrome (IBS) from the UK Biobank and 
12,852 from the Bellygenes initiative and 
compared them to 433,201 people without 
IBS, focusing on individuals of European 
ancestry. The findings were repeated with de-
identified data from the genomics company 
23andMe Inc., by comparing 205,252 people 
with IBS to 1,384,055 controls. The results 
published in Nature Genetics showed that 
overall, heritability of IBS is quite low, 
indicating the importance of environmental 
factors such as diet, stress and patterns of 
behaviour that may also be shared in the 
family environment. However, six genetic 
differences (influencing the genes NCAM1, 
CADM2, PHF2/FAM120A, DOCK9, 
CKAP2/TPTE2P3 and BAG6) were more 
common in people with IBS than in controls. 
Most of the altered genes appear to have more 
clear-cut roles in the brain and possibly the 

nerves which supply the gut, rather than the 
gut itself.

Researchers also looked for overlap between 
susceptibility to IBS and other physical and 
mental health conditions. They found that the 
same genetic make-up that puts people at 
increased risk of IBS also increases the risk 
for common mood and anxiety disorders such 
as anxiety, depression, and neuroticism, as 
well as insomnia. However, the researchers 
stress that this doesn't mean that anxiety 
causes IBS symptoms or vice versa. Study co-
senior investigator and consultant gastro-
enterologist Professor Miles Parkes explained 

“IBS is a common problem, and its symptoms 
are real and debilitating. Although IBS occurs 
more frequently in those who are prone to 
anxiety, we don't believe that one causes the 
other – our study shows these conditions have 
shared genetic origins, with the affected genes 
possibly leading to physical changes in brain or 
nerve cells that in turn cause symptoms in the 
brain and symptoms in the gut.” The study also 
found that people with both IBS and anxiety 
were more likely to have been treated 
frequently with antibiotics during childhood. 
The study authors hypothesise that repeated 
use of antibiotics during childhood might 
increase the risk of IBS. Co-senior investigator 
Dr Luke Jostins commented “We anticipate 
that future research will build on our 
discoveries, both by investigating the target 
genes identified and exploring the shared 
genetic risk across conditions to improve 
understanding of the disordered brain-gut 
interactions which characterise IBS.”

Source: University of Cambridge



DISCOVERIES & INNOVATIONS

39 The Scitech Journal Volume 08 Issue 12 December  2021

Medical Sciences - Genetics

Nutritional state and regulation of growth and age
How a receptor in the brain detects the nutritional state of the body and regulates the timing of puberty

New findings published in the journal Nature, 
may explain how humans have been growing 
taller and reaching sexual maturity earlier 
over the past century. It was already known 
that signals reach the brain to indicate the 
body's nutritional state, such as the hormones 
leptin, produced in adipose (fat) cells, and 
insulin, produced in response to increases in 
blood sugar levels. In a part of the brain called 
the hypothalamus, these hormones act on a 
small group of neurons that produce signals 
called melanocortins. The melanocortins act 
on a variety of receptors, two of which are 
present in the brain. One of these, the 
melanocortin 4 receptor (MC4R) has 
previously been shown to regulate appetite 
and lack of MC4R results in obesity.

Now, a study, led by researchers from the 
MRC Metabolic Diseases Unit and the MRC 
Epidemiology Unit at the University of 
Cambridge, with collaborators from Queen 
Mary University of London, University of 

Bristol ,  Universi ty of Michigan and 
Vanderbilt University, has discovered a role 
for the brain's other melanocortin receptor, 
which is known as the melanocortin 3 receptor 
(MC3R).  They found that in response to 
nutritional signals the MC3R system controls 
the release of key hormones regulating growth 
and sexual maturation.

To show the link in humans, the scientists 
searched amongst the half a million volunteers 
in UK Biobank for people with naturally 
occurring genetic mutations that disrupt the 
function of the MC3R. They identified a few 
thousand people who carried various 
mutations in the gene for MC3R and found 
these people were on average shorter and went 
into puberty later than those with no mutation. 
People with mutations that reduced the 
function of MC3R were also shorter and had 
lower amounts of lean tissue, such as muscle, 
but it had no influence on how much fat they 
carried. To confirm these findings in children, 

they studied almost 6,000 participants from 
the Avon Longitudinal Study of Parents and 
Children (ALSPAC) and identified six 
children with mutations in MC3R. The six 
children were shorter and had lower lean mass 
and weight throughout childhood, showing 
that this effect starts very early in life.

All the people identified in these studies had a 
mutation in only one of the two copies of the 
gene. Finding mutations in both copies of the 
gene is vanishingly rare, but in another cohort 
the researchers were able to identify an 
individual in the Genes and Health study with 
a very damaging mutation in both copies of the 
gene. This person was very short and went into 
puberty after the age of 20. This same 
phenomenon linking adequate nutritional 
body stores to reproductive maturity is known 
to be present right across the animal kingdom.

Source: University of Cambridge

Medical Sciences - Immunology

'Chaperone' proteins and immune system overreactions
Special proteins in the blood prevent our immune system from harming our own cells with overproduced 

molecules

Scientists have discovered how special 
proteins in the blood prevent our immune 
system from harming our own cells with 
overproduced molecules. The research, led by 
Imperial College London scientists and 
published in Nature Communications, 
provides insights into how our body keeps the 
immune system in check. It could also point to 
how special chaperone proteins can prevent 
the accumulation of other harmful molecules, 
such as those associated with Alzheimer's 
disease. The team studied membrane attack 
complexes (MACs) – components of our 
immune system that punch minute holes in the 
membrane of invading bacteria. If enough 
holes are punched, the bacteria will pop and 
die. The immune system therefore creates 
loads of MACs when an invader is detected, 
but not all of these reach their targets, meaning 
many end up in the bloodstream, where they 
could potentially damage the body's own cells. 
Scientists knew special chaperone proteins – 
called clusterin and vitronectin – helped to 
prevent these MACs from causing unwanted 
attacks but didn't know how. Now, the team 

from Imperial and institutions in the 
Netherlands have managed to capture and 
investigate in unprecedented detail MAC 
precursor molecules bound to the chaperone 
proteins, revealing how the chaperones stop 
MACs becoming fully functional.

Lead researcher Dr Doryen Bubeck, from the 
Department of Life Sciences at Imperial, said: 
“When a pathogen is detected, our immune 
system goes into overdrive to make MACs 
and not all of them reach their bacterial 
targets. Here we discovered how chaperones 
in the blood capture rogue molecules and 
prevent them from damaging human cells. 

“Seeing how these proteins stop MAC 
provides the first clues into how this branch of 
the immune system can be controlled and 
shows us how these chaperones might capture 
other harmful proteins in the blood.” From 
their detailed investigation, the team showed 
that clusterin attaches to a precursor version of 
MACs that is dissolved in the bloodstream. It 
then prevents the MAC from building up more 
of the components it needs to fully assemble 
and carry out its hole-punching attack. It's this 
prevention of build-up of further material that 
the researchers say could provide interesting 
insights into other material accumulations. For 
example, beta-amyloid fibres, if they are 
allowed to accumulate, can lead to the plaques 
that characterise Alzheimer's disease. First 
author Anaïs Menny said “If clusterin uses the 
same method to recognise and prevent beta-
amyloid accumulation as it does for MACs, 
then we could get some really interesting 
insights into how the early precursors to 
Alzheimer's disease arise.”

Source: Imperial College London
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Treating skin infections using bacteria
Researchers identify a bacterium on healthy cats that produces antibiotics against severe skin infections

Researchers at University of California San 
Diego School of Medicine used bacteria 
found on healthy cats to successfully treat a 
skin infection on mice. These bacteria may 
serve as the basis for new therapeutics against 
severe skin infections in humans, dogs and 
cats. The study, published in eLife was led by 
Richard L. Gallo, Distinguished Professor and 
chair of the Department of Dermatology at 
UC San Diego School of Medicine, whose 
team specializes in an approach known as 
“bacteriotherapy.”  “Our health absolutely 
depends on the 'good' bacteria,” said Gallo. 
“They rely on our healthy skin to live, and in 
return some of them protect us from 'bad' 
bacteria. But if we get sick, 'bad' bacteria can 
take advantage of our weakened defenses and 
cause infection.” This is the case with 
methicillin-resistant Staphylococcus pseudi-
ntermedius (MRSP), a bacterium commonly 
found on domesticated animals that becomes 
infectious when the animals are sick or 

injured. MRSP is an emerging pathogen that 
can jump between species and cause severe 
atopic dermatitis, or eczema. These infections 
are common in dogs and cats, and can also 
occur in humans. As its name suggests, MRSP 
is resistant to common antibiotics and has been 
difficult to treat in clinical and veterinary 
settings.

To address this, researchers first screened a 
library of bacteria that normally live on dogs 
and cats and grew them in the presence of 
MRSP. From this, they identified a strain of 
cat bacteria called Staphylococcus felis (S. 
felis) that was especially good at inhibiting 
MRSP growth. They found that this special 
strain of S. felis naturally produces multiple 
antibiotics that kill MRSP by disrupting its 
cell wall and increasing the production of toxic 
free radicals. “The potency of this species is 
extreme,” said Gallo. “It is strongly capable of 
killing pathogens, in part because it attacks 

them from many sides — a strategy known as 
'polypharmacy.' This makes it particularly 
attractive as a therapeutic.”

Bacteria can easily develop resistance to a 
single antibiotic. To get around this, S. felis has 
four genes that code for four distinct 
antimicrobial peptides. Each of these 
antibiotics is capable of killing MRSP on their 
own, but by working together, they make it 
more difficult for the bacteria to fight back. 
Having established how S. felis kills the 
MRSP, the next step was to see whether it 
could work as a therapy on a live animal. The 
team exposed mice to the most common form 
of the pathogen and then added either S. felis 
bacteria or bacterial extract to the same site. 
The skin showed a reduction in scaling and 
redness after either treatment, compared with 
animals that had no treatment. There were also 
fewer viable MRSP bacteria left on the skin 
after treatment with S. felis.

Medical Sciences - Neuroscience

Cause of Alzheimer's progression
Researchers use human data to quantify the speed of different processes that lead to Alzheimer's disease

The international team, led by the University 
of Cambridge, found that instead of starting 
from a single point in the brain and initiating a 
chain reaction which leads to the death of 
brain cells, Alzheimer's disease reaches 
different regions of the brain early. How 
quickly the disease kills cells in these regions, 
through the production of toxic protein 
clusters, limits how quickly the disease 
progresses overall. The researchers used post-
mortem brain samples from Alzheimer's 
patients, as well as PET scans from living 
patients, who ranged from those with mild 
cognitive impairment to those with late-stage 
Alzheimer's disease, to track the aggregation 
of tau, one of two key proteins implicated in 
the condition.

In Alzheimer's disease, tau and another protein 
called amyloid-beta build up into tangles and 
plaques – known collectively as aggregates – 
causing brain cells to die and the brain to 
shrink. This results in memory loss, 
personality changes and difficulty carrying 
out daily functions.

By combining five different datasets and 

applying them to the same mathematical 
model, the researchers observed that the 
mechanism controlling the rate of progression 
in Alzheimer's disease is the replication of 
aggregates in individual regions of the brain, 
and not the spread of aggregates from one 
region to another. The results, reported in the 
journal Science Advances, open up new ways 
of understanding the progress of Alzheimer's 
and other neurodegenerative diseases, and 
new ways that future treatments might be 
developed.

“The thinking had been that Alzheimer's 
develops in a way that's similar to many 

cancers: the aggregates form in one region and 
then spread through the brain,” said Dr Georg 
Meisl from Cambridge's Yusuf Hamied 
Department of Chemistry, the paper's first 
author. “But instead, we found that when 
Alzheimer's starts there are already aggregates 
in multiple regions of the brain, and so trying to 
stop the spread between regions will do little to 
slow the disease.” This is the first time that 
human data has been used to track which 
processes control the development of 
Alzheimer's disease over time.  “This research 
shows the value of working with human data 
instead of imperfect animal models,” said co-
senior author Professor Tuomas Knowles, also 
from the Department of Chemistry.  The 
researchers say their methodology could be 
used to help the development of treatments for 
Alzheimer's disease by targeting the most 
important processes that occur when humans 
develop the disease. In addition, the meth-
odology could be applied to other neuro-
degenerative diseases, such as Parkinson's 
disease.  

Source: University of Cambridge
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Huntington's brain aggregates
Novel insights into the ultrastructure and biochemical composition of huntingtin aggregates, the mark of 

Huntington's disease

Huntington's disease is caused by a mutation 
in the gene that encodes huntingtin, a protein 
that normally plays important roles in keeping 
brain cells healthy and active. But the 
mutation “gives” huntingtin an abnormally 
long tail of glutamine amino acids, which 
cause huntingtin to aggregate inside neurons 
and eventually kill them. These aggregates, or 
“inclusion bodies”, of huntingtin have been 
the subject of a lot of research efforts in the 
attempt to find a way to understand and treat 
Huntington's. What has been missing though 
is a deep analysis of the inclusions' 
ultrastructure. Using advanced microscopy 
and proteomics, scientists led by Hilal 
Lashuel at EPFL, in collaboration with the 
Biological Electron Microscopy Facility, 
have now successfully carried out the first 
study that interrogates both the ultrastructure 
of huntingtin inclusion bodies and their 
composit ion in cells  that  model the 
pathological formation of Huntington's 
disease. The work is published in Nature 
Communications.

The researchers used correlative light-

electron microscopy (CLEM) that can 
ident i fy  inclus ions  in  di fferent  cel l 
compartments and study their structural and 
organizational features of inside cultured 
neurons. CLEM essentially combines an 
electron microscope with a fluorescence 
microscope. The first provides high-resolution 
information down to the nano-scale, while the 
fluorescence microscope can (literally) 
highlight regions of interest. The researchers 
also used electron tomography, which allowed 
them to visualize individual aggregates within 
these inclusions. 

The study found that the aggregation of 
huntingtin and the formation of inclusions in 
the cytoplasm and nucleus of neurons occurs 

through different mechanisms, lead to distinct 
biochemical and ultrastructural properties. 
What this means is that these two types of 
inclusions may also be toxic through different 
ways, meaning that treatments must employ 
different strategies to address their formation, 
maturation, and toxicity. The study also 
suggests that finding ways to modify the 
growth of inclusions and their interactions 
with other proteins and organelles is a valid, 
alternative or complementary strategy for 
slowing the progression of Huntington's, 
especially after disease onset. “Our findings 
also caution against the use of large 
fluorescent protein tags to develop disease 
models of HD and screen for drugs that modify 
Huntingtin aggregation and inclusion 
formation,” says Lashuel. “Our work opens up 
new insights into the composition and 
ultrastructure of huntingtin inclusions,” he 
concludes. “They advance our understanding 
of the mechanisms of huntingtin aggregation 
but also point to new directions for therapeutic 
interventions, which we plan to pursue.”

Source: EPFL

Physical science - Physics

Novel 'shapeshifting' liquid crystal
Scientists change the shape of a flat liquid crystal surface without applying any local stimulus

Physicists at Case Western Reserve University 
and Tufts University say they've changed the 
shape of a flat liquid crystal surface without 
applying any local stimulus—essentially 
remotely altering its physical appearance 
without touching it. “This is a ground-
breaking accomplishment and could prove to 
be the starting point for future applications,” 
said Charles Rosenblatt, one of project's lead 
researchers. “Right now, this work is 
foundational, but it will be built upon by our 
team and others and new applications could 
someday become reality.” The team took a 
new route, managing to change the liquid 
crystal surface simply by placing a “bumpy” 
or patterned substrate on the opposite side of a 
thin film in which the molecules are aligned in 
parallel. The result: an identically bumpy 
shape where there “should” be a flat, 
undisturbed surface. The research team's work 

was published in the journal Physical Review 
Letters.

Future applications could lead to impr-
ovements in microchips and even the 
development of fluid microscopic tools that 
could perform repairs less invasively, flowing 
back into their original shape after use. “Think 
of what water does when you put your hand 
into a bucket and take it back out: It returns to 
its original shape,” said Andrew Ferris, now a 
staff physicist at Sandia National Laboratory 
in Albuquerque, New Mexico.  Atherton said 
this new work suggests an even more exotic 
application, one he acknowledged might even 
sound a bit far-fetched.

The scientists essentially manipulated what 
Rosenblatt called “an orientable Newtonian 
liquid,” referring in this case to a nematic 
liquid crystal that behaves predictably, i.e., 

linearly, when an outside stimulus is applied. 
The nematic is a phase that consists of cigar-
shaped molecules arranged parallel to each 
other, but which can flow like water. The 
researchers forced the liquid crystal/air 
interface to change shape merely by exploiting 
the orientability of the molecules that 
comprise the liquid crystal. To do that, the team 
placed the patterned substrate on the opposite 
side of a thin (a few hundred nanometers) 
nematic film. By doing so, they were able to 
control the alignment of molecules throughout 
the material.  The result: the appearance of a 
predetermined “bumpy” surface where the 
liquid and air meet—accomplished without 
any stimulus at the surface and without any 
control beyond the patterned “bottom” of the 
pool far from the surface. That relative change 
was huge, as much as a 30-70% increase in 
height from a flat surface.

Source: Case Western University
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Self-assembly of particles
How DNA molecules self-organize into adhesive patches between particles in response to assembly instructions

A team of physicists has discovered how DNA 
molecules self-organize into adhesive patches 
between particles in response to assembly 
instructions. Its findings offer a “proof of 
concept” for an innovative way to produce 
materials with a well-defined connectivity 
between the particles.  The work is reported in 
Proceedings of the National Academy of 
Sciences. “We show that one can program 
particles to make tailored structures with 
customized properties,” explains Jasna 
Brujic, a professor in New York University's 
Department of Physics and one of the 
researchers. “While cranes, drills, and 
hammers must be controlled by humans in 
constructing buildings, this work reveals how 
one can use physics to make smart materials 
that 'know' how to assemble themselves.”

Scientists have long sought a means for 
molecules to self-assemble and have achieved 
breakthroughs on many fronts. However, less 

developed are measures in which these tiny 
particles self-assemble with a preprogrammed 
number of bonds.  To address this, Brujic and 
her  col leagues ,  Angus  McMullen ,  a 
postdoctoral researcher in NYU's Department 
of Physics, and Sascha Hilgenfeldt, a pro-
fessor of mechanical science and engineering 
at the University of Illinois, Urbana-Cham-
paign, ran a series of experiments to capture--

and manipulate--the behavior of DNA 
molecules on particle surfaces. Operating at a 
micron level--with particles 1/25th the size of 
a speck of dust--they submerged tiny droplets 
into a liquid solution. Attached to these 
droplets were “DNA linkers”--molecular tools 
possessing “sticky ends” that allow for mixing 
and matching to form an array of structures 
desired by the researchers. “The beauty of this 
procedure is we can program the properties of 
a specific material, such that it could be elastic 
or brittle, or even have self-healing powers 
once broken, since the bonds can be made and 
broken reversibly,” observes Brujic. “Creators 
could decide to put in five particles that stick to 
only one other one, 10 that stick to two, and 20 
that stick to three, or any other combination. 
This would allow you to build materials with 
specific topologies or architectures.”

Source: New York University

Physical Sciences - Material Science

Packing of atoms in amorphous materials
The study could revise a 70-year-old model of how the fundamental building blocks of substances are assembled

A UCLA-led research team scientists have 
directly observed how atoms are packed in 
samples of amorphous materials using a 
method they developed to map atomic 
structure in three dimensions. The findings, 
published in Nature Materials, may force a 
rewrite of the conventional model and inform 
the design of future materials and devices 
using these substances. “We believe this study 
is going to have a very important impact on the 
future understanding of amorphous solids and 
liquids — which are among the most abundant 
substances on Earth,” said the study's senior 
author, Jianwei “John” Miao, a UCLA 
professor of physics and astronomy and a 
member of the California NanoSystems 
Institute at UCLA. 

To model how clumps of atoms or molecules 
could fit together at larger scales, scientists 
conceptualize this group of 13 as a 3D shape 
by treating each outer particle as a corner and 
connecting the dots, resulting in a solid with 
20 triangular faces, called an icosahedron. The 
team analyzed three amorphous metallic 

objects using atomic electron tomography. 
This a powerful imaging method captures 
data multiple times as the sample is rotated so 
that computer algorithms can construct a 3D 
image.

The researchers discovered that only a very 
small  f ract ion of  the atoms formed 
icosahedral groups of 13. Rather, the most 
commonly seen arrangement was groups of 
seven, with five in one central layer, one on 
top, one on the bottom and no central atom — 

a shape the researchers describe as a 
pentagonal bipyramid, having 10 triangular 
faces.  They also observed that these 
pentagonal bipyramids formed into networks 
in which edges were often shared. “The 
scientific community has believed icosahedral 
order is the most important structural motif in 
liquids or amorphous solids,” Miao said. “But 
so far, nobody else has been able to map out the 
position of all the atoms and check. We found 
the pentagonal bipyramid is the most prevalent 
motif. Nature seems to prefer to combine in 
sevens . ” The  p redominance  o f  t ha t  
combination was consistent across the samples 
studied. The materials examined were a thin 
film made from tantalum, which is a rare metal 
used for electronic components, and two 
nanoparticles made from palladium, a metal 
important for the catalytic converters that 
render automobile exhaust less toxic. These  
findings may prompt a reconsideration of 
certain aspects of science's physical model for 
the world around us. 

Source: University of California Los Angles 
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