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Experts from wide range of disciplines came 
forward on one common virtual platform to 
discuss the best approach to address the state of 
emergency of COVID crisis at a meeting on 

th10  May 2021.

The online meeting “Addressing COVID 
Resurgence – S&T Perspective” organised by 
Technology Information, Forecasting and 
Assessment Council (TIFAC), an autonomous 
body of  Depar tment  of  Science  and 
Technology (DST) brought together scientists, 
doctors, drug manufacturers, industry and 
policy makers brainstormed on ways to check 
the spread of the virus.

“There is huge requirement of oxygen in the 
country with the supply chain not being robust, 
India is mostly dependant on other countries 
for critical equipment like oxygen concen-
trators. The S&T community along with 
Industrial partners, has to find major means and 
ways to make sure our dependence is reduced. 
Vaccine production in the country is also 
dependant on raw materials from other 
countries hence there is a need for major push 
on active pharmaceutical ingredient (API) to 
be produced in the country,” said Dr. V.K. 
Saraswat, Chairman- TIFAC Governing 
Council and Member NITI Aayog. “We have 
to focus on creating a S&T infrastructure for 
short term training of the paramedics, doctors 
coming directly after MBBS for augmenting 
the  p reparedness  o f  our  Hea l thca re 
infrastructure,” he added.

Dr Saraswat emphasised on ramping up of 
research facilities particularly in genome 
sequencing, use of S&T methods like drones 
for supply & distribution of the vaccines and 
various drugs, use of technology like AI for 
facilitation & management of vaccine 
production and complete vaccination of India's 
population to stop the spread of the virus. He 
also urged the panellists to come up with 
programs that give solutions to mitigate the 
immediate and mid- term problems.

“Science, Technology and Innovation are the 
central pillars to address the issues related to 
second wave of COVID 19 and similar 
challenges of the future as well. There are 
several different components of S&T that are 
relevant for COVID-19 including Under-
standing of the behaviour of the virus from its 
transmission to its impact; development of 
relevant Technology & Products; and 
Manufacturing at scale,” highlighted Prof. 

COVID Resurgence – S&T Perspective
Experts & Stakeholders from COVID crisis wide range of disciplines discuss the state of emergency of  

Ashutosh Sharma, Secretary DST. “All of 
these have to connect seamlessly. This is a 
major lesson that we already learned and 
implemented in the first wave and we must not 
forget it,” he added.

Prof Sharma said that there are other aspects 
of S&T which are equally important. These 
include well researched White Papers for 
u n d e r t a k i n g  f o c u s e d  s p e c i f i c  S & T 
interventions to be undertaken post COVID 
19. The one released by TIFAC has led to a 
number of follow up actions in several sectors. 
“Other important activity is communicating 
about COVID 19, which is being done by 
Vigyan Prasar. Almost one COVID bulletin is 
disseminated through the India Science OTT 
Channel. TIFAC has also made a portal for 
immigrant labours and employees for 

matching of supply, demand and required 
skills. Finally, mathematical modelling is a 
great tool for decision making, planning and 
governance, DST has supported 30 different 
groups across the country for the modelling 
activity and it would be taken forward in the 
future also,” he added.

Dr.  Vi jay  Chauthaiwale ,  Heal thcare 
Consultant in his address mentioned “Any 
pandemic can be evaluated and contained at 
three levels which are Diagnosis, Prevention 
and Therapy or treatment. The second wave 

has shown our deficiencies as well as strength 
of our society in all these three aspects. 
Therefore, we need to analyse them a little bit 
deeper. The picture on the vaccine front will 
turn significantly better in coming weeks with 
enhanced supply from both the existing 
suppliers as well as the new players like 
SPUTNIK, Zydus Cadila and others coming 
in.”

Dr. Raman Gangakhedkar, former head 
scientist of the Epidemiology and Comm-
unicable Diseases Division at the Indian 
Council of Medical Research presented his 
ideas for the road ahead and said “It is time we 
need to reflect within, since the virus is 
mutating slowly and undergoing a convergent 
evolution, we need to ramp up our vaccine 
manufacturing capabilities, to come up with 
vaccines very quickly, essentially we need to 
invest in R&D for development of newer 
vaccines against the newer mutations of the 
virus. The only way to fight with infections is 
through drug development, for which support 
to drug development needs ramping up. The 
government should invest in setting up 
standard sites where clinical trials can be 
conducted which could save cost and time. We 
need to develop a pan corona vaccine and also 
think about Anti Microbial Resistance.”

Prof. Pradeep Srivastava Executive Director, 
TIFAC outlined the objective of the meeting 
in the welcome address and targeted to bring 
out an action plan document on how to contain 
the COVID 19 pandemic.

Other eminent speakers included Prof. 
Nandita Das, Professor Pharmaceutical 
Sciences, College of Pharmacy and Health 
Science, Butler University USA, Shri P K 
Pathak, Special Secretary, Ministry of 
AYUSH and various stakeholders deliberated 
on issues of critical importance like Clinical/ 
Health Perspectives: Infection Rate/ Death 
Rate/-Disease Prognosis/Treatment Metho-
dology & India's Preparedness in Drugs & 
pharmaceuticals/ Vaccines/ Medical Equi-
pment/ Infrastructure: Need- Actual & 
Availability (Current) ,Supply/ Distribution: 
And Plan for exigency- Existing manu-
facturers scaling up, New Plants/ Technology, 
Acquisition from Foreign Sources if required, 
requisite funds.

The meeting would help structure an action 
plan for the country to effectively address the 
rampaging COVID pandemic.

Dr Saraswat emphasised on 

ramping up of research 

facilities particularly in 

genome sequencing, use of 

S&T methods like drones 

for supply & distribution of 

the vaccines and various 

drugs, use of technology 

like AI for facilitation & 

management of vaccine 

production and complete 

vaccination of India's 

population to stop the 

spread of the virus. 
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In the backdrop of reports of emergence of 
variants of the SARS-CoV-2, in the UK and 
some other parts of the world, the Government 
of India had established a national multi-
agency consortium, Indian SARS-CoV-2 
Genomic Consortium (INSACOG) in 
December 2020, consisting of ten laboratories 
of the , Department of Biotechnology Council 
of Scientific and Industrial Research (CSIR), 
Indian Council of Medical Research (ICMR) 
and Ministry of Health & Family Welfare 
(MoH F&W) with the overal l  a im of 
monitoring the genomic variations in the 
SARS-CoV-2 on a regular basis. The 
responsibility to correlate the clinical aspects 
and coordinate the collection of samples from 
states, for this purpose, was provided to 
National Centre for Disease Control (NCDC), 
MoHFW.  has a data repository at INSACOG
IGIB NIBMG, New Delhi and , Kalyani.

For improving the understanding of the 
nuances of SARS-CoV-2 genome sequencing 
and its public health relevance in the context of 
the current pandemic, the Department of 
Biotechnology recently conducted a public 
webinar on the “Genome Sequencing of SARS-
CoV-19". The webinar aimed at demystifying 
the science behind mutations in the viral 
genome, viral genome sequencing, and public 
health implications of the mutations in the viral 
genome. A panel of experts from various 
reputed institutes & organisations discussed 
different aspects of genome sequencing and 
highlighted the importance of sequencing the 
Genome of SARS-CoV-19, and the work done 
by the Indian SARS-CoV-2 Genomics 
Consortium in ascertaining the presence of 
variants of SARS-CoV-2, establishing sentinel 
surveillance for early detection, and deter-
mining the genomic variants in the unusual 
events/trends.

Dr Suchita Ninawe, Adviser/ Scientist -G, 
DBT welcomed all the experts and the 
participants to the public webinar. She also 
given an overview about the Genome Sequ-
encing of SARS-CoV-19 and highlighted that 
this webinar aims at simplifying the science 
behind mutations and genome sequ-encing of 
SARS-CoV-19 for easier under-standing of 
common man.

Dr Renu Swarup, Secretary, Department of 
Biotechnology in her address said that the main 
purpose of this webinar was to make it easier 
for the public to understand the need for viral 
genome sequencing, the process through which 

Genome Sequencing of SARS-CoV-19
Department of Biotechnology organizes Public Webinar 

viral variants emerge naturally and their 
relevance in terms of various aspects of public 
health.

Dr Shekhar C. Mande, Secretary- DSIR & 
DG-CSIR in his opening remarks explained 
different mutations and virus strains. He 
further said that mutations arise through 
spontaneous errors during the replication of 
the virus. Some mutations may allow the virus 
to survive better and evade antibody response 
and therefore can provide selective advantage 
to the virus.

Following the opening session, a technical 
session was held which was chaired by Dr 
Shahid Jameel, Chairperson of the Scientific 
Advisory Group INSACOG of the . In this 

session, eminent panellists discussed a range 
of themes, from virus structures to simplifying 
mutants, different aspects of mutation, 
understanding of the so-called double and 
triple mutations, and the public health 
relevance of all this.

Dr Saumitra Das, Director, , Kalyani NIBMG
underscored the need for viral sequencing and 
gave a brief overview of the INSACOG 
activities. He talked about the different 
SARS-CoV-2 variants circulating globally 
and the reported spike gene mutations.

Dr Sujeet Singh, Director , in his NCDC
presentation talked about monitoring the 
genomic variations in the SARS-CoV-2 for 
understanding the mutations, the variants and 
their potential public health significance.

Dr. Anurag Agrawal, Director,  CSIR-IGIB
explained the process of selection of virus 
mutants and described the major variants 
which have been identified from different 
parts of the country. He also mentioned that the 
information generated by the  is INSACOG
being shared globally using the global 
databases like .GISAID

Dr Sudhanshu Vrati, Director-  explained RCB
the different between the commonly used 
terms: mutant, variant, variant of interest and 
Variant of Concern (VoC). He said that a VoC 
may have higher transmissibility or can cause 
a more severe disease; or can show reduced 
neutralization by antibodies.

Dr. Priya Abraham, Director,  ICMR-NIV
spoke about how RT-PCR has been the corner 
stone of diagnostic ever since the pandemic 
started. She mentioned that RT-PCR system 
being used in the country is able to detect all 
the variants which have so far been reported 
from the country. She further pointed out some 
of the reasons behind the false-negative RT-
PCR test reports, which could be sampling 
error, delays in the screening of individuals 
and non-adherence of Standard Operating 
Procedures during transportation of the kits. .

The session was later opened to the media 
persons and general public for the questions 
which were responded to by the Experts. 
During the Q&A session 'Virus mutation' and 
interlinked issues have been further clarified. 
It was well emphasized that there is no 
scientific term such as “double” or “triple” 
mutation of virus. The terms double or triple 
mutants are colloquial and these are used to 
emphasize features of a variant. Double or 
triple mutations as used recently in various 
media reports, were to signify the number of 
mutations which escape immunity (immune 
escape mutant). These variants otherwise 
harbour 15 lineage defining mutations. 
However, clinical correlations and epide-
miological correlation data determines if the 
mutation of the virus is a Variant of Interest 
(VoI) or Variant of Concern (VoC). Current 
data does not suggest that the surge is solely 
due to any one variant or any one factor.

The reasons for surge are primarily due to: 1. 
Non-adherence to COVID Appropriate 
Behaviours 2. Rising immune escape muta-
tions and some that also increase infectivity. 3. 
Declining immunity

 It is advisable while reporting on mutants, 
standard WHOs Uniform variant nomen-
clature be used ( for example- B.1.617) when 
referring to such variants.

The webinar ended with formal vote of thanks 
by Dr. Onkar Tiwari, Scientist, DBT to  all the 
expert panellists for this informative session 
that simplifying the science behind mutations 
and genome sequencing of SARS-CoV-19.

Need for viral genome 
sequencing, the process through 
which viral variants emerge 
naturally and their relevance in 
terms of various aspects of public 
health: Dr Renu Swarup



SCIENCE AND SOCIETY 

08 The Scitech Journal Volume 08 Issue 06 June 2021

Eminent Experts, Scientists, and Technocrats 
from India and Japan discussed the most recent 
innovations, trends, concerns, and solutions 
adopted in the field of decarbonisation and 
promotion of Hydrogen based technologies at 
the India-Japan Webinar on De-carbonisation: 
Exploring the Hydrogen Prospects and 
Innovative Technologies.

His Excellency Mr. Sanjay Kumar Verma, 
Ambassador of India to Japan, said that 38% of 
India's total installed electricity generation is 
based on renewables. This is about 136 Giga 
Watts now, and we expect to reach a target of 
175 GW by next year and 450GW by 2030. 
Therefore, he said that hydrogen can play a 
critical role as a clean fuel in achieving this 
ambitious goal.

“Japan is the first country to formulate a basic 
hydrogen strategy. Hydrogen is included in the 
fifth Energy plan of Japan. The country thus 
has a good ecosystem for R&D and commer-
cialization, which could be used by the 
Scientific and Commercial Communities of the 
two countries. India and Japan have strategic 
relationships, and this has to be elevated to a 
strategic partnership enabling sharing of 
knowledge without any inhibition on 
Hydrogen and utilization of H2 in future,” he 
pointed out.

Mr. MIYAMOTO Shingo, Minister, Head of 
Economic Section, Embassy of Japan, New 
Delhi, underlined that in japan, companies like 
Toyota  have a l ready operat ional ised 
commercially available hydrogen-powered 
vehicle, and this is much more than a simple 
electric-powered vehicle.

“India & Japan are in a very good position to 

De-carbonisation: Exploring the innovative technologies.
Experts discuss Recent innovations trends adopted in decarbonisation and promotion of Hydrogen based 
technologies

work together in the area of producing eco-
friendly hydrogen, for example from bio-fuel 
with a possibility of the two countries 
cooperating in this area is huge,” he added.

P ro f .  Ashu to sh  Sha rma ,  Sec r e t a ry, 
Department of Science and Technology 
(DST), GoI, highlighted India's ambitious 
targets of achieving 450 GW power 
generation by 2030 from renewables.

“This means that India has to look at energy 
storage options which are green, unlike 
batteries and Hydrogen certainly is a very 
good candidate, he said.  

He further informed that DST, GoI has 
initiated several programmes to develop 
technologies to reduce the cost of hydrogen 
production, distribution, storage, diversify the 
feedstock available for hydrogen production, 
for example, biomass, agricultural waste and 
so on. DST has supported about 30 projects in 
last few years related to Hydrogen production, 
distribution, and storage at a cost of 5 Million 
US$, looking into new catalysts like 
producing hydrogen from water splitting.

The webinar jointly organized by the Embassy 
of India in Japan, Department of Science & 
Technology (DST), Government of India 
along with The Inst i tute for  Global 
Environmental Strategies (IGES), Japan, and 
The Energy and Resources Institute (TERI), 

thIndia, on 19  April 2021 brought together 
several experts in the field from the two 
countries.

Mr OHIRA Eiji Director-General, Fuel Cell 
and Hydrogen Group, New Energy and 
Indust r ia l  Technology Development 

Organization (NEDO), Japan, presented his 
ideas on NEDO's approach to realize a 
hydrogen Society and Green growth strategy 
through achieving carbon neutrality in 2050.

“Hydrogen has a potential role to play in major 
sectors in India. Given the scale of future 
demand, India should be proactive in 
manufacturing electrolysers to produce green 
h y d r o g e n .  A g r e a t e r  c r o s s - s e c t o r a l 
coordination between the governments can 
help realize the economy benefits of hydrogen 
fuel. The key industries need to come together 
to catalyse decarbonisation allowing risk-
sharing and minimizing the burden at the 
individual company level,” said Dr Vibha 
Dhawan, Director General, The Energy and 
Resources Institute (TERI).

Prof. KAZUHIKO Takeuchi, President, The 
Institute for Global Environmental Strategies 
(IGES), Japan, Mr. SUGIMOTO Ryuzo, 
Director of the International Cooperation and 
Sustainable Infrastructure Office, Ministry of 
Environment (MoEJ), GoJ Ms ARAKI Mai, 
Deputy Director, International Affairs 
Division, Agency for Natural Resources and 
Energy, Ministry of Economy, Trade and 
Industry (METI), GoJ Dr P. C. Maithani, 
Scientist-G, Ministry of New & Renewable 
Energy (MNRE), GoI Dr Sangita Kasture, 
Scientist-F, Department of Bio-Technology 
(DBT), GoI were among the other experts who 
presented their views on accelerating efforts 
towards greater collaboration & realizing 
higher Hydrogen decarbonisation. Dr Usha 
Dixit, Counsellor (S&T), Embassy of India, 
Tokyo, GOI, was also present at the event.
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The National climate vulnerability assessment 
report released on April 17 2021has identified 
Jharkhand, Mizoram, Orissa, Chhattisgarh, 
Assam, Bihar, Arunachal Pradesh, and West 
Bengal as states highly vulnerable to climate 
change. These states, mostly in the eastern part 
of the country, require prioritization of 
adaptation interventions, the report pointed 
out.

The report titled 'Climate Vulnerability 
Assessment for Adaptation Planning in India 
Using a Common Framework',  which 
identifies the most vulnerable states and 
districts in India with respect to current climate 
risk and key drivers of vulnerability, was 
released by DST Secretary Professor Ashutosh 
Sharma.

“We have seen how extreme events are on rise 
both in terms of their number and severity. 
Mapping the parts of India that are vulnerable 
to such changes will help initiating climate 
actions at the ground level. The report should 
be made easily accessible to all stakeholders so 
that it can benefit climate-vulnerable 
communities across India through devel-
opment of better-designed climate change 
adaptation projects,” said Secretary Depa-
rtment of Science and Technology (DST) 
Professor Ashutosh Sharma. He also suggested 
that the maps should be made available through 
mechanisms like apps to people who need it.

“Assessing vulnerability was the first step 
towards assessing climate risk. There are two 
other components like Hazard and Exposure 
that need to be also assessed to arrive at overall 
climate risk. DST would take up these 
assessments in the next phase along with 
sectoral vulnerability assessments and 
assessments at sub-district levels,” said Dr. 
Akhilesh Gupta, Head, Climate Change 
Programme (CCP), DST.

Prof N H Ravindranath, retired climate change 
expert from the Indian Institute of Science 
(IISc), who steered the story, explained that the 
report has helped identify the most vulnerable 
states, districts & panchayats and will aid in 
prioritizing adaptation investment, developing 
and implementing adaptation programs.

Director of IIT Mandi, Professor Ajit Kumar 
Chaturvedi, and Director of IIT Guwahati T G 
Sitharaman hoped that the report will be taken 
up by the states for initiating climate action.

Ms.  Cor inne Demenge,  Head,  Swiss 
Cooperation Office, Embassy of Switzerland 

National climate vulnerability assessment 
Report identifies eight eastern states as highly vulnerable to climate change

in India, hoped that the assessments will 
contribute to the development of more 
targeted climate change projects and that they 
will support the implementation and the 
potential revisions of the State Action Plans on 
Climate Change.

“The assessments can further be used for 
India ' s  repor t ing  on  the  Nat ional ly 
Determined Contributions under the Paris 
Agreement. And finally, these assessments 
will support India's National Action Plan on 
Climate Change,” she added.

A total of 94 representatives from 24 states 
and 2 Union Territories participated in the 
nation-wide exercise jointly supported by the 
DST and the Swiss Agency for Development 
& Cooperation (SDC).

Dr. Nisha Mendiratta, Associate Head, 
Climate Change Programme (CCP), DST, 
highlighted DST's initiatives as part of 
implementation of two national missions and 
need for connecting the centre, state, and user 
community in the implementation of 
adaptation programmes.

The assessments undertaken with the active 
involvement and participation of States and 
Union Territory governments and hands-on 
training and capacity-building exercises have 
identified vulnerable districts. Among all 
states, Assam, Bihar, and Jharkhand have over 
60% districts in the category of highly 
vulnerable districts.

 “Vulnerability scores in all districts in India 
lies in a very small range. It shows that all 
districts & states are somewhat vulnerable 
with respect to current climate risk in India,” 
Dr. Shyamashree Dasgupta, Professor, IIT 
Mandi

The assessment will help Policymakers in 
initiating appropriate climate actions. It will 
also benefit climate-vulnerable communities 
across India through development of better-
designed climate change adaptation projects.

Dr. Anamika Barua, Professor, IIT Guwahati, 
underlined that this vulnerability assessment 
is unique as we use a common framework 
across the states & union territory to make 
them comparable and also because of the 
active participation of state & union territory 
governments.

In a developing country such as India, 
vulnerability assessment is considered as an 
important exercise to develop suitable 

adaptation projects and programmes. While 
climate vulnerability assessments for various 
states and districts already exist, the states and 
districts cannot be compared to each other as 
the framework used for assessments are 
different, thereby limiting decision-making 
capabilities at the policy and administrative 
levels. This necessitated an assessment using a 
Common Vulnerability Framework.

Keeping this requirement in mind, DST and 
SDC supported the development of a 
Common Framework for Vulnerability 
Assessment for the Himalayan region based 

thon the definition provided in the latest 5  
Assessment report of the Intergovernmental 
Panel on Climate Change (IPCC) [AR5]. The 
Common Framework, along with a manual to 
apply the framework, was developed by IIT 
Mandi, IIT Guwahati, and Indian Institute of 
Science (IISc), Bangalore. The framework 
was applied to the Indian Himalayan Region, 
involving all 12 States (including pre-divided 
J&K) through capacity building process.

The outcome of the exercise undertaken was 
shared with the Himalayan States, have led to 
several positive developments in terms of 
some of these already prioritizing and 
implementing climate change adaptation 
actions based on these vulnerabil i ty 
assessments.

Based on the positive feedback received from 
the states and its usefulness to the Himalayan 
states for implementing climate change 
adaptation actions, it was decided to roll out 
the climate vulnerability assessment exercise 
for the entire country through capacity 
building of the States.

The task was assigned to the same team, which 
coordinated to carry out a series of training 
workshops for the state governments in India 
towards capacity building for vulnerability 
assessment.

DST has been implementing 2 national 
missions on climate change as part of the 
National Action Plan on Climate Change. 
These are National Mission for Sustaining the 
Himalayan Ecosystem (NMSHE) and 
National Mission on Strategic Knowledge for 
Climate Change (NMSKCC). As part of these 
missions, DST has been supporting the State 
Climate Change Cells in 25 States and Union 
Territories. 



SCIENCE AND SOCIETY 

10 The Scitech Journal Volume 08 Issue 06 June 2021

A biodegradable and compostable yoga mat 
developed from water hyacinth by six young 
girls from the fishing community in Assam 
could turn this water plant from a nuisance to 
wealth.

The girls belong to the fishing community 
living in the fringe of the Deepor Beel, a 
permanent freshwater lake in south west of 
Guwahati city, recognised as a Ramsar Site (a 
wetland of international importance) and a bird 
wildlife sanctuary. The lake has been a source 
of livelihood for 9 villages of the fishing 
community who shared this biome for 
centuries, but over the years suffered from 
excessive growth and accumulation of water 
hyacinth.

The innovation by the girls, whose families are 
directly dependent on the wetland for survival, 
could contribute significantly towards the 
environmental conservation and sustainability 
of Deepor Beel and also ensure local 
livelihood. The mat called 'Moorhen Yoga Mat' 
will soon be introduced to the world market as a 
unique product.

The intervention was triggered through an 
initiative by North East Centre for Technology 
Application and Reach (NECTAR), an 
autonomous body under Department of 
Science & Technology (DST), Govt. of India 
to involve the entire women community 
associated with a collective called 'Simang' 
meaning dream, led by the 6 girls to create 
wealth from water hyacinth plants.

Considering all aspects of water hyacinth's 
properties and the functional requirements of a 
product like a mat, a hand-woven 100% 
biodegradable and 100 % compostable mat to 
be used for doing Yoga was ideated as a means 
to provide multiple ecological and social 
benefits. The mat developed through fiber 
processing and technological interventions 
could improve the aquatic ecosystem of the 
wetland through removal of water hyacinth, 
help sustainable production of utility products 
with community engagement and generate of 
livelihood for indigenous communities to 
become completely 'Atamanirbhar'.

As the collection, drying and preparation of the 
water hyacinth before using it for weaving is 
the most important process, small interventions 
of technology were introduced like using 'solar 
dryer'which reduced the drying time to about 3 

Creating wealth from water hyacinth plants
Biodegradable yoga mat developed by 6 young girls from Assam may save lakes from water hyacinth 
menace

days. It could also compensate for the loss in 
time due to heavy rains that take place very 
frequently in this part of the country over a six 
month long rainy season (May-October).

The women wove water hyacinth using 
traditional Assamese loom with the help of 
different combinations of techniques, 
materials and tools to develop a high quality, 
comfortable and thoroughly biodegradable 
and compostable Yoga Mat. It has resulted in 
engagement of 38 women from 3 fringe 
villages (Keotpara, Notun Basti and Borbori). 
Technology intervention could also increase 
the production rate.

“7WEAVES”, (a sister concern of the Simang 

Collectives) team provided expertise on 
natural dyeing from locally available natural 
materials of Loharghat Forest Range, Kamrup 
District enabling NECTAR to include 
naturally dyed cotton yarns from lac, onion 
skins, iron and jaggery, in various patterns for 
the mat. Various equipment of the loom was 
changed to adapt to the woven structure of the 
mat.

The 'Moorhen Yoga mat' named after Kam 
Sorai (Purple moorhen, a resident bird of 
Deepor Beel Wildlife sanctuary), comes in a 
cotton canvas cloth bag where no zip or metal 
closures are used. The bag has adjustable strap 
and closures effectively designed to be in sync 
with biodegradability.
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The Human Blood Groups- Complexities on a 
simple cell
These complexities arise mostly due to the antigens comprising the blood group systems

Antigens are proteins or polysaccharide entities which have varied 
functions and have the ability to initiate and immune response in 
individuals. Depending upon their origin, they are divided into two 
types: Foreign and Self, and depending upon their nature, they are 
broadly classified into three types: (i) Soluble Antigens - which are 
dissolved in fluids such as blood, (ii) Intracellular Antigens- which are 
found inside the cells and (iii)Surface Antigens- which as the name 
suggests, are found on the surface of cells or embedded in the 
transmembrane. Human Blood Group Antigens are the most commonly 
known surface antigens found on the red blood cells which are devoid of 
a nucleus and therefore the simplest of the cell types. These antigens are 
known to confer blood types to the individuals depending upon their 
presence or absence on the red cell surface. The human blood group 
systems comprise of the blood group antigens and the genes which 
encode these antigens. The ABO blood group is the most widely known 
blood group system, followed by the Rh blood group system. Apart from 
these two several blood groups have been identified and characterized 
and their genes have been sequenced. Although not of the quantum 
physics level, but the human blood group systems are fairly complex in 
their own way. This complexity arises mostly due to the antigens 
comprising the blood group systems. Imagine the red blood cell as our 
planet earth, the countries represent the blood groups and the individuals 
in a population represent the antigens of the blood group system, i.e. the 
representative population of that particular country. Let us assume that a 
new country has been found by some new age Columbus who came 
across an ethnic group which was never known before. The people 
present there speak a language you've never known of, they have their 
own religion, occupation and way of life. However, directly or indirectly 
they do contribute to the functioning of the earth, don't they? This is how 
the relationship between the antigens and the blood groups are identified 
and either new blood groups come into the picture, or older blood groups 

are assigned to pre-existing blood group systems. Seems pretty simple 
so far! Now think of it this way. You ask one or a few individuals from 
each country to stand on a platform. Some of them will show up and 
some won't due to a lot of factors, but you would still have a diversified 
lot of people on that platform. This correctly represents the scenario on 
cells, represented by the platform and the individuals by the antigens. 
Some antigens get expressed on the cell surface and some don't, 
depending upon the inheritance and expression of the genes encoding 
them. But still, there is a diverse population of antigens which is found 
on the surface of the cells belonging to different blood group systems. 
This means that at once, a person can be positive for more than one 
blood types at once. To add to this complexity, some blood groups have 
more than one antigen in their system. For instance, the Rh blood group 
system is known to have around 55 different antigens in the blood group 
system! Almost all the blood group antigens either have diversified 
roles to play in maintaining the normal homeostasis of the body or have 
implications in various diseases.  With the advent of more advanced 
techniques, more studies are being carried out on a molecular level. This 
has resulted in the identification and characterization of newer blood 
groups and the allocation of antigens to existing blood group systems 
which are identified on the red cell membrane. These studies also pave 
the way for understanding the roles of the human blood groups in 
different conditions making them not only complexities on a simple 
cell, but so much more. 
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43 blood group systems with 434 Blood Group Antigens present on the erythrocyte surface have been identified in humans thus far



FEATURES

12 The Scitech Journal Volume 08 Issue 06 June 2021

Lung cancer subtypes and obtaining cancer cell 
lines
A number of human lung cancer cell lines have been discovered for the purpose of drug discovery

In recent years, a lot of human lung cancer cell lines have been 
discovered for the purpose of drug discovery. These cell lines furnish us 
an unending and self-replicating reservoir of tumoral cells. The 
histopathology of lung cancer is classified into non-small cell lung 
cancer (NSCLC) (which constitutes adenocarcinoma, squamous cell 
carcinoma and large cell lung carcinoma) and small cell lung cancer 
(SCLC). SCLC shows increased aggressiveness and metastatic 
potential as compared to NSCLC, yet, NSCLC makes up for around 
85% share of all lung cancers in the population.

A549 is a NSCLC cell line of the adenocarcinoma origin which is 
widely used for in vitro experiments. This alveolar cell line has been in 
use for more than 4 decades. It was extracted from the lung 
carcinomatous tissue tumor of a 58yr old Caucasian male in 1972, and 
was cultured by D.J Giard, et al. and lodged in ATCC cell line bank. 
These cells are accountable for proper diffusion of electrolytes and 
water through the alveoli. These cells were identified as being 
hypotriploid human alveolar basal epithelial cells and are extensively in 
use as in-vitro models for type 2 pulmonary epithelial cells.

Type 2 alveolar cells account for 5% of the alveolar surface of distal 
lung, they possess various important roles and serve as the defender of 
the alveoli and also take part in innate immune responses in the lung. An 
ultrastructural signature of type 2 cells is the production of multilamellar 
bodies consisting of dipalmitoylphosphatidylcholine (DPCC) which is 
the crucial lipid constituent of pulmonary surfactant. A549 cells showed 
the presence of plentiful multilamellar cytoplasmic inclusion bodies; 
these cells also manufacture lecithin with disaturated fatty acids 
employing the cytidine diphosphocholine pathway. They contained 
extensive amounts of phosphatidylcholine and disaturated 
phosphatidylcholine. It has been recorded that in this cell line, hypoxia 
initiates the ERK pathway (Extracellular-signal Regulated Kinase 
pathway) through LRP1, decreased E-cadherin, increased vimentin and 

α-SMA, and then heightened A549 cell motility, and caused a switch in 
cell morphology toward a mesenchymal phenotype and also produced 
more HSP90α.

3D model systems can bring about different conspicuous changes in the 
morphology of cancerous cells compared to 2D systems. Previous 
studies on A549 revealed that they can form floating aggregates or they 
can be embedded partially onto a hydrogel matrix. Subtle differences 
were discovered between these two types. These aggregates displayed 
perpetually high levels of Interleukin-8 (IL-8) and IL-6 production. 
A549 cells showed over expression of Ki-67 and MMP-9 in 3D system 

[14]and reduced expression of MMP-9 in 2D system.  They also showed 
an increase in epithelial cell-specific markers and reduced expression of 
cancer-specific markers, the cell aggregates expressed occludin 
indicating good localization. The aggregates also produced 
mucoglycoprotein. It was also observed that mucin-specific antibodies 
bound with pronounced affinity to MUC1 and MUC5A in these 3D 
aggregates. Certain studies indicate that 3D cultures of A549 cell lines 
depict an increase in the overall effect of expression of various epithelial 
cell specific biomarkers and that they show decreased expression of 
cancer specific biomarkers when compared to the 2D models. The 3D 
cell culture of the cell line A549 depicts formation of tight junctions and 
greater polarity.
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Figure representing the various histological subtypes of lung cancer known. The most frequently encountered subtype is non-small cell lung 
cancer. Most lung cancer cell lines are from NSCLC cancers. They are either squamous cell carcinomas (example: A549 cell line) or 
adenocarcinomas (example: BICR3 cell line). 
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Cell culture phase duration differences among 2D 
and 3D cultures of cell lines
Cell lines can be grown in 2D (2-Dimensional) and 3D (3-Dimensional) conditions

Cell culture refers to the process of growing cells under controlled 
conditions outside their natural environment. Cell lines derived from 
cancer tissues are used in research as a model to understand the 
physiology of cancers and also identify new treatment strategies. These 
cell lines can be grown in 2D (2-Dimensional) and 3D (3-Dimensional) 
conditions. 2D cultures involve growing cells in a flat surface like 
petridishes or flasks where they grow as monolayers. A 3D culture is an 
artificial environment in which the cells are allowed to grow and interact 
with the surrounding in three dimensions. They grow as spheroids and 
they mimic the cells inside our body.  2D cell cultures have been used 
since long time and 3D cultures are a recent trend and are better models 
to study solid tumors. Various assays are performed in pre-clinical 
research using these culturing techniques to test the efficacy of anti 
cancer activity of a novel drug. Once the efficacy is proven, they go on to 
clinical trials and finally after clearing all the trials they are approved for 
clinical use. Analyzing cell culture phases of a cell line forms an 
important step before performing any assay. Cell culture phases are 
divided into Lag phase, Log phase, Stationery phase and Death/ Decline 
phase. 

In the Lag phase, cells do not divide and during this phase the cells adapt 

to culture conditions. In the log phase, cells proliferate actively. In the 
stationery phase, cell proliferation slows down as the cells are 
confluent. In the Decline/Death phase, the cells begin to die due to the 
natural progression of cell cycle. It is fundamental to obtain cells in the 
healthy period of culture phases because it will yield us maximum 
number of healthy cells and the results will be more reliable. The cell 
culture phases vary between 2D and 3D cultures. In 3D cultures, more 
number of viable cells is present and they reach the death phase slowly. 
The reason behind this is that the cells in 3D grow as spheroids (compact 
in nature) thereby making more space available for the new cells to 
grow. In Contrast, 2D cells grow as monolayers and they become 
confluent as a result they reach the decline phase early. This is due to 
contact inhibition with each other and won't be able to grow once they 
have covered the surface of the flask.
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How are solar systems born?
Spinning disks and oddball stars and planets help astronomers test theories about the formation of planetary 
systems

Many of us remember those school-room models of our Solar System, 

with tiny wooden planets rotating at the ends of their wires around a 

bright-orange painted sun. But how accurate is the model? Do the 

planets really align in a plane, or do their orbits crisscross around the sun 

at different angles? It turns out the toy is not too far off, at least in this one 

aspect.

Our solar system is actually pretty flat, with most of its planets orbiting 

within three degrees of the plane of the Earth's orbit around the sun, 

called the ecliptic. This flatness extends to the asteroid belt between 

Mars and Jupiter, though some members of the region of icy objects past 

Neptune called the Kuiper belt are more extreme, with inclinations up to 

30 degrees.

This relative flatness, which is not an unusual feature of solar systems, 

results from how stars and planetary systems typically form. The 

process begins with a slowly rotating, roughly spherical cloud of gas 

and dust, about one light year across. Eventually, a portion of this 

material collapses toward the center, forming a star, and the spinning 

cloud begins to flatten into a disk due to its rotation. It's out of this 

rotating protoplanetary disk of gas and dust that planets are then spun 

out, resulting in a relatively flat solar system. Eventually, when most of 

the gas has settled onto the star or planets or has dissipated, the system is 

left with a debris disk of planetary leftovers, like our own asteroid-

strewn Kuiper belt.

Some astronomers at Penn State study protoplanetary and debris disks 

to get a better idea of how planetary systems form. But not all stars and 

planets form in exactly the same manner — and not all planetary 

systems are flat.

“It's an exciting time, because so many planets have been discovered in 

other solar systems, for example by NASA's Kepler space telescope and 

Transiting Exoplanet Survey Satellite (TESS), and a lot of them look 

very different from the planets in our solar system,” said Rebekah 

Dawson, Shaffer Career Development Professor in Science and 

assistant professor of astronomy and astrophysics. “So, we have to 

come up with new ways of thinking about planet formation that can 

account for the diversity of planets we now know about.”

In addition to studying disks, researchers like Dawson study the 

exceptions to the norm, unusual stars and planets that could support or 

make us rethink current theories. Together, these investigations are 

helping scientists improve our understanding of how and where 

different kinds of stars and planets form, and what makes a planet 

habitable.

Catching planetary formation in the act

While some researchers study mature systems and infer aspects of the 

planet formation process, Assistant Professor of Astronomy and 

Astrophysics Ian Czekala tries to catch planetary formation in the act.

“I study the protoplanetary disks that surround young stars for the first 

10 million years of their lives,” he said. “That may sound like a long 

time period, but it's actually very small compared to a star's total 

lifetime. Our sun, for example, is about five billion years old; most of 

the exoplanet systems that people study are a least a billion years old.”

While Kepler and other survey missions have found thousands of 

mature solar systems, there are fewer nearby protoplanetary systems 

that easily lend themselves to detailed study. To investigate these early 

systems, Czekala uses the Atacama Large Millimeter/submillimeter 

Array (ALMA), one of the most complex astronomical observatories 

ever built. Located in Chile, ALMA uses a network of high-precision 

antennas working together to provide a high-resolution look at the 

universe, using wavelengths of light between the infrared and radio 

A newly formed star is surrounded by a rotating disk of gas and dust, called a protoplanetary disk. This disk, illustrated here around a brown dwarf, 
provides the materials for planet formation. Image: NASA/JPL-Caltech

Gail McCormick
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regions of the electromagnetic spectrum.

ALMA can directly detect the gas and dust in protoplanetary disks, 

which produce very cold thermal emissions (20 to 30 degrees Kelvin, or 

-400 to -424 degrees Fahrenheit) at millimeter wavelengths. Czekala 

uses gas in the disk, including carbon monoxide, as a tracer to determine 

how the disk is rotating. This data provides a glimpse of the disk's 

dynamics, building a sort of three-dimensional picture as a function of 

velocity. Some disks show gaps that might be produced by a planet 

orbiting in that space.

“What's interesting is not just that we see the disk rotating, but that we 

are starting to sense the ways in which the velocity of the field deviates 

from its expected rotation at a very subtle level,” said Czekala. “It's like 

watching a river flow downstream. Sure, you see the bulk flow of the 

river, but when you look at the eddies and turbulent waves, you can infer 

that there might be a submerged rock in one area or even a large 

underwater cavern in another. It's what lies underneath that gets me 

really excited.”

Where do planets form?

Dawson in some cases studies debris disks, but she is also very 

interested in understanding the formation of planets that look nothing 

like those in our solar system. In particular, she is studying how 

planetary orbits might have changed in an early solar system, which can 

tell us how planets came to be where they are today.

“When talking about theories of planet formation, there is some debate 

about where planets form, even if the processes involved in those 

different locations may have some similarities,” she said.

Some of Dawson's research has focused on large gas giant planets 

called "hot Jupiters" that are similar in mass to our own Jupiter but are 

found unexpectedly close to their stars. Because of the proximity to 

their stars, these planets have a surprisingly short orbit of only three or 

four days.

There are several theories about how hot Jupiters formed. One suggests 

that they formed where they are currently located, close to their stars. 

Another theory suggests that they formed farther away, but a 

disturbance of some sort exhibited a gravitational force that made the 

hot Jupiter's orbit extremely elliptical in a way that it passed very close 

to its star. Eventually, the pull of the star produced tides on the planet 

that caused its orbit to shrink and become more circular.

“To try to disentangle these possible formation pathways, we 

sometimes use computer simulations of the process, which leads to 

other expectations for the properties of hot Jupiters,” said Dawson. “We 

can then compare observed properties of hot Jupiters based on visible 

and infrared observations of their stars with the simulations to see if 

they are consistent with a particular theory. We can also look for planets 

in the same system as the hot Jupiters for clues to their formation.”

If a hot Jupiter forms near its star, for example, it's plausible that other 

planets formed nearby that could be observed. But if it is formed 

through the pathway with a highly elliptical orbit, it's likely that any 

other planets between the hot Jupiter and the sun would get ejected or 

collide with it.

“What we see in the data is that most Jupiters don't have other planets 

Example of a protoplanetary disk surrounding young binary stars. The gas and dust in these disks produce cold thermal emissions that can be detected 
at the millimeter wavelength.Image: ALMA (ESO/NAOJ/NRAO), I. Czekala and G. Kennedy; NRAO/AUI/NSF, S. Dagnello
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nearby, but there are a few exceptions,” said Dawson. “I've come to 

believe that none of these theories can explain all of the hot Jupiters that 

we see. There may be different ways to make a hot Jupiter, and that's 

probably true of other types of planets that we see that don't look like the 

planets in our solar system.”

Tiny star or giant planet?

Just as the study of unusual planets like hot Jupiters can help us 

understand fundamental processes, so too can the study of unusual stars. 

Stars exist across a wide range of masses, the heaviest of which is 150 

times the mass of our sun. The lightest stars, known as brown dwarfs, are 

less than one-tenth the mass of the sun and therefore can be cool and 

faint enough to look like a gas giant planet.

Kevin Luhman, professor astronomy and astrophysics, has spent much 

of his career studying how brown dwarfs are like stars and how they are 

like planets. To determine if they are born more like stars or planets, he is 

trying to identify the smallest mass at which brown dwarfs exist.

“There are different theories about the formation of stars that make 

different predictions for the minimum mass at which brown dwarfs 

exist,” he said. “If you can measure that minimum mass, you can test 

theories of how stars are born.”

Because they are cool and faint, brown dwarfs can also be challenging to 

find; the first wasn't discovered until 1995. However, when they are 

very young, brown dwarfs are relatively bright — almost as bright as 

other stars — making them easier to detect.

“We look for newborn brown dwarfs in nebulas of gas and dust that are 

already known to be giving birth to stars, like the nearby Orion Nebula,” 

said Luhman. “Much of my work has involved searching these nebulas, 

using very sensitive telescopes that are able to see them.”

Luhman has helped identify brown dwarfs as small as five times the 

mass of Jupiter, which overlaps with the masses of some planets. He 

hopes that the launch of the James Webb Space Telescope in 2021 will 

allow astronomers to determine the minimum mass of these unusual 

stars.

“Brown dwarfs tend to be brightest in the infrared, and James Webb will 

be the most powerful infrared telescope to date,” he said. “We also hope 

to answer whether and how often planets can form around brown 

dwarfs. There's already good evidence of protoplanetary disks existing 

around brown dwarfs, meaning they have the building blocks for 

making planets around them.”

These questions will help inform the bigger picture about planet 

formation, including whether planets form around any kind of star or 

only stars like the sun — and, of course, whether it is possible for 

planets around brown dwarfs, if they exist, to harbor life.

New opportunities

While star and planet formation might be thought of as separate fields of 

research, the processes involved are all intrinsically linked. 

Protoplanetary disks not only spawn planets but continuously funnel 

gas and dust onto the young star. And the very act of planet formation 

changes the structure of the disk, which may affect the subsequent 

planets that form in the same disk. It's somewhat of a chicken and egg 

scenario, according to Czekala.

In this way, it's useful to have a variety of researchers using different 

tactics to study these processes all in one place. The interdisciplinary 

nature of astronomy research at Penn State, including at the University's 

Center for Exoplanets and Habitable Worlds, allows its scientists to 

paint a bigger picture of the formation and evolution of planetary 

systems.

“We're trying to piece together the processes of star and planet 

formation, but we only glimpse clues here and there, which we need to 

use to guide us to a holistic theory,” said Czekala. “New observations 

always lead to a bloom of new theories, but at the end of the day the big 

picture needs to hang together, including the implications for the 

formation epoch that we're studying with the protoplanetary disks. We 

have a unique opportunity to bring the different communities together.”

(Source: Penn State university news release)

This illustration shows the relative sizes of a hypothetical brown dwarf planetary system compared to our own solar system. Penn State astronmer 
Kevin Luhman studies how small, cool brown dwarfs are similar to planets and how they are similar to stars, which will provide insight into the process 
of star and planet formation. Image: NASA/JPL-Caltech/T. Pyle (SSC)
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27 million galaxy morphologies  catalogued
Using data from the Dark Energy Survey, researchers produced the largest catalog of galaxy 
morphology classifications to date 

Research from Penn's Department of Physics and Astronomy has 
produced the largest catalog of galaxy morphology classification to 
date. Led by former postdocs Jesús Vega-Ferrero and Helena 
Domínguez Sánchez, who worked with professor Mariangela Bernardi, 
this catalog of 27 million galaxy morphologies provides key insights 
into the evolution of the universe. The study was published in Monthly 
Notices of the Royal Astronomical Society.

The researchers used data from the Dark Energy Survey (DES), an 
international research program whose goal is to image one-eighth of the 
sky to better understand dark energy's role in the accelerating expansion 
of the universe.

A byproduct of this survey is that the DES data contains many more 
images of distant galaxies than other surveys to date. “The DES images 
show us what galaxies looked like more than 6 billion years ago,” says 
Bernardi.

And because DES has millions of high-quality images of astronomical 
objects, it's the perfect dataset for studying galaxy morphology. “Galaxy 
morphology is one of the key aspects of galaxy evolution. The shape and 
structure of galaxies has a lot of information about the way they were 
formed, and knowing their morphologies gives us clues as to the likely 
pathways for the formation of the galaxies,” Domínguez Sánchez says.

Previously, the researchers had published a morphological catalog for 
more than 600,000 galaxies from the Sloan Digital Sky Survey (SDSS). 
To do this, they developed a convolutional neural network, a type of 
machine learning algorithm, that was able to automatically categorize 
whether a galaxy belonged to one of two major groups: spiral galaxies, 
which have a rotating disk where new stars are born, and elliptical 
galaxies, which are larger, and made of older stars which move more 
randomly than their spiral counterparts.

But the catalog developed using the SDSS dataset was primarily made 
of bright, nearby galaxies, says Vega-Ferrero. In their latest study, the 
researchers wanted to refine their neural network model to be able to 
classify fainter, more distant galaxies. “We wanted to push the limits of 
morphological classification and trying to go beyond, to fainter objects 
or objects that are farther away,” Vega-Ferrero says.

To do this, the researchers first had to train their neural network model to 
be able to classify the more pixelated images from the DES dataset. 
They first created a training model with previously known 
morphological classifications, comprised of a set of 20,000 galaxies 
that overlapped between DES and SDSS. Then, they created simulated 
versions of new galaxies, mimicking what the images would look like if 
they were farther away using code developed by staff scientist Mike 
Jarvis.

Once the model was trained and validated on both simulated and real 
galaxies, it was applied to the DES dataset, and the resulting catalog of 
27 million galaxies includes information on the probability of an 
individual galaxy being elliptical or spiral. The researchers also found 
that their neural network was 97% accurate at classifying galaxy 
morphology, even for galaxies that were too faint to classify by eye.

“We pushed the limits by three orders of magnitude, to objects that are 
1,000 times fainter than the original ones,” Vega-Ferrero says. “That is 
why we were able to include so many more galaxies in the catalog.”

“Catalogs like this are important for studying galaxy formation,” 
Bernardi says about the significance of this latest publication. “This 
catalog will also be useful to see if the morphology and stellar 
populations tell similar stories about how galaxies formed.”

For the latter point, Domínguez Sánchez is currently combining their 
morphological estimates with measures of the chemical composition, 
age, star-formation rate, mass, and distance of the same galaxies. 
Incorporating this information will allow the researchers to better study 
the relationship between galaxy morphology and star formation, work 
that will be crucial for a deeper understanding of galaxy evolution.

Bernardi says that there are a number of open questions about galaxy 
evolution that both this new catalog, and the methods developed to 
create it, can help address. The upcoming LSST/Rubin survey, for 
example, will use similar photometry methods to DES but will have the 
capability of imaging even more distant objects, providing an 
opportunity to gain even deeper understanding of the evolution of the 
universe.

(Source: University of Pennsylvania news release) 

Erica K. Brockmeier

An image of NGC 1365 collected by the Dark Energy Survey. Also known as the Great Barred Spiral Galaxy, NGC 1365 is an example of a 
spiral galaxy and is located about 56 million light-years away. (Image: DECam, DES Collaboration)
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Supermoon illusion
How an illusion makes the full Moon appear bigger than it really is

No matter where you are in the world, and no matter how light the skies 
are, the Moon is always there. Our only natural satellite has inspired 
literature, art and science for thousands of years.

As the days lengthen in the northern hemisphere, it gets harder to spot 
some of the fainter stars in the sky. But our Moon is still there, and every 
few months we have a special sighting.

Not only is the Moon on 26 April a full Moon, it's also what is known as a 
supermoon – and the first of the year. To understand why it is a 
supermoon, it's important to understand a little more about why different 
parts of the Moon are lit up at different times of the month, and also a 
little more about the Moon's orbit.

Phases of the Moon

The reason we see different proportions of the Moon illuminated at 
different times of the month, or in different phases, is that the Moon is at 
different points in its orbit around Earth relative to the Sun.

When the Moon, the Earth and the Sun are all lined up together with the 
Earth between the Moon and Sun, sunlight shines on the whole lunar 
surface and is reflected back to Earth. On Earth, this is known as a full 
Moon.

When the Moon is between Earth and the Sun, no sunlight can reflect off 
its surface, and this is a new Moon. In between, only part of the Moon's 
surface reflects sunlight, giving it different phases, as you can see in the 
diagram below.

What's more, the Moon's orbit around the Earth isn't perfectly circular – 
it's a very slightly squashed ellipse. This that means sometimes the 
Moon is closer to the Earth than at other times. The Moon's closest 
approach to Earth is called its perigee, and a full Moon at or close to 
perigee is called a supermoon.

More technically, it's also known as a perigee syzygy. The opposite 
phenomenon – when the full Moon is furthest away from Earth in its 
orbit – is called an apogee syzygy or micromoon. Obviously the 
supermoon is not a new phenomenon, but its name is quite new – the 
word doesn't appear before the 1970s.

Since the Moon is so big and bright compared to other objects in the 
night sky, it's not hard to see on a clear night. To see the supermoon, the 
issues are working out when it rises and sets.

In the UK, the Moon rises in the east just before 7.30pm on Monday 
April 26 and sets in the west just after 6.00am on Tuesday April 27. It'll 
be low in the sky, so try to get to a high place like a hill to see the 
supermoon.

If you don't mind staying up late or getting up very early, look south 
around 4.40am. The Moon, Jupiter and Saturn will all be low in the sky 
and visible to the naked eye – a treat for early birds or night owls.

The moon illusion

There's one catch to all this supermoon business. The Moon doesn't 
actually look that much bigger in the sky compared to a normal full 
Moon. But it sometimes looks bigger when it's closer to the horizon. 
Why is this, when its size in the sky doesn't change very much when it 
orbits closer to Earth?

This is known as the Moon illusion, and it really is an illusion. If you 
cover the Moon with your thumb, you'll always be able to block it out, 
whether it looks tiny high up in the sky or whether it looks huge closer to 
the horizon.

People have known about this optical illusion for thousands of years, 
but we still don't completely understand how or why it comes about.

We do know it's a psychological illusion, and probably at least partly 
due to the brain thinking that objects near the horizon must be closer to 
us. There are dozens of competing explanations, and most of them are to 
do with how our brains process information.

So although Monday's supermoon might not objectively look much 
bigger in the sky, being low on the horizon could subjectively make it 
look much bigger to us anyway. Whatever the cause of the Moon 
illusion or the size of the Moon in the sky, here's hoping for clear skies.

This piece was first published in The Conversation on 18 March 2021.

(Source: UCL news release)

PhD candidate Osnat Katz (UCL Science & Technology Studies) explains what a supermoon is, as well as 
discussing the mystery of why we sometimes perceive the Moon to be bigger than it actually is.

Analysis
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Covid-19 present situation in India
The deep-rooted issues behind the current Covid-19 crisis in India

India finds itself in the throes of a humanitarian disaster. Until March 
2021, case numbers were low in most parts of the country, leading many 
to think that the worst was over. Much like in Brazil though, jingoism, 
overconfidence and false reassurance from the political elite negated 
hard-won progress.

Mass gatherings have acted as state-sanctioned super-spreader events. 
More infectious variants and a sluggish uptake of vaccines are also 
fuelling the current surge. These are the triggers, but there are more 
deep-rooted issues at the heart of the current crisis.

India is an inherently high-risk country for an epidemic. The country 
holds 1.4 billion people, living in crowded areas with extensive 
community networks and limited facilities for sanitation, isolation and 
healthcare.

Most do not have the luxury of isolating at home for prolonged periods. 
Over 90% of workers are self-employed with no social safety net. The 
vast majority rely on daily earnings to put food on the table. Many 
predicted that because of all of this, the initial wave of Covid in 2020 
would have a devastating impact.

The fact that it did not led some to believe that the Indian population was 
innately less vulnerable to Covid. An old theory, the hygiene hypothesis, 
was dusted off in an attempt to explain the low number of cases. The idea 
is that poor hygiene trains people's immune defences, so when people 
are exposed to the coronavirus, their bodies are well-equipped to deal 
with it.

But this theory largely relied on population studies that failed to account 
for various factors involved in disease severity at an individual level. 
Even with higher quality research, correlation does not imply causation, 
especially with the threat of new variants on the horizon. And yet this 
theory settled comfortably into the national psyche of a traditionally 
patriotic country.

Complacency gave the coronavirus an opportunity to spread. Unlike in 
the first wave though, proportionally more cases have progressed into 
deaths this time around because the health system was overwhelmed. 
Supplies of oxygen, ventilators, health workers and beds are critically 
low in hotspots like Delhi. But the fact that so many require medical care 
in the first place, is a symptom of longstanding structural deficiencies in 
the Indian health system.

Age is the single biggest risk factor for severe disease and death with 
Covid. India has an exceptionally young population, with only 6% aged 
65 and over. Even with a slightly more deadly virus, one would expect 
most to recover at home without the need for hospital care. But a 
relatively unhealthy middle-aged population in part offsets this 
advantage.

Air pollution is closely associated with lung and heart disease. A 
whopping 17.8% of all deaths in India were due to pollution in 2019, and 
Delhi, currently flooded with Covid patients seeking oxygen, is the most 
polluted capital in the world. Obesity is also a growing concern in India, 
with high rates in urban areas where Covid outbreaks have been most 
concentrated. The prevalence of diabetes in those aged 50-69 years is 
over 30%, much higher than in other Asian countries. One in five women 

of reproductive age has undiagnosed high blood pressure.

All of these are significant risk factors for death from Covid. Having an 
unhealthy population also leads to excess deaths because non-Covid 
health services are suspended during such emergencies.

Despite these health needs, total health expenditure in India represents 
only 3.9% of GDP, well below the 5% minimum recommended to 
achieve universal health coverage. The nation remains starved of the 
resources needed for a robust, resilient and well-equipped health 
system.

What money is spent goes into an expensive hospital-based system 
predominantly delivered through the private sector. Most people do not 
have insurance and pay for care out of their own pockets. This can lead 
to unnecessary costs and delays in seeking care or getting tested, which 
is critical to controlling epidemics in the early stages.

No incentive to prevent disease

Private institutions operating in this way rely on people becoming 
unwell to generate revenue. There is no incentive to prevent disease. A 
largely commercialised and profit-driven system centred on treating 
disease has skewed investment away from essential public health 
functions. It is this market failure that is in part responsible for India's 
ailments, and many avoidable deaths during this epidemic.

Despite a recent expansion of primary care centres and a large health 
insurance scheme for the poor, infrastructure remains poorly aligned 
with need. As a result, capacities for infectious disease control like 
surveillance, testing, contact tracing, guidance and research were 
limited at the start of the pandemic. Efforts to prevent and control 
chronic diseases have also been traditionally neglected despite their 
escalating burden and early onset in the Indian population.

India is a high-risk setting for an epidemic, but the current situation was 
not inevitable. As more are infected, the pool of susceptible people will 
shrink, the virus will relent, and the country will rebuild. There will be a 
chance to reflect on the fundamental goals of the health system. For 
future epidemics, bolstering hospital capacity will be necessary but not 
sufficient. Death must be averted not just by treating disease, but by 
preventing it altogether.

This article was originally published in The Conversation on 30 April 
2021.

(Source: UCL news release)

The current Covid-19 crisis in India is the result of an underfunded healthcare system, lack of safety 
net for those who need to isolate, an unhealthy population, and overconfidence on the part of the 
political elite, says Dr Vageesh Jain (UCL Institute for Global Health).

Opinion
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Variants and COVID-19
As the vaccine rollout continues, experts still have concerns regarding mutated "variants" of SARS-CoV-2 
and how they may evade antibodies and therapies

What parts of the virus do COVID-19 vaccines and therapies 
target?

There is a spike protein on the surface of SARS-CoV-2 that allows the 
virus to find and latch on to a human cell. Almost all COVID-19 
vaccines use this protein as the means to stimulate an immune response.

In addition to vaccines, companies have manufactured antibodies 
directed to a specific region of the spike protein called the receptor-
binding domain. Authorized for emergency use in patients, these 
treatments aim to decrease symptoms, decrease the amount of virus in 
the nasopharynx (the back of the nose where it meets the throat), and 
prevent patients from being hospitalized.

Virologists are studying whether these antibodies could also serve as 
surrogates for a vaccine and whether, if administered prophylactically, 
they could prevent infection.

Why do viruses mutate and create new variants? Are current 
vaccines and treatments effective against new variants?

Mutations, changes in the genetic sequence of a virus, are a consequence 
of infection. The longer the virus is able to percolate in the population, 
the more chances it has to mutate, and the more evolutionary pressure 
there is for the virus to mutate to survive. Even though the mutation rate 
of SARS-CoV-2 is about 30 times slower than that of the influenza 
virus, the high number of global infections has led to mutations. Viruses 
usually mutate to cause milder illness because it is to the virus's 
advantage to keep their hosts alive in order to spread the virus and infect 
more people.

According to the Centers for Disease Control and Prevention (CDC), 
studies suggest that antibodies generated by vaccines currently 
authorized in the U.S. recognize the variants of concern identified as of 
April 2021.

However, laboratory studies from Columbia University, led by 
virologist David Ho (BS '74), predict that some variants of SARS-CoV-
2 could present a challenge for existing antibody therapies and vaccines. 
The data showed that some of the antibodies that were produced by the 
human body following the Moderna and Pfizer-BioNTech vaccines 
were no longer effective against a variant first identified in South Africa. 
Two of the antibody treatments currently available were found to be 
ineffective against that variant but still retained effective activity against 
another.

The lab is conducting additional studies to determine if people who were 
infected with the original strain of SARS-CoV-2 are prone to reinfection 
with the variants. More research is necessary to determine whether 
existing vaccines could still protect against disease even if they do not 
protect against infection.

What SARS-CoV-2 variants have been identified?

Scientists in the United Kingdom first reported the detection of the 
B.1.1.7 variant in December 2020. They estimate it emerged in 
September 2020 and it quickly became the dominant variant of the virus 
in England. The Centers for Disease Control and Prevention reports 
B.1.1.7 has spread to at least 120 countries. It was first identified in the 
U.S. in December 2020 and as of April 2021 represented a growing 
proportion of cases.

The variant B.1.351 was first identified in South Africa in October 2020 
and spread to the U.S. at the end of January 2021. As of April 2021, it 
was found in at least 64 countries and accounted for the majority of 
infections in South Africa.

According to the CDC, these two variants are roughly 50 percent more 
transmissible than the original SARS-CoV-2 virus.

The variant P.1 was initially identified in Brazil and Japan in January 
2021 and was found in at least 37 countries as of April 2021.

Other variants that have emerged in the U.S. include B.1.427 and 
B.1.429, first identified in California in February 2021, and B.1.526, 
detected in New York by Caltech researchers during the same month.

Could companies develop new vaccines against variants?

Use of mRNA platform technology, such as that used in the Pfizer-
BioNTech and Moderna vaccines, allows companies to create a new 
vaccine, or a booster, more quickly than with viral-vector or protein-
based methods. Those companies have begun adjusting the vaccines to 
target the variants and are testing these adjustments in animals. The 
clinical trial process is shorter for adjusted vaccines, compared to the 
trial process used to obtain emergency-use authorization.

What is a "pan coronavirus" vaccine, and how might it protect 
against variants and other types of coronaviruses?

SARS-CoV-2 belongs to a larger family of coronaviruses, which 
usually cause mild to moderate upper-respiratory tract illnesses such as 
the common cold. Most coronaviruses have regions of their spike 
proteins in common. Therefore, a vaccine potentially could be designed 
to target those common regions and provide protection against many 
types of coronaviruses.

Research groups, including the Bjorkman Lab at Caltech, are designing 
such vaccines. The challenge they face: When a vaccine stimulates the 
immune system, it tends to produce antibodies that target the receptor-
binding domain (RBD), the region at the tip of the protein spike where 
the protein binds to the host cell. But that region is not necessarily the 
same across different coronaviruses. Nonetheless, it might be possible 
to create a vaccine against one sub-grouping of coronaviruses—SARS-
like beta coronaviruses—by targeting a portion of the RBD that is less 
variable. It seems likely, though, that a pan coronavirus vaccine would 
need to trigger immune responses that target non-RBD regions of the 
spike protein.

(Source: Caltech news release, This article was reviewed by a member 
of Caltech's Faculty, The Caltech Science Exchange )

Explanation
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CRISPR demands thoughtful public engagement
Human genome editing requires difficult conversations between science and society

In October of 2020, Jennifer Doudna and Emmanuelle Charpentier were 
awarded the Nobel Prize in chemistry for their discovery of an 
adaptable, easy way to edit genomes, known as CRISPR, which has 
transformed the world of genetic engineering.

CRISPR has been used to fight lung cancer and correct the mutation 
responsible for sickle cell anemia in stem cells. But the technology was 
also used by a Chinese scientist to secretly and illegally edit the genomes 
of twin girls — the first-ever heritable mutation of the human germline 
made with genetic engineering.

“We've moved away from an era of science where we understood the 
risks that came with new technology and where decision stakes were 
fairly low,” says Dietram Scheufele, a professor of life sciences 
communication at the University of Wisconsin–Madison.

Today, Scheufele and his colleagues say, we're in a world where new 
technologies have very immediate and sometimes unpredictable but 
significant impacts on society. In a paper published the week of April 26 
in the Proceedings of the National Academy of Sciences, the researchers 
argue that such advanced tech, especially CRISPR, demands more 
robust and thoughtful public engagement if it is to be harnessed to 
benefit the public without crossing ethical lines.

The authors say that being thoughtful and transparent about public 
engagement goals and using evidence from social science can help 
facilitate the difficult conversations society must have about scientific 
issues like CRISPR and their societal implications. Effective public 
engagement, in turn, lays the groundwork for public ownership of 
advances that do arise from CRISPR.

Life sciences communication Professor Dominique Brossard and 
graduate student Nicole Krause, along with University of Vienna 
research assistant Isabelle Freiling, co-authored the report with 
Scheufele. The paper stems from a 2019 National Academy of Sciences 
colloquium on CRISPR.

Since 2012, when the CRISPR system was first described, scientists 
have understood both its genetic engineering potential and the need for 
public engagement to discuss the possible uses of the technology. Many 
scientists wanted to avoid rehashing the controversies surrounding 
genetically modified organisms, which have been harshly criticized as 
unnatural and unnecessary by some activists despite broad scientific 
support for their use.

Yet, Krause says, some scientists who supported using CRISPR began 
by errantly repeating the public engagement methods employed for 
GMOs, which “assumes that people just need more knowledge, more of 
an ability to understand the science.” Instead, Krause adds: “Solutions 
focused on tailoring communications to people's values would make 
more sense.”

This values-based public engagement strategy is supported by social 
science research into how people form and change their opinions around 
new technologies. Some public engagement methods engage value 
systems, and encourage thoughtful conversation, more than others.

For example, what researchers term “public involvement” and “public 
collaboration” are methods of two-way communication involving the 

joint exchange of information and values and the identification and 
design of science-based decisions that adhere to those values. That 
contrasts with “public communication,” which focuses only on the 
dissemination of scientific information.

Scheufele and his colleagues say that such collaborative approaches 
could help scientists widen the representation of voices in debates 
around science to groups who are often overlooked, such as people with 
disabilities or racial minorities.

“As the scientific community, we don't have a long track record of 
effective engagement mechanism with these communities,” says 
Scheufele. This failure to reach broader groups stems in part from the 
low participation rates of most science engagement events, which also 
attract highly selective audiences.

Another challenge is rewarding scientists for public engagement. 
“There's very little incentive in academia to do this kind of work,” says 
Scheufele.

A recent report by Brossard and others found that a majority of land-
grant faculty felt that public engagement was very important, but 
believed it was less important to their colleagues. That divide suggests 
scientists feel their engagement efforts won't be rewarded by their peers, 
says Brossard.

Now, Brossard, Krause, Scheufele and colleagues have a grant from the 
National Science Foundation to research how to depolarize debates 
around CRISPR. Previous studies suggest that making people 
accountable for their positions helps them think more critically about 
their underlying reasoning. And when social scientists emphasize the 
complexity inherent in people's values, it helps people consider 
controversial issues with more nuance.

But engaging a diverse society with pluralistic value systems in 
deliberations on the latest technologies will never be easy.

“The policymaking process involves a lot more than just science. 
Science will inform how we regulate technologies, and so will religious, 
political, ethical, regulatory and economic considerations,” says 
Scheufele. “And so the ability to actually do engagement in this much 
broader setting where we meaningfully contribute and guide the debate 
with the best available science is a major challenge.”

(Source: University of Wisconsin–Madison news release)

Eric Hamilton 
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The science behind how literature improves our lives
Literature wasn't invented just as entertainment or a way to deliver messages to readers

If you really want to understand literature, don't start with the words on a 
page – start with how it affects your brain.

That's the message from Angus Fletcher, an English professor with 
degrees in both literature and neuroscience, who outlines in a new book 
a different way to read and think about stories, from classic literature to 
pulp fiction to movies and TV shows.

Literature wasn't invented just as entertainment or a way to deliver 
messages to readers, said Fletcher, who is a professor at The Ohio State 
University.

“Stories are actually a form of technology. They are tools that were 
designed by our ancestors to alleviate depression, reduce anxiety, kindle 
creativity, spark courage and meet a variety of other psychological 
challenges of being human,” Fletcher said.

“And even though we aren't taught this in literature classes today, we can 
still find and use these emotional tools in the stories we read today.”

Fletcher explains these concepts in his book Wonderworks: The 25 Most 
Powerful Inventions in the History of Literature.

For example, in a chapter about fighting loneliness, he discusses how 
reading The Godfather by Mario Puzo may help. A chapter on feeding 
creativity talks about the virtues of Alice in Wonderland and Winnie-the-
Pooh. Looking for the best way to make your dreams come true? For 
that, Fletcher proposes the TV show 30 Rock.

Wonderworks doesn't ignore the classics: The book discusses how 
reading Shakespeare can help us heal from grief, Virginia Woolf can 
assist readers in finding peace of mind, and Homer can support those 
needing courage.

Fletcher said his neuroscience background very much influences the 
approach to literature he takes in Wonderworks.

“When you read a favorite poem or story, you may feel joy, you feel a 
sense of empathy or connection. One of the things I do in the book is 
provide the scientific validation for the things we've long felt when 
we've read favorite books or watched movies or TV shows that we 
loved,” he said.

“From my neuroscience background and studies that I've done, I can see 
how literature's inventions plug into different regions of our brain, to 
make us less lonely or help us build up our courage or do a variety of 
other things to help us. Every story is different and is, in effect, a 
different tool.”

Fletcher said to truly understand the power of literature requires a 
different way of approaching stories from what is offered by most 
traditional literature courses.

The usual method of teaching literature focuses on the words, asking 
students to look for themes, to consider what the author intended to say 
and mean. But that's not the focus at 'Project Narrative', an Ohio State 
program of which Fletcher is a member.

“At Project Narrative, we reverse the process. Instead of looking at the 
words first, we look first at what is going on in your mind. How does this 
story make you feel? We look at how people are responding to the 
characters, the plot, the world that the author created,” Fletcher said.

After examining how the story makes you feel, the second part of the 
process is to trace that feeling back to some invention of the story, 
whether it is the plot, a character, the narrator, or the world of the story.

The themes of the story, or what the author means to say, are less 
important in this approach to literature. That means when you are 
looking for a book to stimulate your courage, you don't have to look for a 
book that has “courage” in the title or even as one of its themes according 
to traditional literature analysis, Fletcher said.

“Courage comes from reading a work of literature that makes us feel like 
we're participating in something bigger than ourselves. It doesn't have to 
mention courage or have courage be one of its themes,” he said. “That's 
not relevant.”

For example, you wouldn't think of reading The Godfather to ward off 
loneliness. But Fletcher said it can have this effect, partly through its use 
of a specific operatic technique.

In Wonderworks, Fletcher explains how some operas feature a period of 
dissonant and turbulent music that is eventually resolved by a sweet 
harmony.

“The clashing and discordant music is upsetting, but then the sweet 
relief of harmony comes and releases dopamine in our brain, bonding us 
to the music,” he said.

“Puzo does the same thing in The Godfather, by creating chaos and 
tension in a chapter and then just partly resolving it at the end, giving us 
this partial dopamine rush that bonds us to the characters and to the story 
and makes us feel like they are friends.”

And even though it may not be good to be friends with gangsters in real 
life, the dopamine rush that we get from befriending the Corleone family 
can help ward off loneliness, he said.

If you're reading stories like The Godfather while isolated during the 
COVID-19 pandemic, it may even help ease the transition back to 
normal life when the world opens back up.

Neuroscientists have discovered that a part of the brain, called the dorsal 
raphe nucleus, helps us make friends, Fletcher said. It contains a cluster 
of dopamine neurons that are primed for short periods of loneliness and 
stand ready to encourage us to be sociable when we again meet people.

But if our isolation lasts weeks or months, like during the pandemic, that 
priming fades and our brain hunkers down in isolation – making it 
harder to re-connect with people.

“So what The Godfather and other stories can do is wake up the dorsal 
raphe nucleus and make it easier to rejoin society when the pandemic is 
over,” he explained.

Fletcher said the use of operatic techniques in The Godfather is just one 
example of how literature can be a form of technology. And he hopes 
more people will want to figure out how these technological tools in 
literature really work in our brains.

“The idea behind the book is to give you a different way of reading, one 
that unlocks the extraordinary power of literature to heal your brain, give 
you more joy, more courage, whatever you need in your life.”

(Source: The Ohio State University news release)

Jeff Grabmeier and Aaron Nestor
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Biological Sciences - Ecology
Human use of antibiotics threatens wild chimpanzees

By misusing antibiotics, people can actually harm not only themselves, but also the environment 

The number of chimpanzees in Gombe 
National Park, the site of Jane Goodall's 
groundbreaking field studies, are down to 
about 95. "By misusing antibiotics, people can 
actually harm not only themselves, but also 
the species they share an environment with," 
says Emory disease ecologist Thomas 
Gillespie It is well established that infectious 
disease is the greatest threat to the endangered 
chimpanzees made famous by the field studies 
of Jane Goodall at Gombe National Park in 
Tanzania. Now, new research led by scientists 
at Emory University shows that nearly half of 
the fecal samples from wild chimpanzees 
contain bacteria that is resistant to a major 
class of antibiotics commonly used by people 
in the vicinity of the park. The research was 
published in the journal Pathogens.

The researchers tested for genes conferring 
resistance to sulphonamides - drugs often 
used by people in the region to treat diarrheal 
diseases - in fecal samples from humans, 
domestic animals, chimpanzees and baboons 
in and around Gombe National Park. They 
also tested stream water used by these groups.  

Sulfonamide resistance appeared in 74 
percent of the human samples overall, 48 
percent of chimpanzee samples, 34 percent of 
baboon samples, and 17 percent of the 
domestic animal samples. Sulfonamide also 
showed up in 19 percent of the samples taken 
from streams shared by people, domestic 
animals and wildlife. 

The researchers also tested all the groups in 
the study for genes conferring resistance to 
tetracycline — another class of antibiotics 
that is used much less frequently by people in 

the vicinity, likely due to its greater expense 
and the fact that it is less available in the area. 
As expected, very few of the fecal samples 
from any of the groups, and none of the water 
samples from the streams, showed evidence of 
tetracycline resistance. 

Diarrheal diseases are common in the area and 
people often turn to cheap sulfonamide 
antibiotics that are available without a 
prescription at small stores that act as informal 
pharmacies, selling drugs, soap and other 
necessities. Wild chimpanzees also suffer 
from wasting diseases that can be related to 
bacterial and other enteric pathogens that 
affect their ability to maintain calorie intake 
and absorb nutrients. More guidance is needed 
locally regarding the proper use of antibiotics, 
Gillespie says. He adds that it is also important 
to improve hygiene for wash-related activities 
in area streams, as well as to improve disposal 
of human waste materials. 

Source: Edited from Emory University news 
release

Biological Sciences - Evolutionary Biology
Animals also laugh

Researchers found such vocal play behaviour documented in at least 65 species

In a new article published in the journal 
Bioacoustics, primatologist and UCLA 
anthropology graduate student Sasha Winkler 
and UCLA professor of communication Greg 
Bryant take a closer look at the phenomenon 
of laughter across the animal kingdom. The 
pair combed through the existing scientific 
literature on animal play behavior, looking for 
mentions of vocal play signals — or what 
might be thought of as laughter. They found 
such vocal play behavior documented in at 
least 65 species. That list includes a variety of 
primates, domestic cows and dogs, foxes, 
seals, and mongooses, as well as three bird 
species, including parakeets and Australian 
magpies. “This work lays out nicely how a 
phenomenon once thought to be particularly 
human turns out to be closely tied to behavior 
shared with species separated from humans by 
tens of millions of years,” Bryant said.

The researchers looked for information on 
whether the animal vocalizations were 

recorded as noisy or tonal, loud or quiet, high-
pitched or low-pitched, short or long, a single 
call or a rhythmic pattern — seeking known 
features of play sounds. There's much existing 
documentation of play-based body language 
among animals, such as what is known as 
“play face” in primates or “play bows” in 
canines, the researchers noted. Since what 
constitutes “play” in much of the animal 
kingdom is rough-and-tumble and can also 
resemble fighting, play sounds can help 

emphasize non-aggression during such 
physical moments, the article suggests. “When 
we laugh, we are often providing information 
to others that we are having fun and also 
inviting others to join,” Winkler said. “Some 
scholars have suggested that this kind of vocal 
behavior is shared across many animals who 
play, and as such, laughter is our human 
version of an evolutionarily old vocal play 
signal.”

While Winkler and Bryant say that further 
observation and research into vocalizations 
would be fruitful, they also note that such 
observations can be hard to come by in the 
wild, especially for animals whose play sounds 
might be quieter. Paying attention to other 
species in this way sheds light on the form and 
function of human laughter, the researchers 
write, and helps us to better understand the 
evolution of human social behavior.

Source: Based on UCLA news release 
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Snake venom targets the right prey

The study shows that evolutionary diversity among prey has been the key driver of venom complexity

A recent study shows that evolutionary 
diversity among prey – say, a combination of 
mice, turtles and fish – has been the key driver 
of venom complexity in rattlesnakes, 
copperheads and other North American pit 
vipers. To arrive at this conclusion, resea-
rchers added data on the genes and proteins in 
venom samples to a century's worth of 
previous studies of what snakes ate. The team 
found that a diet consisting of prey with the 
greatest evolutionary distance between 
common ancestors was associated with snake 
venom that contained the widest range of 
toxins. Snake venom incapacitates prey by 
disrupting a variety of physiological 
processes, attacking the nervous system, 
blood-clotting capabilities, cell membranes 
and muscles. So, for example, a snake that eats 
mammals and amphibians would need venom 
that could act on the quite different 
constitutions found in each of those classes of 
animals. “A mouse is a mouse is a mouse to a 
rattlesnake, whereas a mouse and a frog and a 
lizard are quite different – because of the way 

that they're built, their physiology, and the 
way venom attacks them,” said H. Lisle 
Gibbs, professor of evolution, ecology and 
organismal biology at The Ohio State 
University and a co-author of the study.

The finding suggests that species richness – 
the number of different species in an 
ecological community – is not the driving 
force behind predator trait complexity. 
Instead, snake venom complexity has evolved 
in response to the divergence, or how distantly 
related prey species are, to mirror the 
divergence of the venom's physiological 
targets. The research is published online 
(April 19, 2021) in the journal Proceedings of 

the National Academy of Sciences.

The study was a massive field-work and 
computational undertaking, involving 
capturing snakes in their natural habitats to 
collect their venom and the analysis of large 
sets of genetic data and historic ecological 
information to explore the evolutionary 
relationships between diet and venom 
complexity. Researchers analyzed biological 
samples from 169 front-fanged venomous 
snakes, a group that includes rattlesnakes, 
cottonmouths and cantils, comparing the 
protein complexity of the venom itself to the 
genes that had been expressed in the venom 
glands. The data analysis allowed the 
scientists to confirm that what was seen at the 
genetic level reflected the complexity of 
venom based on its protein content, and also 
served as the basis of a new tree of 
evolutionary relationships for this group of 
snakes.

Source: Edited from The Ohio State University 
news release

Biological Sciences - Evolutionary Biology
Breeding microbiomes

Researchers manipulate communities of microorganisms to perform specific functions

Humans have been harnessing microbial 
activity since our earliest efforts to turn barley 
into beer or grapes into wine. But beyond the 
ecological theories at the heart of ferm-
entation, engineering whole bacterial 
communities has thwarted scientists. In 
findings published in Nature Ecology & 
Evolution, a team of researchers at Yale's West 
Campus have turned the tables on previous 
work to manipulate communities of micro-
organisms, also known as microbiomes, to 
perform specific functions by breeding them. 
The question of whether groups of organisms 
respond to evolution as a collective – through 
so called multi-level selection - has been 
studied for decades, but with mixed results. 
“The idea of breeding whole microbial 
communities is immensely exciting, but 
previous attempts have not always worked 
and it was not clear why. We wanted to 
understand what had gone wrong in previous 
experiments, including our own” explained 
senior author Alvaro Sanchez, Assistant 
Professor of Ecology and Evolutionary 

Biology at the Microbial Sciences institute.

For artificial selection to work, genetic 
variation between groups needed to be 
boosted through the continuous introduction 
of new strains and the elimination of others.  
But in earlier studies Sanchez found that 
species evolution alone was insufficient to 
meet this need, with spontaneous mutations 
failing to compensate the loss of genetic 
variation caused by selection. Re-examining 
the question in his Microbial Ecology and 
Evolution class, Sanchez set to work with 
Graduate students Chang-Yu Chang, Jean 
Vila, Richard Li and Madeleine Mankowski, 
and Yale college senior Maddie Bender to try 
to find a more efficient method of breeding 
microbial communities. Using computer 

models to simulate growth, the team appr-
oached the problem from a totally different 
perspective. First, microbial communities had 
to be in a stable state before they were selected 
for breeding. But then, after selection, instead 
of removing variation the scholars 'fed' new 
genetic material between communities, 
resulting in an increase in average function. 
“Previous techniques for breeding micro-
biomes effectively removed the variation 
needed for selection to act,” said Yale graduate 
student Jean Vila, a co-author of the study. “By 
drawing inspiration from the field of directed 
molecular evolution we have come up with 
new methods to generate stable variants which 
we can then select.” Whether tackling 
pathogens on plants or in the healthcare 
setting, or in refining ethanol products, the 
scholars' new protocol holds significant 
promise for wide deployment wherever the 
collective functions of stable bacteria are 
beneficial.

Source: Edited from Yale University news 
release 
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Mice learn spatial aspects through smell
Mice can sense extremely fast and subtle changes in the structure of odours and use this to guide their behaviour

The findings, published in Nature, alter the 
current view on how odours are detected and 
processed in the mammalian brain. Using 
behavioural experiments where mice were 
exposed to incredibly short bursts of odour, 
neural imaging, electrophysiology and 
computer models, the scientists found that 
mice can, in fact, detect very rapid fluctu-
ations within odour plumes, at rates 
previously not thought possible. They also 
showed that mice can use this information to 
distinguish whether odours are coming from 
the same or different sources, even if they are 
very close to each other. This suggests that the 
mammalian olfactory system, responsible for 
the sense of smell, is also key in processing the 
awareness of physical space and surro-
undings, guiding decisions important to 
survival. Senior author Professor Andreas 
Schaefer (UCL Neuroscience, Physiology & 
Pharmacology and Francis Crick Institute) 
said: “From an evolutionary point of view, our 
findings make sense as they help to explain 
why there is a lot of computational power 

within the olfactory bulb, the part of the brain 
where the nose sends signals to. It isn't just 
processing chemicals from odours but can 
also calculate information about physical 
distance and source. In one key experiment, 
the scientists trained mice to detect whether 
two odours were coming from the same 
source or separate sources. The mice were 
able to correctly distinguish this difference 
even when the odours were released in short 

thblips, lasting only a 40  of a second each (40 
Hz).

First author, Dr Tobias Ackels (UCL 
Neuroscience, Physiology & Pharmacology 
and Francis Crick Institute) said: “Previous 

research into the sense of smell was done on 
the assumption that mice couldn't distinguish 
the fine, fluctuating information in odour 
plumes. “We've shown that mice can access 
and process this information – this opens up a 
new dimension for studying the brain; we can 
run experiments that more effectively trigger 
neurons in a natural way and challenge the 
olfactory bulb. This will allow us to find out 
more about how this part of the brain works 
and how information about the world is 
extracted by neural circuits.” As part of the 
study, the scientists designed new tech-
nologies including a highspeed odour delivery 
device and equipment that can measure several 
odours simultaneously with extremely high 
precision. These innovations will enable more 
sophisticated work on the olfactory bulb, 
increasing our knowledge of how this brain 
region processes information about the 
environment and influences behaviour. 

Source: University College London news 
release

Biological Sciences - Evolutionary Biology
History of giant viruses by genetic analysis

Scientists investigate the evolution of Mimivirus, through how they replicate DNA

Researchers from the Indian Institute of 
Technology Bombay shed light on the origins 
of Mimivirus and other giant viruses, helping 
us better understand a group of unique 
biological forms that shaped life on earth. In 
their latest study published in the journal 
Molecular Biology and Evolution, the 
researchers show that giant viruses may have 
come from a complex single-cell ancestor, 
keeping DNA replication machinery but 
shedding genes that code for other vital 
processes like metabolism. Giant viruses are 
very common in oceans and other water 
bodies. They infect single-celled aquatic 
organisms and have major effects on the 
latter's population. Dr. Kiran Kondabagil, 
molecular virologist at IIT Bombay, suggests, 
“Because these single-celled organisms 
greatly influence the carbon turnover in the 
ocean, the viruses have an important role in 
our world's ecology. So, it is just as important 
to study them and their evolution, as it is to 
study the disease-causing viruses.”

Dr. Kondabagil and co-researcher Dr. Supriya 
Patil performed a series of analyses on major 

genes and proteins involved in the DNA 
replication machinery of Mimivirus, the first 
group of giant viruses to be identified. They 
aimed to determine which of two major 
suggestions regarding Mimivirus evolution - 
the reduction and the virus-first hypotheses - 
were more supported by their results. The 
reduction hypothesis suggests that the giant 
viruses emerged from unicellular organisms 
and shed genes over time; the virus-first 
hypothesis suggests that they were around 
before single-celled organisms and gained 
genes, instead. The researchers created 
phylogenetic trees with replication proteins 
and found that those from Mimivirus were 

more closely related to eukaryotes than to 
bacteria or small viruses. Additionally, they 
used a technique called multidimensional 
scaling to determine how similar the Mimiviral 
proteins are and their findings showed greater 
similarity. Finally, the researchers showed that 
genes related to DNA replication are similar to 
and fall under purifying selection, which is 
natural selection that removes harmful gene 
variants, constraining the genes and preventing 
their sequences from varying. Such a 
phenomenon typically occurs when the genes 
are involved in essential functions (like DNA 
replication) in an organism. These results 
imply that Mimiviral DNA replication 
machinery is ancient and evolved over a long 
period of time. This narrows us down to the 
reduction hypothesis, which suggests that the 
DNA replication machinery already existed in 
a unicellular ancestor, and the giant viruses 
were formed after getting rid of other 
structures in the ancestor, leaving only 
replication-related parts of the genome.

Source: IIT Mumbai news release 
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Microbial networking in infections

Bacteria, viruses, and fungi work as a network in causing lung infection

An international research team led by 
Nanyang  Technolog ica l  Univers i ty, 
Singapore (NTU Singapore) has proposed a 
new way of understanding infections. Their 
study of close to 400 respiratory samples from 
patients with bronchiectasis, a chronic lung 
condition, has shown that microbes in the 
body exist as a network, and that an infection's 
severity could be a result of interactions 
between these microbes. Through statistical 
modelling of data from these respiratory 
samples, the scientists found that flare-ups of 
coughs and breathlessness occurred more 
often when there were 'negative interactions' 
between communities of bacteria, viruses and 
fungi in the airways. A negative interaction 
occurs when the microbes compete than 
cooperate with one another. These findings, 
published in Nature Medicine in April, bring 
the scientists one step closer to developing a 
new way of tackling infections, by targeting 
microbial interactions rather than the specific 
microbes.

Assistant Professor Sanjay Haresh Chotirmall 
from the NTU Lee Kong Chian School of 
Medicine, who led the study, said: “Our 

current understanding of infections is that 
they occur when harmful microbes enter our 
bodies. This model of understanding, 
however, fails to account for resident 
microbes or explain why some patients with 
infection respond to antibiotics to which the 
microbe is resistant in laboratory testing. We 
are therefore proposing that microbes exist as 
networks, where interactions happen and that 
the resistant antibiotic in this case targets 
another microbe with which the culprit is 
interacting. 

To investigate interactions between microbes 
in the airways of patients with bronchiectasis, 
the team collected respiratory (sputum) 
samples from 383 patients from Singapore, 
Malaysia, Italy, and Scotland, including 

s a m p l e s  b e f o r e ,  d u r i n g  a n d  a f t e r 
bronchiectasis flare-ups. After analysing the 
genetic material from bacteria, fungi and 
viruses in the samples, the scientists assessed 
for possible microbial interactions and found 
that patients with frequent flare-ups had more 
negative interactions, where microbes 
compete rather than cooperate, and that the 
number of such negative interactions 
increased even further during a flare-up. While 
changes to interactions between microbes 
during flare- ups was detected, there was 
surprisingly minimal change to the type and 
quantity of microbes present during a flare-up, 
and even after antibiotics were administered. 
The scientists believe that these findings 
suggest that microbial interactions potentially 
drive frequent flare-ups in patients. Using 
these findings, the scientists have developed 
an online tool to help other researchers and 
physicians analyse microbial interactions in 
their own patient samples through the 
microbes' genetic sequences.

Source: National Technological University 
Singapore news release

Chemical Sciences - Materials

Material that is at twice as “magnetostrictive”
The property that makes fluorescent lights buzz could power a new generation of computing devices

A team led by University of Michigan 
researchers has developed a material that is at 
least twice as “magnetostrictive” and far less 
costly than other materials in its class. In 
addition to computing, it could also lead to 
better magnetic sensors for medical and 
security devices. Magnetostriction, which 
causes the buzz of fluorescent lights and 
electrical transformers, occurs when a 
material's shape and magnetic field are 
linked—that is, a change in shape causes a 
change in magnetic field. The property could 
be key to a new generation of computing 
devices called magnetoelectrics. Made of a 
combination of iron and gallium, the material 
is detailed in a paper published May 12 in 
Nature Communication. The team is led by U-
M materials science and engineering 
professor  John  Heron  and  inc ludes 
researchers from Intel; Cornell University; 
University of California, Berkeley; University 
of Wisconsin; Purdue University and 
elsewhere. Magnetoelectric devices use 

magnetic fields instead of electricity to store 
the digital ones and zeros of binary data. Tiny 
pulses of electricity cause them to expand or 
contract slightly, flipping their magnetic field 
from positive to negative or vice versa. 
Because they don't require a steady stream of 
electricity, as today's chips do, they use a 
fraction of the energy. “A key to making 
magnetoelectric devices work is finding 
materials whose electrical and magnetic 
properties are linked.” Heron said. “And more 
magnetostriction means that a chip can do the 
same job with less energy.”

The research team used a process called low-
temperature molecular-beam epitaxy to 
essentially freeze atoms in place, preventing 
them from forming an ordered structure as 
more gallium was added. This way, Heron and 
his team were able to double the amount of 
gallium in the material, netting a tenfold 
increase in magnetostriction compared to 
unmodified iron-gal l ium al loys.  The 
magnetoelectric devices made in the study are 
several microns in size—large by computing 
standards. But the researchers are working 
with Intel to find ways to shrink them to a more 
useful size that will be compatible with the 
company's magnetoelectric spin-orbit device 
(or MESO) program, one goal of which is to 
push magnetoelectric devices into the 
mainstream. While a device that uses the 
material is likely decades away, Heron's lab 
has filed for patent protection through the U-M 
Office of Technology Transfer.

Source: University of Michigan news release
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Engineered 'living' machines

New soft, responsive metamaterial holds potential for wide variety of societal benefits

A team of Penn State and U.S. Air Force 
researchers produced a soft, mechanical 
metamaterial that can “think” about how 
forces are applied to it and respond via 
programmed reactions. This platform holds 
great potential for a variety of applications 
from medical treatments to improving the 
environment. The research was published in 
Nature Communications.  "We created soft, 
mechanical metamaterials with flexible, 
conductive polymer networks that can 
compute all digital logic computations,” said 
Ryan  Harne ,  J ames  F.  Wi l l  Ca ree r 
Development Associate Professor, Penn 
State. "Our paper reports a way to create 
decision-making functionality in engineered 
materials in a way that could support future 
soft, autonomous engineered systems that are 
invested with the basic elements of lifeforms 
yet are programmed to perform helpful 
services for people. These could include 
helping maintain sustainable and robust 
infrastructure, monitoring of airborne and 
waterborne contaminants and pathogens, 
assisting with patient wound healing, and 
more.”

Human thought processes are based on logic, 
Harne notes, which is similar to Boolean logic 
from mathematics. This approach uses binary 
inputs to process binary control outputs - 
using only "on" and "off" sequences to 
represent all thought and cognition. The soft 
materials that the research team created 
"think" using the reconfiguration of the 
conductive polymer networks. Mechanical 
force, applied to the materials, connects, and 
reconnects the network. Using a low voltage 
input into the materials, the research team 
created a way for the soft material to decide 
how to react according to the output voltage 
signal from the reconfigured conductive 
polymer network. 

The type of logic that Harne and the team uses 
goes beyond pure mechanical logic, which is a 
way of using combinations of bistable 
switches - switches with two stable states - to 
represent the "0s" and "1s" of a binary number 
sequence. They found that when they used 
pure mechanical logic, the researchers ended 
up getting stuck because certain logical 
operations cannot be constructed. The key to 
realizing all the logic gates was in the 
combination of the electrical polymer network 
with the soft, deformable material. The 
researchers created the logic operations by 
simultaneously reconfiguring the soft material 
and the electrically conductive network. This 
also ensures that the binary output is in the 
form of electricity, which is needed to drive an 
actuation mechanism that makes the material 
respond to the applied mechanical force. The 
combination of electrical and mechanical 
signals allows the machine to move to get out 
of the way or to push back in a certain 
direction.

Source: Edited from Penn State news release
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Nanotraps for coronavirus
Potential COVID-19 treatment pairs nanoparticles with immune system to search and destroy viruses

Researchers at the University of Chicago have 
designed a completely novel potential 
treatment for COVID-19: nanoparticles that 
capture SARS-CoV-2 viruses within the body 
and then use the body's own immune system to 
destroy them. These “nanotraps” attract the 
virus by mimicking the target cells the virus 
infects. When the virus binds to the nanotraps, 
the traps then sequester the virus from other 
cells and target it for destruction by the 
immune system. The results were published 
April 19 in the journal Matter. To design the 
nanotrap, the research team—led by 
postdoctoral scholar Min Chen and graduate 
student Jill Rosenberg—looked into the 
mechanism SARS-CoV-2 uses to bind to 
cells: a spike-like protein on its surface that 
binds to a human cell's ACE2 receptor protein.  
To create a trap that would bind to the virus in 
the same way, they designed nanoparticles 
with a high density of ACE2 proteins on their 
surface. Similarly, they designed other 
nanoparticles with neutralizing antibodies on 

their surfaces. Made of FDA-approved 
polymers and phospholipids, the nano-
particles are about 500 nanometers in 
diameter—much smaller than a cell. That 
means the nanotraps can reach more areas 
inside the body and more effectively trap the 
virus.  Then, to check to make sure the tiny 
particles looked the way they expected, they 
partnered with the lab of Assoc. Prof. Bozhi 
Tian to use electron microscopes to get a good 
look. “From our imaging, we saw a solid core 
and a lipid bilayer shell. That's the essential 
part because it mimics the cell,” said Tian, 
who is appointed in the Department of 
Chemistry.

The researchers tested the safety of the system 
in a mouse model and found no toxicity. They 
then  tes ted  the  nanot raps  aga ins t  a 
pseudovirus—a less potent model of a virus 
that doesn't replicate—in human lung cells in 
tissue culture plates and found that they 
completely blocked entry into the cells.  Once 
the  pseudovi rus  bound i t se l f  to  the 
nanoparticle—which in tests took about 10 
minutes after injection—the nanoparticles 
used a molecule that calls the body's 
macrophages to engulf and degrade the 
nanotrap. Macrophages will generally eat 
nanoparticles within the body, but the nanotrap 
molecule speeds up the process. The 
nanoparticles were cleared and degraded 
within 48 hours. The nanotraps can be stored in 
a standard freezer and could ultimately be 
given via an intranasal spray, which would 
place them directly in the respiratory system 
and make them most effective.

Source: University of Chicago news release 
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A degradable battery
Researchers developed a new metal-free battery platform that could lead to more sustainable, recyclable batteries.

A multidisciplinary team of researchers from 
Texas A&M University has made a break-
through that could lead to battery production 
moving away from cobalt. In an article 
published in the May issue of Nature, Jodie 
Lutkenhaus, Axalta Coating Systems Chair 
and professor in the Artie McFerrin 
Department of Chemical Engineering, and 
Karen Wooley, distinguished professor in the 
Department of Chemistry and holder of the 
W.T. Doherty-Welch Chair in Chemistry, 
outline their research into a new battery 
technology platform that is completely metal-
free. This new battery technology platform 
uses a polypeptide organic radical cons-
truction. “By moving away from lithium and 
working with these polypeptides, which are 
components of proteins, it really takes us into 
this realm of not only avoiding the need for 
mining precious metals, but opening 
opportunities to power wearable or impla-
ntable electronic devices and also to easily 
recycle the new batteries,” said Wooley. 

“They are degradable, they are recyclable, 
they are non-toxic and they are safer across 
the board.”

The all-polypeptide organic radical battery 
composed of redox-active amino-acid 
macromolecules also solves the problem of 
recyclability. The components of the new 
battery platform can be degraded on demand 
in acidic conditions to generate amino acids, 
other building blocks and degradation 
products - one of the major breakthroughs in 
this research, according to Lutkenhaus. “The 
big problem with lithium-ion batteries right 
now is that they're not recycled to the degree 

that we are going to need for the future 
electrified transportation economy,” Lutk-
enhaus said. “The rate of recycling lithium-ion 
batteries right now is in the single digits. There 
is valuable material in the lithium-ion battery, 
but it's very difficult and energy intensive to 
recover.” The development of a metal-free, all-
polypeptide organic radical battery composed 
of redox-active amino-acid macromolecules 
that degrade on demand marks significant 
progress toward sustainable, recyclable 
batteries that minimize dependence on 
strategic metals. As a next step, Wooley and 
Lutkenhaus  have  begun  work ing  in 
collaboration with Daniel Tabor, assistant 
professor in the Department of Chemistry, 
through a 2020 Texas A&M Triads for 
Transformation (T3) grant that aims to utilize 
machine learning to optimize the materials and 
structure of the battery platform.

Source: Texas A&M University news release 
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High-sensitivity Gallium Nitride Biosensors
The improved biosensor model can detect other types of cancer and various diseases

Researchers from the Indian Institute of 
Technology Bombay (IIT Bombay) have 
developed a model for the GaN biosensor 
more accurate than the currently available 
models. The model considers the surface 
charge at the interface of the transistor and the 
solution that contains the 'analyte' –– the 
biomolecule to be detected, which earlier 
models did not consider. Their research was 
published in the journal IEEE Sensors Letters. 
In the model the researchers created, they 
derived a mathematical expression that 
calculates the current through the device 
based on the electrical and physical properties 
of the biosensor, the biomarker concentration 
and the voltage applied at the gate. To 
demonstrate their model, they used it to model 
the performance of a device to detect a 
molecule called prostate-specific antigen, the 
concentration of which increases in the case of 
prostate cancer. For different molecule 
concentrations, the researchers calculated the 
current flowing through the device as the 
voltage at the gate varied. The researchers 
validated their model against the values of the 
current calculated by a computational model 

that considers the effect of the charge layer at 
the interface. The values calculated by the 
analytical model proposed by the designers 
are seen to be in good agreement with the 
values calculated by the computational 
method.

The researchers used their model to predict 
the biosensor's sensitivity, a measure of how 
much the current will change for a specific 
change in the target molecule concentration. 
They also compared the sensitivity predicted 
using their model with the sensitivity values 
experimentally measured by other teams for a 
similar setup. They found that the calculated 
sensitivity value showed a 10% deviation 
from the experimentally measured value. “We 

present a simple analytical formulation that 
will help designers optimise the device 
performance using just an equation. They will 
not need to use the expensive computational 
techniques to optimise the device design,” 
comments Prof Tallur. The researchers say that 
the model could be extended to accurately 
estimate sensitivity for biosensors that can 
detect other types of cancer and various 
diseases characterized by early warning 
biomarkers. Gallium nitride devices can 
operate in harsh conditions, such as highly 
corrosive and high-temperature environments. 
This makes the GaN devices an attractive 
option for developing robust and reliable, high 
sensitivity environmental monitoring sensors 
with long service life, such as agricultural 
sensors for water quality monitoring, “With the 
growing adoption of GaN-based chips across 
various industries, the application space for 
GaN-based biosensors is expected to grow 
significantly in the coming years,” concludes 
Prof Tallur. 

Source: IIT Bombay news release 
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Novel piezoelectric material
Researchers probe properties of the new material, say better for micro- and nanodevices

Piezoelectric materials are also used as 
sensors or moving parts controlled by an 
electric signal in micrometer- and nanometer-
sized devices. In a recent study, researchers 
from the Indian Institute of Technology 
Bombay (IIT Bombay) have proposed a new 
piezoelectric material with a better piezo-
electric response than the commonly-used 
piezoelectric ceramics. That is, the material 
could produce a large force from a small input 
electric signal. Their findings have been 
published in the European Journal of 
Mechanics - A/Solids.  The novel material, 
called Graphene Reinforced Piezoelectric 
Composite (GRPC), has fibres of PZT (lead 
zirconate titanate) and graphene nanoparticles 
embedded in an epoxy base. PZT is very 
brittle and requires epoxy to enhance the 
material's strength. “We chose epoxy because 
it is easily available in the market and easy to 
work with,” says Prof. Susmita Naskar from 
IIT Bombay explaining their choice of 
material.

The team investigated GRPC's piezoelectric 
response and elastic coefficient using 

theoretical and computational models. These 
theoretical models used the properties of each 
constituent material and their proportions to 
calculate these properties. Some models also 
considered how the different components 
interacted with one another. While theoretical 
models can provide quick insights, they are 
still limited by their assumptions, which need 
to be investigated. “Our computational 
models accounted for the different shapes and 
orientations of PZT fibre and graphene 
nanoparticles,” adds Dr. Kishor Balasaheb 
Shingare of IIT Bombay, explaining the 
importance of their computations. Dr. 
Shingare investigated both GRPC and the 

conventional  P Z T-epoxy material-  a 
piezoelectric ceramic- and compared their 
properties. They applied an electric field and 
stretched the materials in different directions 
in the simulation to check for stress developed 
in the materials. They observed that both 
piezoelectric and elastic properties of GRPC 
were better than in conventional PZT-epoxy 
materials. The presence of graphene made 
deformation more difficult, and the GRPC 
devices could remain rigid and maintain their 
shape while also generating about double the 
force in the presence of electric fields. 
“Graphene is a very light material and yet 
extremely stiff. The main reason behind the 
improved effective properties (in GRPC) is 
due to graphene, which has a large surface area 
for interaction with PZT fibre and epoxy,” 
explains Dr. Shingare. This study can help 
make more effective piezoelectric-based 
devices in the future. Building robots or 
satellites require light materials that are 
multipurpose, and the researchers envisage 
that GRPC could be a very good fit for that.

Source: IIT Bombay news release

Chemical Sciences - Materials

Novel intelligent material
These smart materials could potentially be used in many things from drug delivery to energy storage

Researchers from the Centre for Advanced 2D 
Materials (C A2D M) at  the National 
University of Singapore (NUS) have created a 
new class of intelligent materials. It has the 
structure of a two-dimensional (2D) material, 
but behaves like an electrolyte – and could be a 
new way to deliver drugs within the body. Just 
like traditional electrolytes, these new “2D-
electrolytes” dissociate their atoms in 
different solvents, and become electrically 
charged. Furthermore, the arrangement of 
these materials can be controlled by external 
factors, such as pH and temperature, which is 
ideal for targeted drug delivery. The 2D-
electrolytes also show promise for other 
applications that require a material to be 
responsive to environmental changes, such as 
artificial muscles and energy storage. The 
team is led by Professor Antonio Castro Neto, 
Director of CA2DM, and comprised 
researchers from CA2DM, as well as the NUS 
Department of Physics, and the NUS 
Department of Materials Science and 
Engineering. The research was published in 
the journal Advanced Materials.

In materials science, a 2D material is a solid 
material that exists in a single layer of atoms. 
It can be thought of as an atomically-thin sheet 
that has a specific height and width, but 
effectively no depth, hence, it is essentially 
two-dimensional. On the other hand, an 
electrolyte is a substance that produces an 
electrically conducting suspension when 
dissolved in a solvent, such as water. The 
results from the NUS researchers show the 
first instance of materials that have both 2D 
structure and properties of electrolytes, with a 
particular trend to shapeshift their form 
reversibly in liquid medium. The NUS team 
achieved this feat by using organic molecules 
as reactive species to add different function-

alities to 2D materials such as graphene and 
molybdenum disulfide (MoS ). The methods 2

used by the researchers to create 2D-
electrolytes are only a few possible examples 
among many potential options, making this 
discovery an exciting new research area to 
explore. A major breakthrough of this research 
was that the orientation of the 2D-electrolytes 
could reversibly change by tweaking the 
external conditions. Currently, the electrical 
repulsion between the surface charge in a 2D 
material leads to it be laid out in a flat sheet. By 
altering the pH, the temperature, or the ionic 
concentration of the suspensions, the NUS 
researchers dem-onstrated the ability of the 
2D-electrolyte sheet to shapeshift and form 
scroll-like arran-gements. These experimental 
results are supported by detailed theoretical 
analysis in which they explain the physical 
mechanism behind the scroll formation and 
stability.

Source: National University Singapore news 
release
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Chemical Sciences - Materials

Smart foam enables robots interact intelligently with surroundings
New creation could give machines human-like sense of touch

Researchers from the National University of 
Singapore (NUS) have invented a smart foam 
that can give machines more than a human 
touch. Called artificially innervated foam, or 
AiFoam, the new material mimics the human 
sense of touch, can sense nearby objects 
without actually touching, and repairs itself 
when damaged. Compared with other 
conventional materials, AiFoam is the first 
smart foam in the world that performs these 
functions simultaneously, potentially making 
robots more intelligent and interactive. This 
breakthrough material was developed over 
two years by a team led by Assistant Professor 
Benjamin Tee from the NUS Department of 
Materials Science and Engineering, and 
Institute for Health Innovation & Technology 
(iHealthtech). The invention was published in 
Nature Communications .  While some 
advanced electronic skins could sense 
pressure when they come into direct contact 
with an object, none is able to sense the 
direction of movement of adjacent objects as 

this requires more complex sensing abilities. 
The NUS team decided to carry out research 
to find a solution to address this technological 
challenge.

AiFoam is a highly elastic polymer created by 
mixing a Teflon-like substance, known as a 
fluoropolymer, with a surfactant that lowers 
surface tension. The result is a material that, 
when separated into pieces, fuses easily back 
into one piece. The team then infused the 
material with microscopic metal particles 
which enables the foam to sense the presence 
of a capacitive object like a human finger. The 
NUS team decided to develop such a foam as 
it can be made more sensitive when compared 
to conventional thin sheets. The softness of 
the foam can also be better controlled by 
changing the amount of air to material ratio. 
The foam also allows the material to better 
sense the proximity of human presence 
compared with other commonly used e-skin 
materials such as silicones. In fact, AiFoam is 
able to detect the presence of human fingers 

from centimetres away. Its unique formulation 
enables it to more efficiently detect human 
presence unlike other proximity sensors that 
typically make use of light and reflections 
which can lead to higher false positive or 
negative rates.

To mimic the sensitive nerve endings in the 
human skin, the researchers embedded fine 
cylinder-shaped electrodes underneath the 
surface of the foam. They are able to detect the 
direction of the applied force, not just the 
amount of force. This would enable robots to 
understand human intentions better, or know 
that an object in contact is about to slip, so that 
they can react more quickly and appropriately. 
The surfactant within the foam enables it to 
self-heal even after being cut, making it ideal 
for use in applications like prosthetics. The 
foam can be stretched to more than twice its 
length – by 230 per cent - without breaking. 

(National University of Singapore news 
release)

Earth & Planetary Sciences - Astronomy

Voyager 1 detects plasma 'hum'
It has long since zipped past the edge of the solar system through the heliopause into the interstellar medium.

Voyager 1 – one of two sibling NASA 
spacecraft launched 44 years ago and now the 
most distant human-made object in space – 
still works and zooms toward infinity. As the 
craft toils, it has long since zipped past the 
edge of the solar system through the 
heliopause – the solar system's border with 
interstellar space – into the interstellar 
medium. Now, its instruments have detected 
the constant drone of interstellar gas (plasma 
waves), according to Cornell-led research 
published May 10 in Nature Astronomy. 
Examining data slowly sent back from more 
than 14 billion miles away, Stella Koch Ocker, 
a Cornell doctoral student in astronomy, has 
uncovered the emission. “It's very faint and 
monotone, because it is in a narrow frequency 
bandwidth,” Ocker said. “We're detecting the 
faint, persistent hum of interstellar gas.” This 
work allows scientists to understand how the 
interstellar medium interacts with the solar 
wind, Ocker said, and how the protective 
bubble of the solar system's heliosphere is 

shaped and modified by the interstellar 
environment.

Launched in September 1977, the Voyager 1 
spacecraft flew by Jupiter in 1979 and then 
Saturn in late 1980. Travelling at about 38,000 
mph, Voyager 1 crossed the heliopause in 
August 2012. After entering interstellar space, 
the spacecraft's Plasma Wave System detected 
perturbations in the gas. But, in between those 
eruptions – caused by our own roiling sun – 
researchers have uncovered a steady, 
persistent signature produced by the tenuous 
near-vacuum of space. “The interstellar 
medium is like a quiet or gentle rain,” said 

senior author James Cordes, the George 
Feldstein Professor of Astronomy (A&S). “In 
the case of a solar outburst, it's like detecting a 
lightning burst in a thunderstorm and then it's 
back to a gentle rain.”

Ocker believes there is more low-level activity 
in the interstellar gas than scientists had 
previously thought, which allows researchers 
to track the spatial distribution of plasma – that 
is, when it's not being perturbed by solar flares. 
Cornell research scientist Shami Chatterjee 
explained how continuous tracking of the 
density of interstellar space is important. 
“We've never had a chance to evaluate it. Now 
we know we don't need a fortuitous event 
related to the sun to measure interstellar 
plasma”.   “Scientifically, this research is quite 
a feat. It's a testament to the amazing Voyager 
spacecraft,” Ocker said. “It's the engineering 
gift to science that keeps on giving.”

Source: Cornell University news release 
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Earth & Planetary Sciences - Astrophysics
Understanding 'positron excess'

Researchers have resolved the mystery of positron behaviour in a new study 

Researchers from the Raman Research 
Institute (RRI), Bengaluru, an autonomous 
institution of the Department of Science and 
Technology have resolved the mystery of 
positron behaviour in a new study published in 
the . Journal of High Energy Astrophysics
Their proposal is simple - cosmic rays while 
propagating through the Milky Way galaxy 
interact with matter producing other cosmic 
rays, primarily electrons and positrons. The 
authors Agnibha De Sarkar, Sayan Biswas and 
Nayantara Gupta argue that these new cosmic 
rays are the origin of the 'positron excess' 
phenomenon. The Milky Way consists of 
giant clouds of molecular hydrogen. They are 
the seats of the formation of new stars and can 
be as massive as 10 million times the Sun's 
mass. They can extend up to 600 light-years, 
the distance that would take light 600 years to 
travel. Cosmic rays, produced in supernovae 
explosions propagate through these clouds 
before they reach the Earth. Cosmic rays 
interact with molecular hydrogen and can give 
rise to other cosmic rays. As they propagate 
through these clouds, they decay from their 

original forms and intermix, lose their energy 
by energising the clouds, and may also get re-
energised. The researchers from RRI studied 
all these astrophysical processes via a code 
they set up on the computer, using a publicly 
available code. The code considers 1638 
molecular hydrogen clouds in the Milky Way 
that other astronomers have observed across 
different wavelengths of the electromagnetic 
spectrum. “We have followed three different 
catalogues to construct a comprehensive 
one,” explains Agnibha De Sarkar, PhD 
student at RRI and one of the authors of the 
study.

The combined catalogue consists of ten 
molecular  c louds  in  the  immedia te 
neighbourhood of our Sun. These galactic 

clouds provide the astronomers a crucial input 
–– the number of giga-electronvolt cosmic 
rays. These help them determine the excess 
number of positrons that reach the Earth. The 
computer code the researchers used, by taking 
into account the exact number of nearby 
galactic molecular clouds, was successfully 
able to reproduce the observed number of 
positrons at giga-electronvolt energies. “We 
consider all mechanisms via which cosmic 
rays interact with the molecular clouds to show 
that nearby molecular clouds can be a viable 
contributor to the positron excess pheno-
menon,” said Agnibha De Sarkar. Not only the 
positron excess, the computer code accurately 
reproduces the spectra of protons, antiprotons, 
boron, carbon, and all other components of 
cosmic rays. “Our method explains all the 
observed numbers without running into any 
contradiction,” said Agnibha De Sarkar, 
comparing it with the currently available 
explanations invoking pulsars that run into 
contradictions.

Source: Edited from PIB release

Earth & Planetary Sciences - Astrophysics

Clues on supernovae explosions
Astronomers have narrowed down the possible mechanisms of explosion

A team of Indian astronomers observing 
distant supernovae have narrowed down the 
possible mechanisms of explosion of such 
supernovae which provide key measures of 
cosmological distances. Their detailed study  
of a supernova called SN 2017hpa, a 
particular type of supernovae called I a 
supernova, which exploded in 2017 helped 
narrow down the explosion mechanism of the 
supernovae by observations of unburned 
carbon in the early phase spectra.

The explosive death of a star as a supernova is 
one of the most spectacular and catastrophic 
events in the Universe. Type Ia supernovae are 
the result of explosions of white dwarfs that 
exceed their mass beyond the Chandrasekhar 
limit through accretion of matter. Their 
homogeneous nature makes them extremely 
good standardizable candles to measure 
cosmological distances. However, the 
explosion mechanisms which create these 
supernovae (SNe), and the exact nature of 

their progenitor systems (star which is at the 
origin of a supernova phenomenon) are still 
not yet clearly understood. While most SNeIa 
are homogeneous, a good fraction of these 
events show diversity in both their light curve 
as well as spectral properties.

The study by Anirban Dutta, PhD student at 
Indian Institute of Astrophysics an auton-
omous institute under the Department of 
Science & Technology, Government of India 
along with collaborators which has been 
published recently in the journal 'Monthly 
Notices of the Royal Astronomical Society 
(MNRAS)'will help in understanding the 
diversity as a function of the progenitor as 
well as its properties and the explosion 
mechanism of such supernovae. The burning  
front in the white dwarf moves or propagates 
at speeds less than speed of sound which 
leaves behind unburned material. The 
expansion velocity calculated using these 
unburned features can provide an essential 

hint towards the velocity structure of the 
ejected material. It is generally expected that 
the unburned material will be present in the 
outermost layers of the ejecta and expand with 
velocity higher than velocity of the outer most 
layer of the star called photospheric velocity. 
In this study, the authors have shown that the 
unburned layer is moving with photospheric 
velocity indicating that mixing of the 
explosion materials is dominant within the 
ejected material.

“It is very important to study more such exotic 
objects from the very early hours of explosion 
to very late phase to place tighter constraints on 
the explosion mechanism as well as the 
progenitor system,” said Anirban Dutta one of 
the researchers.

Source: PIB release
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Earth & Planetary Sciences - Geology
Monitoring Himalayan glacial catchments

Recent study shows satellite-based real-time monitoring can strengthen early flood warning 

Satellite-based real-time monitoring of 
Himalayan glacial catchments would improve 
understanding of flood risk in the region and 
help inform an early flood warning system 
that could help curb disaster and save human 
lives, says a recent study. This should be the 
future strategy to reduce loss of human lives 
during glacial lake outburst floods (GLOF), 
said a study carried out by scientists from IIT 
Kanpur. The study carried out by Dr. Tanuj 
Shukla and Prof. Indra Sekhar Sen, Associate 
Professor from IIT Kanpur, with support from 
the Department of Science & Technology, 
Government of India, has been published in 
the international journal 'Science'. Temp-
erature and the numbers of extreme rainfall 
events are rising at an increased rate because 
of climate change. Suitably called Earth's 
“Third Pole”, the Himalayan region is home to 
the largest ice mass outside of the planet's 
Polar Regions. The glaciers in the Himalayas 

are melting at a faster rate creating new lakes 
and expanding the existing ones. Besides, the 
rising temperatures and extreme precipitation 
events make the region increasingly prone to a 
variety of natural hazards, including 
devastating glacial lake outburst floods 
(GLOFs).

In their recent work, the Scientists also point 
out that the surge of meltwater in mountain 
streams is most commonly caused by cloud-
burst events during the monsoon season 
(June–July–August) time frame. However, 
the recent (7 February 2021) sudden surge of 
meltwater in the river tributary of the Ganga, 
Dhauli Ganga, during the dry season suggests 
that this time frame needs to be expanded. The 
catastrophe in the upper Dhauli Ganga basin 
is linked to processes other than precipitation 
events, such as snow avalanches, rock 
landslides, or other unidentified drivers, and 

therefore determining all of the potential major 
and minor drivers behind sudden surges of 
meltwater into headwater streams is vital for 
understanding the hazard profile of the region. 
The IIT Kanpur team suggests that efforts to 
help mitigate GLOF events in the future 
should include the creation of a network of 
satellite-based monitoring stations that could 
provide in situ and real-time data on GLOF 
risk. “The integration of monitoring devices 
with satellite networks will not only provide 
telemetry support in remote locations that lack 
complete cellular connectivity but will also 
provide greater connectivity in coverage in the 
cellular dead zones in extreme topographies 
such as valleys, cliffs, and steep slopes,” the 
authors explained.

Source: PIB release

Earth & Planetary Sciences - Astrophysics

Black hole-neutron star collisions
Studying the violent collisions may provide a new measurement of the Universe's expansion rate

Studying the violent collisions of black holes 
and neutron stars may soon provide a new 
measurement of the Universe's expansion 
rate, helping to resolve a long-standing 
dispute, suggests a new simulation study led 
by researchers at UCL. The new study, 
published in Physical Review Letters, sim-
ulated 25,000 scenarios of black holes and 
neutron stars colliding, aiming to see how 
many would likely be detected by instruments 
on Earth in the mid- to late-2020s. The 
researchers found that, by 2030, instruments 
on Earth could sense ripples in space-time 
caused by up to 3,000 such collisions, and that 
for around 100 of these events, telescopes 
would also see accompanying explosions of 
light. They concluded that this would be 
enough data to provide a new, completely 
independent measurement of the Universe's 
rate of expansion, precise and reliable enough 
to confirm or deny the need for new physics.

Lead author Dr Stephen Feeney (UCL Physics 
& Astronomy) said: “A neutron star is a dead 
star, created when a very large star explodes 
and then collapses, and it is incredibly dense – 

typically 10 miles across but with a mass up to 
twice that of our Sun. Its collision with a black 
hole is a cataclysmic event, causing ripples of 
space-time, known as gravitational waves, 
that we can now detect on Earth with 
observatories like LIGO and Virgo. “We have 
not yet detected light from these collisions. 
But advances in the sensitivity of equipment 
detecting gravitational waves, together with 
new detectors in India and Japan, will lead to a 
huge leap forward in terms of how many of 
these types of events we can detect. It is 
incredibly exciting and should open up a new 
era for astrophysics.”

To tell how fast the galaxy hosting a collision is 
moving away, we look at the “redshift” of light 
– that is, how the wavelength of light produced 
by a source has been stretched by its motion. 
Explosions of light that may accompany these 
collisions would help us pinpoint the galaxy 
where the collision happened, allowing 
researchers to combine measurements of 
distance and measurements of redshift in that 
galaxy. Dr Feeney said: “Computer models of 
these cataclysmic events are incomplete, and 
this study should provide extra motivation to 
improve them.” Co-author Professor Hiranya 
Peiris (UCL Physics & Astronomy and 
Stockholm University) said: “The disagr-
eement over the Hubble constant is one of the 
biggest mysteries in cosmology. In addition to 
helping us unravel this puzzle, the spacetime 
ripples from these cataclysmic events open a 
new window on the universe. We can 
anticipate many exciting discoveries in the 
coming decade.”

Source: UCL news release
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Engineering Sciences - 3D printing

Algae-based future clothes
Environmentally friendly material made of algae that has applications in energy, medicine, fashion etc.

For the first time, researchers at the University 
of Rochester and Delft University of 
Technology in the Netherlands used 3D 
printers and a novel bioprinting technique to 
print algae into living, photosynthetic 
materials that are tough and resilient. The 
material has a variety of applications in the 
energy, medical, and fashion sectors. The 
research is published in the journal Advanced 
Functional Materials. “Three-dimensional 
printing has shown to be an effective 
technology for fabricating living materials 
that have many environmental and other 
benefits,” says Anne S. Meyer, an associate 
professor of biology at Rochester. “Our 
photosynthetic living materials are a huge step 
forward for the field since they are the first 
example of an engineered photosynthetic 
material that is physically robust enough to be 
deployed for real-world applications.” The 
work to develop a biologically based material 
is the latest in a series of research efforts led by 
Meyer's lab. Meyer and her research team 
have been leaders in using bacteria to develop 
such industrially important materials as 

artificial nacre and graphene.

To create the photosynthetic materials, the 
researchers began with a nonliving bacterial 
cellulose—an organic compound that is 
produced and excreted by bacteria. Bacterial 
cellulose has many important mechanical 
properties, including flexibility, toughness, 
strength, and ability to retain its shape, even 
when twisted, crushed, or otherwise 

physically distorted. The bacterial cellulose is 
like the paper in a printer, while living 
microalgae acts as the ink. Meyer and her 
colleagues used a 3D printer to deposit living 
algae onto the bacterial cellulose. The 
combination of living (microalgae) and 
nonliving (bacterial cellulose) components 
resulted in a unique material that has the 
photosynthetic quality of the algae and the 
robustness of the bacterial cellulose; the 
material is tough and resilient while also eco-
friendly, biodegradable, and simple and 
scalable to produce. The plant-like nature of 
the material means it can use photosynthesis to 
“feed” itself over periods of many weeks, and 
it's also able to be regenerated—a small 
sample of the material can be grown onsite to 
make more materials. The characteristics of 
the material make it an ideal candidate for a 
variety of applications, including new 
p r o d u c t s  s u c h  a s  a r t i f i c i a l  l e a v e s , 
photosynthetic skins, or photosynthetic bio-
garments.

Source: Rochester University news release

Engineering Sciences - Bioengineering

Bio-inspired scaffolds for muscle growth
Scaffolds derived from decellularized skeletal muscle to promote the regeneration of injured skeletal muscle

Rice University bioengineers are fabricating 
and testing tunable electrospun scaffolds 
completely derived from decellularized 
skeletal muscle to promote the regeneration of 
injured skeletal muscle. Their paper in Science 
Advances shows how natural extracellular 
matrix can be made to mimic native skeletal 
muscle and direct the alignment, growth and 
differentiation of myotubes, one of the 
building blocks of skeletal muscle. The 
bioactive scaffolds are made in the lab via 
electrospinning, a high-throughput process 
that can produce single micron-scale fibers. 
The research could ease the burden of perfo-
rming an estimated 4.5 million reconstructive 
surgeries per year to repair injuries suffered by 
civilians and military personnel. “The major 
innovation is the ability to prepare scaffolds 
that are 100% extra-cellular matrix,” said 
bioengineer and principal investigator 
Antonios Mikos of Rice's Brown School of 
Engineering. “That's very important because 
the matrix includes all the signaling motifs 
that are important for the formation of the 

particular tissue.”

The scaffolds leverage bioactive cues from 
decellularized muscle with the tunable 
material properties afforded through 
electrospinning to create material rich with 
biochemical signals and highly specific 
topography. The material is designed to 
degrade as it is replaced by new muscle within 
the body. Experiments revealed that cells 
proliferate best when the scaffolds are not 

saturated with a crosslinking agent, allowing 
them access to the biochemical cues within the 
scaffold matrix. Electrospinning allowed the 
researchers to modulate crosslink density. 
They found that intermediate crosslinking led 
to better retention of fiber alignment during 
cell culture.

Mikos said using natural materials rather than 
synthetic is important for another reason. “The 
presence of a synthetic material, and especially 
the degradation products, may have an adverse 
effect on the quality of tissue that is eventually 
formed,” he said. “For eventual clinical 
application, we may use a skeletal muscle or 
matrix from an appropriate source because 
we're able to very efficiently remove the DNA 
that may elicit an immune response,” Mikos 
said. “We believe that may make it suitable to 
translate the technology for humans.” Smoak 
said the electrospinning process can produce 
muscle scaffolds in any size, limited only by 
the machinery.

Source: Rice University news release 

A mini T-shirt demonstrates the photo-
synthetic living materials created in the lab of 
Rochester biology professor Anne S. Meyer 
using 3D printers and a new bioink technique. 
(University of Rochester photo)
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Engineering Sciences - Computing Technology

Lensless miniature cameras
Applications in Augmented Reality (AR)/ Virtual Reality (VR), security, smart wearables, and robotics

Researchers at Indian Institute of Technology 
(IIT) Madras and Rice University, U.S., have 
developed algorithms for lensless, miniature 
cameras. Such lensless cameras have 
numerous vision applications in areas such as 
Augmented Reality (AR)/ Virtual Reality 
(VR), security, smart wearables and robotics 
where cost, form-factor, and weight are major 
constraints. Due to the absence of a focusing 
element, the lensless camera captures a 
multiplexed or globally blurred measurement 
of the scene. IIT Madras and Rice University 
researchers have developed a deep learning 
algorithm for producing photo-realistic 
images from the blurred lensless capture. 
Researchers have now developed a comp-
utational solution to this problem. The team 
developed a de-blurring algorithm, which can 
correct the blurred images taken from a 
lensless camera. The findings were presented 
as a paper in the prestigious IEEE Inter-
national Conference on Computer Vision and  
an extended version appeared in IEEE 
Transactions on Pattern Analysis and Machine 
Intelligence This Research was led at IIT . 

Madras by Dr. Kaushik Mitra, Assistant 
Professor, Department of Electrical Eng-
ineering. The research team included Salman 
Siddique Khan, Varun Sundar and Adarsh VR 
from IIT Madras. Prof. Ashok Veeraghavan 
led the Rice University team which included 
Dr. Vivek Boominathan and Mr. Jasper Tan.

“Existing algorithms to deblur images based 
on traditional optimization schemes yield 
low-resolution 'noisy images.' Our Research 
team used Deep Learning to develop a 
reconstruction algorithm called 'FlatNet' for 
lensless cameras which resulted in significant 
improvement over traditional optimization-
based algorithms. FlatNet was tested on 
various real and challenging scenarios and 

was found to be effective in de-blurring 
images captured by the lensless camera”, Dr. 
Kaushik Mitra said. Further, Dr. Mitra said, 
“Lensless imaging is a new technology and its 
true potential in solving imaging/vision 
problems has not been exploited completely. 
Therefore, we are working on designing newer 
and better lensless cameras using data-driven 
techniques, devising efficient algorithms for 
doing inference on lensless captures and 
looking into interesting and important 
applications like endoscopy and smart 
surveillance, among other areas, where one 
can fully realize the benefits of lensless 
imaging.”

Source: Edited from India Science Wire

Engineering Sciences - Computing Technology

Do deep networks “see” as well as humans?
How well deep neural networks compare to the human brain when it comes to visual perception.

A new study from the Centre for Neuroscience 
(CNS) at the Indian Institute of Science (IISc) 
explores how well deep neural networks 
compare to the human brain when it comes to 
visual perception.   Deep neural networks are 
machine learning systems inspired by the 
network of brain cells or neurons in the human 
brain, which can be trained to perform specific 
tasks. These networks have played a pivotal 
role in helping scientists understand how our 
brains perceive the things that we see. In a 
recent study, SP Arun, Associate Professor at 
CNS, and his team have compared various 
qualitative properties of these deep networks 
with those of the human brain.   Deep 
networks, although a good model for 
understanding how the human brain visualises 
objects, work differently from the latter. While 
complex computation is trivial for them, 
certain tasks that are relatively easy for 
humans can be difficult for these networks to 
complete. In the current study, published in 
Nature Communications, Arun and his team 
attempted to understand which visual tasks 

can be performed by these networks naturally 
by virtue of their architecture, and which 
require further training.  

The team studied 13 different perceptual 
effects and uncovered previously unknown 
qualitative differences between deep 
networks and the human brain. An example is 
the Thatcher effect, a phenomenon where 
humans find it easier to recognise local feature 
changes in an upright image, but this becomes 
difficult when the image is flipped upside-
down. Deep networks trained to recognise 
upright faces showed a Thatcher effect when 
compared with networks trained to recognise 
objects. Another visual property of the human 

brain, called mirror confusion, was tested on 
these networks. To humans, mirror reflections 
along the vertical axis appear more similar than 
those along the horizontal  axis.  The 
researchers found that deep networks also 
show stronger mirror confusion for vertical 
compared to horizontally reflected images.  
Another phenomenon peculiar to the human 
brain is that it focuses on coarser details first. 
This is known as the global advantage effect. 
Such analyses can help researchers build more 
robust neural networks that not only perform 
better but are also immune to “adversarial 
attacks” that aim to derail them. 

Source: IISc news release 
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Creating text from Brain-computer interface
A clinical trial participant was able to create text on a computer at a rate of 90 characters per minute

Scientists with the BrainGate research 
collaborative have, for the first time, used an 
implanted sensor to record the brain signals 
associated with handwriting and used those 
signals to create text on a computer in real 
time. In a study published in the journal 
Nature, a clinical trial participant with 
cervical spinal cord injury used the system to 
“type” words on a computer at a rate of 90 
characters per minute, more than double the 
previous record for typing with a brain-
computer interface. This was done by the 
participant merely thinking about the hand 
motions involved in creating written letters. 
“An important mission of our BrainGate 
consortium research is to restore rapid, intu-
itive communication for people with severe 
speech or motor impairments,” said 
Hochberg, who also directs the Center for 
Neuro-technology and Neurorecovery at 
Massachusetts General Hospital and the V.A. 
Rehabilitation Research and Development 
Center for Neurorestoration and Neuro-

technology at the Veterans Affairs Providence 
Healthcare System. “Frank's demonstration 
of fast, accurate neural decoding of hand-
writing marks an exciting new chapter in the 
development of clinically useful neuro-
technologies.”

For this latest study, the team wanted to find 
out if asking a participant to think about 
motions involved in writing letters and words 
by hand would be faster. “We want to find new 
ways of letting people communicate faster,” 
Willett said. “This new system uses both the 

rich neural activity recorded by intracortical 
electrodes and the power of language models 
that, when applied to the neurally decoded 
letters, can create rapid and accurate text.” The 
trial participant, a 65-year-old man, was 
paralyzed from the neck down by a spinal cord 
injury. As part of the clinical trial, Henderson 
placed two tiny electrodes in a part of his brain 
associated with the movement of his right arm 
and hand. Using signals the sensors picked up 
from individual neurons when the man 
imagined writing, a machine learning 
algorithm recognized the patterns his brain 
produced with each letter. With this system, 
the man could copy sentences and answer 
questions at a rate similar to that of someone 
the same age typing on a smartphone. The 
system is so fast because each letter elicits a 
highly distinctive activity pattern, making it 
relatively easy for the algorithm to distinguish 
one from another, Willett says.

Source: Brown University news release

Engineering Sciences - Computing Technology

Human body has not evolved for easy childbirth
Despite advances in medicine and technology, childbirth isn't likely to get much easier on women 

Engineers at The University of Texas at Austin 
and University of Vienna revealed in new 
research a series of evolutionary trade-offs 
that have created a near-perfect balance 
between supporting childbirth and keeping 
organs intact on a day-to-day basis. The size of 
the pelvic floor and canal is key to keeping this 
balance. These opposing duties have 
constrained the ability of the pelvic floor to 
evolve over time to make childbirth easier 
because doing that would sacrifice the ability 
to protect organs. “Although this dimension 
has made childbirth more difficult, we have 
evolved to a point where the pelvic floor and 
canal can balance supporting internal organs 
while also facilitating childbirth and making it 
as easy as possible,” said Krishna Kumar, an 
assistant professor in the Cockrell School of 
Engineering's Department of Civil, Archi-
tectural and Environmental Engineering who 
led the research published in the journal 
Proceedings of the National Academy of 
Sciences.

A larger pelvic floor and canal would facilitate 

easier childbirth. But the larger it becomes 
without additional bones or tissue to support 
it, the more likely it is to deform under the 
weight of organs and cause them to fall 
downward. These trade-offs, referred to as the 
pelvic floor hypothesis, were known in the 
scientific community. But the theory had been 
difficult to test until this research team used 
engineering tools to investigate it. 

In addition to studying the size of the pelvic 
floor, the researchers also looked at thickness. 
In theory, a thicker pelvic floor could continue 
to support organs and an expanded size for 

childbirth. But it did not turn out that way. “We 
found that thicker pelvic floors would require 
quite a bit higher intra-abdominal pressures 
than humans are capable of generating to 
stretch during childbirth,” said Nicole 
Grunstra, an affiliated researcher at the 
University of Vienna's Unit for Theoretical 
Biology in the Department of Evolutionary 
Biology. “Pelvic floor thickness appears to be 
another evolutionary 'compromise,' in addition 
to the size of the birth canal.” Kumar used a 
Finite Element analysis, a computerized model 
often deployed to test the design of structures 
to see whether they will break or wear down 
when facing high levels of pressure and stress. 
In this case, Finite Element analysis allowed 
the team to model the pelvic floor, change its 
parameters and see how it responds to the 
stresses of childbirth and protecting organs, 
which is otherwise impossible to test using 
clinical data.

Source: University of Texas at Austin news 
release
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Filtering water and recovering electricity by wastewater treatment
A dual-function electrode in a microbial fuel cell combines two previously separate functions

Whether wastewater is full of “waste” is a 
matter of perspective. “Why is it waste?” 
asked Zhen (Jason) He, professor in the 
Department of Energy, Environmental & 
Chemical Engineering in the McKelvey 
School of Engineering at Washington 
University in St. Louis.

“It's organic materials,” He said, and those can 
provide energy in a number of ways. Then 
there's the other valuable resource in 
wastewater. He's lab has developed one 
system that  recovers  both,  f i l ter ing 
wastewater while creating electricity. Results 
from bench-scale trials were published in the 
journal Environmental Science: Water 
Research & Technology. The waste materials 
in wastewater are full of organic materials 
which, to bacteria, are food.

He's lab took the two processes, filtration and 
energy production and combined them, 
integrating the filtration system into the anode 
electrode of a microbial electrochemical 
system. The system is set up like a typical 
microbial fuel cell, a bacterial battery that uses 

electrochemically active bacteria as a catalyst 
where a traditional fuel cell would use 
platinum. In this type of system, the bacteria 
are attached to the electrode. When 
wastewater is pumped into the anode, the 
bacteria “eat” the organic materials and 
release electrons, creating electricity. To filter 
that same water, however, requires a different 
system. He's lab combined the systems, 
developing a permeable anode that acts as a 
filter. The anode is a dynamic membrane, 
made of conductive, carbon cloth. Together, 
the bacteria and membrane filter out 80% to 

90% of organic materials — that leaves water 
clean enough to be released into nature or 
further treated for non-potable water uses. He 
used a mixed culture of bacteria, but they had 
to share one feature — the bacteria had to be 
able to survive in a zero-oxygen environment. 
“If there was oxygen, bacteria would just 
dump electrons to the oxygen not the 
electrode,” He said. “If you cannot respire with 
the electrode, you'll perish.” To find the correct 
bacteria, He mostly defers to nature. “It's not 
100 percent natural, but we select those that 
can survive in this condition,” He said. “It's 
more like 'engineered selection,'” the bacteria 
that did survive and respire with the electrode 
were selected for the system. The amount of 
electricity created is not enough to, say, power 
a city, but it is in theory enough to help to offset 
the substantial amount of energy used in a 
typical U.S. water treatment plant.

Source: Washington University in St. Louis. 
news release 

Engineering Sciences - Nanotechnology

Oxygen movement in ferroelectric materials
A new study unveils how an unusual form of ferroelectricity arises in certain nano-sized materials

A new study by an international team of 
researchers, including those from the Indian 
Institute of Science (IISc), unveils how an 
unusual form of ferroelectricity arises in 
certain nano-sized materials. The team 
includes Pavan Nukala, Assistant Professor at 
the Centre for Nano Science and Engineering 
(CeNSE), IISc, and former Marie Curie 
Research Fellow at the University of 
Groningen, Netherlands as well as Tuhin 
Chakrabortty, PhD student at CeNSE. 

Using atomic resolution microscopy, they 
show experimentally for the first time that 
when an electric field is applied, ferro-
electricity arises in materials called hafnia-
based oxides due to the displacement and 
reversible movement of negatively charged 
oxygen atoms. Such materials are useful for 
low-power memory applications, according to 
Nukala, who is one of the corresponding 
authors of the study published in Science. 

In 2011, scientists showed that hafnia-based 
oxides could exhibit ferroelectricity even 
when they are nano-sized, and that this 
ferroelectricity in fact grows stronger as the 
material size gets smaller, opening up 
numerous opportunities for microelectronics. 
However, there was no clear understanding of 
how ferroelectricity happens in these nano-
sized materials. Nukala and colleagues used 
an advanced electron microscopy technique 
that had recently been developed and earlier 
used by a research team at the University of 
Groningen to visualise a hydrogen atom, the 

lightest chemical element. In the new study, 
they imaged thin films of hafnium-zirconium 
oxide sandwiched between two electrodes. 
They were also able to track the movement of 
atoms, including oxygen, in real time when an 
electric field was applied. The researchers 
found that charged oxygen atoms move from 
one electrode to another with the hafnia layer 
acting as a conduit. When the electric field was 
reversed, the direction of migration was also 
reversed. It was this migration that contributed 
significantly to the material's ferroelectricity, 
they found. When the conduit size was reduced 
(as the device is made smaller), oxygen 
conduction became more robust. These 
findings were also confirmed by X-ray 
diffraction studies carried out in Sweden. The 
insights offered by the study open up new 
avenues for designing oxygen-conducting 
ferroelectric materials that could be used for 
miniature memory and logic devices.

Source: Edited from IISc news release 
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Fine-tuning colour of light through optical devices
A new sort of optical device allows engineers to change the frequencies of individual photons

Researchers at Stanford University have 
developed an optical device that allows 
engineers to change and fine-tune the 
frequencies of each individual photon in a 
stream of light to virtually any mixture of 
colors they want. The result, published in 
Nature Communications, is a new photonic 
architecture that could transform fields 
ranging from digital communications and 
artificial intelligence to cutting-edge quantum 
computing. “This powerful new tool puts a 
degree of control in the engineer's hands not 
previously possible,” said Shanhui Fan, a 
professor of electrical engineering at Stanford 
and senior author of the paper. The structure 
consists of a low-loss wire for light carrying a 
stream of photons that pass by like so many 
cars on a busy throughway. The photons then 
enter a series of rings, like the off-ramps in a 
highway cloverleaf. Each ring has a mod-
ulator that transforms the frequency of the 
passing photons – frequencies which our eyes 
see as color. There can be as many rings as 

necessary, and engineers can finely control 
the modulators to dial in the desired frequency 
transformation.

Among the applications that the researchers 
envision include optical neural networks for 
artificial intelligence that perform neural 
computations using light instead of electrons. 
Performing such neural computations 
through frequency manipulation could lead to 
much more compact devices, say the 
researchers. “Our device is a significant 
departure from existing methods with a small 
footprint and yet offering tremendous new 
engineering flexibility,” said Avik Dutt, a 
post-doctoral scholar in Fan's lab and second 
author of the paper. A simple transformation 
might involve shifting a photon from a 
frequency of 500 nanometers to, say, 510 
nanometers – or, as the human eye would 
register it, a change from cyan to green. The 
power of the Stanford team's architecture is 
that it can perform these simple trans-

formations, but also much more sophisticated 
ones with fine control.

To further explain, Fan offers an example of an 
incoming light stream comprised of 20 percent 
photons in the 500-nanometer range and 80 
percent at 510 nanometers. Using this new 
device, an engineer could fine-tune that ratio 
to 73 percent at 500 nanometers and 27 percent 
at 510 nanometers, if so desired, all while 
preserving the total number of photons. This 
ability to set the ratio is what makes this device 
new and promising. Moreover, in the quantum 
world, a single photon can have multiple 
colors. In that circumstance, the new device 
actually allows changing of the ratio of 
different colors for a single photon. “We say 
this device allows for 'arbitrary' trans-
formation but that does not mean 'random,'” 
said Siddharth Buddhiraju, who is first author 
of the paper and who now works at Facebook 
Reality Labs. 

Source: Stanford university news release

Engineering Sciences - Robotics

DNA robots designed in minutes
New software can design much more complex DNA robots and nanodevices in a fraction of the time

Researchers developed a new tool that can 
design much more complex DNA robots and 
nanodevices than were ever possible before in 
a fraction of the time. In a paper published in 
the journal Nature Materials, researchers 
from The Ohio State University – led by 
former engineering doctoral student Chao-
Min Huang – unveiled new software they call 
MagicDNA.

The software helps researchers design ways to 
take tiny strands of DNA and combine them 
into complex structures with parts like rotors 
and hinges that can move and complete a 
variety of tasks, including drug delivery. 
Researchers have been doing this for a number 
of years with slower tools with tedious manual 
steps, said Carlos Castro, co-author of the 
study and associate professor of mechanical 
and aerospace engineering at Ohio State. “But 
now, nanodevices that may have taken us 
several days to design before now take us just 
a few minutes,” Castro said. And now 
researchers can make much more complex – 
and useful – nanodevices.

The software has a variety of advantages that 
will help scientists design better, more helpful 
nanodevices and – researchers hope – shorten 
the time before they are in everyday use. One 
advantage is that it allows researchers to carry 
out the entire design truly in 3D. Earlier 
design tools only allowed creation in 2D, 
forcing researchers to map their creations into 
3D. That meant designers couldn't make their 
devices too complex. The software also 

allows designers to build DNA structures 
“bottom up” or “top down.” In “bottom up” 
design, researchers take individual strands of 
DNA and decide how to organize them into the 
structure they want, which allows fine control 
over local device structure and properties. But 
they can also take a “top down” approach 
where they decide how their overall device 
needs to be shaped geometrically and then 
automate how the DNA strands are put 
together. Combining the two allows for 
increasing complexity of the overall geometry 
while maintaining precise control over 
individual component properties, Castro said. 
Another key element of the software is that it 
allows simulations of how designed DNA 
devices would move and operate in the real 
world. The ability to make more complex 
nanodevices means that they can do more 
useful things and even carry out multiple tasks 
with one device, Castro said.

Source: The Ohio State University news 
release 

This "airplane," made of strands of DNA, is 
1000 times smaller than the width of a 
human hair
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Simple robots, smart algorithms

As magnetic interactions increase, dispersed “dumb robots” can gather in compact clusters 

Inspired by a theoretical model of particles 
moving around on a chessboard, new robot 
swarm research shows that, as magnetic 
interactions increase, dispersed “dumb 
robots” - dubbed BOBbots - can gather in 
compact clusters to accomplish complex 
tasks. A team of researchers led by Dana 
Randall, ADVANCE Professor of Computing 
and Daniel Goldman, Dunn Family Professor 
of Physics, sought to show that even the 
simplest of robots can still accomplish tasks 
well beyond the capabilities of one, or even a 
few, of them. The goal of accomplishing these 
tasks with what the team dubbed "dumb 
robots" (essentially mobile granular particles) 
exceeded their expectations, and the 
researchers report being able to remove all 
sensors, communication, memory and 
computation — and instead accomplishing a 
set of tasks through leveraging the robots' 
physical characteristics, a trait that the team 
terms "task embodiment." The team's simple 
BOBbots, or "behaving, organizing, buzzing 
bots" were named for granular physics 
pioneer Bob Behringer," explains Randall. 
"Their cylindrical chassis have vibrating 

brushes underneath and loose magnets on 
their periphery, causing them to spend more 
time at locations with more neighbors." The 
experimental platform was supplemented by 
precise computer simulations led by Georgia 
Tech physics student Shengkai Li, as a way to 
study aspects of the system inconvenient to 
study in the lab. Despite the simplicity of the 
BOBbots, the researchers discovered that, as 
the robots move and bump into each other, 
"compact aggregates form that are capable of 
collectively clearing debris that is too heavy 
for one alone to move," according to 
Goldman. "While most people build 
increasingly complex and expensive robots to 

guarantee coordination, we wanted to see what 
complex tasks could be accomplished with 
very simple robots."

Their work published in the journal Science 
Advances  was inspired by a theoretical model ,
of particles moving around on a chessboard. A 
theoretical abstraction known as a self-
organizing particle system was developed to 
rigorously study a mathematical model of the 
BOBbots. Using ideas from probability 
theory, statistical physics and stochastic 
algorithms, the researchers were able to prove 
that the theoretical model undergoes a phase 
change as the magnetic interactions increase 
— abruptly changing from dispersed to 
aggregating in large, compact clusters, similar 
to phase changes we see in common everyday 
systems, like water and ice. "The rigorous 
analysis not only showed us how to build the 
BOBbots, but also revealed an inherent 
robustness of our algorithm that allowed some 
of the robots to be faulty or unpredictable," 
notes Randall.

Source: Georgia Tech news release

Medical Sciences - Cancer Research

Body's own immune system to fight cancer
Engineered immune cells used in new cancer therapies can overcome physical barriers

A study led by engineering and medical 
researchers at the University of Minnesota 
Twin Cities shows how engineered immune 
cells used in new cancer therapies can 
overcome physical barriers to allow a patient's 
own immune system to fight tumors. The 
research is published in Nature Commu-
nications. T cells are a type of white blood cell 
that are of key importance to the immune 
system. Cytotoxic T cells are like soldiers who 
search out and destroy the targeted invader 
cells. While there has been success in using 
immunotherapy for some types of cancer in 
the blood or blood-producing organs, a T cell's 
job is much more difficult in solid tumors.  
“The tumor is sort of like an obstacle course, 
and the T cell has to run the gauntlet to reach 
the cancer cells,” said Paolo Provenzano, the 
senior author of the study. “These T cells get 
into tumors, but they just can't move around 
well, and they can't go where they need to go 
before they run out of gas and are exhausted.”

In this first-of-its-kind study, the researchers 
are working to engineer the T cells and 
develop engineering design criteria to 
mechanically optimize the cells or make them 
more “fit” to overcome the barriers. If these 
immune cells can recognize and get to the 
cancer cells, then they can destroy the tumor.  
“This study has identified some structural and 
signaling elements where we can tune these T 

cells to make them more effective cancer 
fighters,” said Provenzano, a researcher in the 
University of Minnesota Masonic Cancer 
Center. “After engineering these immune cells, 
we found that they moved through the tumor 
almost twice as fast no matter what obstacles 
were in their way.” To engineer cytotoxic T 
cells, the authors used advanced gene editing 
technologies (also called genome editing) to 
change the DNA of the T cells so they are 
better able to overcome the tumor's barriers. 
The ultimate goal is to slow down the cancer 
cells and speed up the engineered immune 
cells. The researchers are working to create 
cells that are good at overcoming different 
kinds of barriers. When these cells are mixed 
together, the goal is for groups of immune cells 
to overcome all the different types of barriers 
to reach the cancer cells. 

Source: University of Minnesota Twin Cities 
news release
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Undruggable cancer protein becomes druggable
Researchers discovered a cost-effective and efficient way to synthesize a rare compound found in a shrub

Inspired by a rare compound found in a shrub 
native to North America, Mingji Dai, 
professor of chemistry and a scientist at the 
Purdue University Center for Cancer 
Research, studied the compound and dis-
covered a cost-effective and efficient way to 
synthesize it in the lab. The compound - 
curcusone D - has the potential to help combat 
a protein found in many cancers, including 
some forms of breast, brain, colorectal, 
prostate, lung and liver cancers, among others. 
The protein, dubbed BRAT1, had previously 
been deemed “undruggable” for its chemical 
properties. In collaboration with Alexander 
Adibekian's group at the Scripps Research 
Institute, they linked curcusone D to BRAT1 
and validated curcusone D as the first BRAT1 
inhibitor.

Curcusones are compounds that come from a 
shrub named Jatropha curcas, also called the 
purging nut. Native to the Americas, it has 
spread to other continents, including Africa 
and Asia. Dai was interested in this family of 
compounds — curcusone A, B, C and D. 

Researchers tested the compounds on breast 
cancer cells and found curcusone D to be 
extremely effective at shutting down cancer 
cells. The protein they were targeting, 
BRAT1, regulates DNA damage response 
and DNA repair in cancer cells. Cancer cells 
grow very fast and make a lot of DNA. If 
scientists can damage cancer cells' DNA and 
keep them from repairing it, they can stop 

cancer cells from growing. The research was 
recently published in the Journal of the 
American Chemical Society. “Our compound 
can not only kill these cancer cells, it can stop 
their migration,” Dai said. “If we can keep the 
cancer from metastasizing, the patient can live 
longer.” 

Dai and his team believe that as effective as 
curcusone D is by itself, it may be even more 
potent as part of a combination therapy. They 
tested it alongside a DNA damaging agent that 
has already been approved by the Food and 
Drug Administration and found that this 
combination therapy is much more effective. 
The next step will be to test the compound to 
ensure that it is not toxic to humans, something 
the researchers are optimistic about since the 
shrub it came from has been used as a 
traditional medicine in a number of cultures. 
Already, researchers from other entities have 
reached out to test the compound on the 
cancers they study, bringing hope for renewed 
therapeutics for treating the disease.

Source: Purdue University news release

Medical Sciences - Cancer Research

Hormone's action to battle prostate cancer
Researchers have unveiled important new insights into how hormones known as androgens act on our cells

Researchers at UVA Cancer Center have 
unveiled important new insights into how 
hormones known as androgens act on our cells 
– and the discovery could boost efforts to 
develop better treatments for prostate, ovarian 
and breast cancers. The findings shed light on 
how androgens interact with their receptors 
inside cells to affect genetic activity. This 
process is important in both healthy cells and 
certain cancers. Hormone therapy for prostate 
cancer, for example, aims to reduce the 
amount of androgen in the body, or to stop it 
from fueling the cancer cells. However, the 
approach does not work for some men, and for 
others it eventually fails. So scientists are 
eager to better understand how our cells – and 
cancer – interact with androgen. “Our study 
reveals a new mechanism for how androgen 
regulates communication within prostate 
cancer cells,” said Bryce M. Paschal of the 
UVA School of Medicine's Department of 
Biochemistry and Molecular Genetics. “Anti-
androgen therapies continue to be the 
cornerstone for prostate cancer therapy. The 

better we understand how androgens work, 
the better clinicians will be positioned to 
understand why it fails, and how even better 
therapies can be designed.”

In a new paper in the journal Nature 
Communications, Paschal and his colleagues 
describe how a complex signaling system 
regulates androgen receptor activity. The 
system, they found, uses a “writer” and a 
“reader” to modify cellular proteins – sort of 
like how a computer reads and writes 

information.  One key to the regulation 
process, found by Paschal and his team, is an 
enzyme, Parp7, produced by the  gene. PARP7
Parp7 is part of a family of enzymes involved 
in important cellular functions, including 
DNA repair. Certain cancer drugs already 
target certain Parp enzymes; these drugs are 
used to treat prostate, ovarian and breast 
cancers in patients who have mutations in 
DNA-repair genes. And while androgens are 
usually discussed in the context of prostate 
cancer, androgens may be important in ovarian 
and breast cancer as well. Paschal's new 
findings offer fresh insights into these Parp 
drugs and could lead to improved treatments 
that help patients get the best outcomes. 
Further, Paschal and his team found lower 
levels of Parp7 in prostate cancer that has 
spread to other parts of the body than in the 
initial tumors. That may suggest that a 
reduction in Parp7 is associated with the 
progression of the disease, the researchers say. 

Source: Edited from UVA news release

Curcusone D, the first synthesized BRAT-1 
inhibitor, originally comes from the root of 
Jatropha curcas, a shrub native to the 
Americas. (Forest and Kim Starr)
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Gene therapy in Alzheimer's disease
A key step toward eventually testing the approach in humans with the neurodegenerative disease

Researchers at University of California San 
Diego School of Medicine, with colleagues 
elsewhere, have used gene therapy to prevent 
learning and memory loss in a mouse model of 
Alzheimer's disease (AD), a key step toward 
eventually testing the approach in humans 
with the neurodegenerative disease. The 
findings are published online in Molecular 
Therapy–Methods & Clinical Development. 
Current AD treatments targeting plaques and 
tangles address only symptoms, which the 
study's authors say suggests a reversal and 
cure of AD will likely require a combination 
of interventional approaches that both 
decrease aggregating toxins and promote 
neuronal and synaptic plasticity. Gene therapy 
is based on the premise that introducing a 
therapeutic compound to a precisely targeted 
region of the brain may restore or protect 
normal neural function and/or reverse 
neurodegenerative processes. In this case, 
researchers used a harmless adeno-associated 
viral vector to introduce synapsin-Caveolin-1 
cDNA (AAV-SynCav1) into the hippo-

campus region of three-month-old transgenic 
AD mice.

The mice had been genetically modified to 
exhibit learning and memory deficits at 9 and 
11 months, respectively. These deficits are 
associated with decreased expression of 
Caveolin-1, a scaffolding protein that builds 
the membranes housing cellular signaling 
tools, such as neurotrophin receptors that 
receive the critical extracellular signals, 
which govern all cellular life and function. 
With decay and destruction of these 
membranes, cell dysfunction and neuro-
degeneration follow. “Our goal was to test 
whether SynCav1 gene therapy in these AD 
mouse models might preserve neuronal and 
synaptic plasticity in targeted parts of the 
membrane, and improve higher brain 
function,” said senior author Brian P. Head, 
PhD, adjunct professor in the Department of 
Anesthesiology at UC San Diego School of 
Medicine and research health scientist at the 
VA San Diego Healthcare System. And, in 

fact, that's what happened after mice received 
a single injection of AAV-SynCav1 to their 
hippocampus, which is a complex region deep 
within the brain that plays a major role in 
learning and memory. In AD, the hippocampus 
is among the first areas of the brain to be 
impaired. At 9- and 11-months, said Head, 
hippocampal learning and memory in the mice 
were preserved. Moreover, researchers found 
that critical membrane structures and asso-
ciated neurotrophin receptors also remained 
intact. Furthermore, these neuro-protective 
effects from SynCav1 gene delivery occurred 
independent of reducing amyloid plaque 
depositions. “These results suggest SynCav1 
gene therapy is an attractive approach to 
restore brain plasticity and improve brain 
function in AD and potentially in other forms 
of neurodegeneration caused by unknown 
etiology,” wrote the authors. The SynCav1 
gene therapy is patented through UC San 
Diego and the Department of Veterans Affairs.

Source: UC San Diego news release

Medical Sciences - Immunology

Hijacking of human cells by SARS-CoV-2
The coronavirus that causes COVID-19 hijacks human cell machinery to blunt the immune response

Researchers at University of California San 
Diego School of Medicine have discovered 
one way in which SARS-CoV-2, the 
coronavirus that causes COVID-19, hijacks 
human cell machinery to blunt the immune 
response, allowing it to establish infection, 
replicate and cause disease. In short, the virus' 
genome gets tagged with a special marker by a 
human enzyme that tells the immune system to 
stand down, while at the same time ramping 
up production of the surface proteins that 
SARS-CoV-2 uses as a “doorknob” to enter 
cells. The study, published in Cell Reports, 
helps lay the groundwork for new anti-viral 
immunotherapies - treatments that work by 
boosting a patient's immune system, rather 
than directly killing the virus. “It's very smart 
of this virus to use host machinery to 
simultaneously go into stealth mode and get 
inside more cells,” said Tariq Rana, PhD, 
professor and chief of the Division of Genetics 
in the Department of Pediatrics at UC San 
Diego School of Medicine and Moores Cancer 
Center. “The more we know about how the 
virus establishes itself in the body, the better 
equipped we are to disrupt it.”

Rana and his team previously discovered that 
m6A plays an important role in HIV and Zika 
virus infections. In their latest study, the 
researchers discovered that the human 
enzyme METTL3 adds methyl groups to 
introduce m6A in SARS-CoV-2's RNA. That 
modification prevents the virus' RNA from 
triggering inflammatory molecules known as 
cytokines. To the team's surprise, METTL3's 
activity also led to increased expression of 
pro-viral genes — those that encode proteins 

needed for SARS-CoV-2 replication and 
survival, such as ACE2, the cell surface 
receptor that the virus uses to enter human 
cells. When the team removed METTL3 from 
cells in the laboratory, using gene silencing or 
other methods, they saw the reverse — a pro-
inflammatory molecule known as RIG1 binds 
the viral RNA, more inflammatory cytokines 
were produced, and pro-viral genes were 
inhibited. Ultimately, inhibiting METTL3 
suppressed viral replication. To see how this 
mechanism plays out in the real world, the 
team compared post-mortem lung samples 
from COVID-19 patients and healthy lung 
biopsies. In patients who had died from severe 
COVID-19, the team found, METTL3 
expression was lower and inflammatory genes 
were elevated. That makes sense in later stages 
of COVID-19, Rana said, because cytokine 
storm — the excessive activation of the 
patient's own immune system — is known to 
worsen the disease.

Source: University of California San Diego 
news release 
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Medical Sciences - Palaeontology

Divergence of humans and apes
The study opens a window to a period when human ancestors diverged from apes

A long-awaited, high-tech analysis of the 
upper body of famed fossil Little Foot opens a 
window to a pivotal period when human 
ancestors diverged from apes, new USC 
research shows. Little Foot's shoulder 
assembly proved key to interpreting an early 
branch of the human evolutionary tree. 
Scientists at the Keck School of Medicine of 
USC focused on its so-called pectoral girdle, 
which includes collarbones, shoulder blades 
and joints. The Little Foot fossil provides the 
best evidence yet of how human ancestors 
used their arms more than 3 million years ago, 
said Kristian J. Carlson, lead author of the 
study and associate professor of clinical 
integrative anatomical sciences at the Keck 
School of Medicine. “Little Foot is the Rosetta 
stone for early human ancestors,” he said. 
“When we compare the shoulder assembly 
with living humans and apes, it shows that 
Little Foot's shoulder was probably a good 
model of the shoulder of the common ancestor 
of humans and other African apes like 
chimpanzees and gorillas.” Little Foot fossil 
continues to help researchers explore human 

evolution.

The apelike characteristics will likely attract 
considerable intrigue as science teams around 
the world have been examining different parts 
of the skeleton to find clues to human origins. 
The USC-led study, which also involved 
researchers at the University of Wisconsin, 
the University of Liverpool and the 
University of the Witwatersrand in South 
Africa, among others, was published today in 
the Journal of Human Evolution. The Little 
Foot fossil is a rare specimen because it's a 
near-complete skeleton of an Austr-

alopithecus individual much older than most 
other human ancestors. Researchers have 
spent years excavating it from its rock 
encasement and subjecting it to high-tech 
analysis. The scientists compared the 
creature's shoulder parts to apes, hominins and 
humans. Little Foot was a creature adapted to 
living in trees because the pectoral girdle 
suggests a creature that climbed trees, hung 
below branches and used its hands overhead to 
support its weight. Those conclusions mean 
that the structural similarities in the shoulder 
between humans and African apes are much 
more recent, and persisted much longer, than 
has been proposed, Carlson said. The scientists 
were able to achieve remarkably clear images 
of the fossils. That's because the bones, 
painstakingly excavated for many years, are in 
good condition and uniquely complete. The 
scientists examined them using micro-CT 
scans, which can detect minute features on the 
surface of an object, peer deep inside a bone, 
measure the density of an object and generate a 
3D model without harming the fossil.

Source: USC news release 

Physical Science - Atmospheric Science

Lightning cleans atmosphere
Lightning bolts subvisible discharges produce extreme amounts of the hydroxyl radical

Lightning bolts break apart nitrogen and 
oxygen molecules in the atmosphere and 
create reactive chemicals that affect 
greenhouse gases. Now, a team of atmospheric 
chemists and lightning scientists have found 
that lightning bolts and, surprisingly, 
subvisible discharges that cannot be seen by 
cameras or the naked eye produce extreme 
amounts of the hydroxyl radical – OH - and 
hydroperoxyl radical - HO . The hydroxyl 2

radical is important in the atmosphere because 
it initiates chemical reactions and breaks 
down molecules like the greenhouse gas 
methane.  "Initially, we looked at these huge 
OH and HO  signals found in the clouds and 2

asked, what is wrong with our instrument?" 
said William H. Brune, distinguished 
professor of meteorology at Penn State. "We 
assumed there was noise in the instrument, so 
we removed the huge signals from the dataset 
and shelved them for later study." The data 
was from an instrument on a plane flown 

above Colorado and Oklahoma in 2012 
looking at the chemical changes that 
thunderstorms and lightning make to the 
atmosphere. The research was published in 
Science First Release and the Journal of 
Geophysical Research - Atmospheres.

Brune notes that airplanes avoid flying 
through the  rapidly  r is ing cores  of 
thunderstorms because it is dangerous, but 
can sample the anvil, the top portion of the 
cloud that spreads outward in the direction of 
the wind. Visible lightning happens in the part 
of the anvil near the thunderstorm core. It was 
known that lightning can split water to form 
hydroxyl and hydroperoxyl, but this process 
had never  been observed before  in 
thunderstorms. While the researchers found 
hydroxyl and hydroperoxyl in areas with 
subvisible lightning, they found little 
evidence of ozone and no evidence of nitric 
oxide, which requires visible lightning to 
form. If subvisible lightning occurs routinely, 

then the hydroxyl and hydroperoxyl these 
electrical events create need to be included in 
atmospheric models. Currently, they are not. 
According to the researchers, "Lightning-
generated OH (hydroxyl) in all storms 
happening globally can be responsible for a 
highly uncertain but substantial 2% to 16% of 
global atmospheric OH oxidation." "These 
results are highly uncertain, partly because we 
do not know how these measurements apply to 
the rest of the globe," said Brune. "We only 
flew over Colorado and Oklahoma. Most 
thunderstorms are in the tropics. The whole 
structure of high plains storms is different than 
those in the tropics. Clearly we need more 
aircraft  measurements to reduce this 
uncertainty."

Source: Penn State University news release 
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Physical Science - Biophysics

Path of light in photosynthesis
Nature has made use of the basic reaction centre architecture that emerged over 3 billion years ago

Heliobacteria, a type of bacteria thought to be 
similar to those of the common ancestors for 
all photosynthetic organisms. A University of 
Michigan team has determined the first steps 
in converting light into energy for this 
bacterium. “Our study highlights the different 
ways in which nature has made use of the 
basic reaction center architecture that 
emerged over 3 billion years ago,” said lead 
author and U-M physicist Jennifer Ogilvie. 
Photosynthetic organisms contain “antenna” 
proteins that are packed with pigment 
molecules to harvest photons. The collected 
energy is then directed to “reaction centers” 
that power the initial steps that convert light 
energy into food for the organism. These 
initial steps happen on incredibly fast 
timescales—femtoseconds, or one millionth 
of one billionth of a second.  When light hits a 
photosynthetic organism, pigments within the 
antenna gather photons and direct the energy 
toward the reaction center. In the reaction 
center, the energy bumps an electron to a 
higher energy level, from which it moves to a 
new location, leaving behind a positive 

charge. This is called a charge separation.  In 
the reaction centers of plants and most 
photosynthetic organisms, the pigments that 
orchestrate charge separation absorb similar 
colors of light, making it difficult to visualize 
charge separation. Using the heliobacteria, 
the researchers identified which pigments 
initially donate the electron after they're 
excited by a photon, and which pigments 
accept the electron.

Heliobacteria is a good model to examine, 
Ogilvie said, because their reaction centers 
have a mixture of chlorophyll and bacterio-
chlorophyll, which means that these different 
pigments absorb different colors of lights.  To 

probe reaction centers in heliobacteria, 
Ogilvie's team uses a type of ultrafast 
spectroscopy called multi-dimensional 
electronic spectroscopy, imple-mented in 
Ogilvie's lab by lead author and postdoctoral 
fellow Yin Song. Each time the laser pulse hits 
the sample, the light excites the reaction 
centers within. The researchers vary the time 
delay between the pulses, and then record how 
each of those pulses interacts with the sample. 
When pulses hit the sample, its electrons are 
excited to a higher energy level. The pigments 
in the sample absorb specific wavelengths of 
light from the laser - specific colors - and the 
colors that are absorbed give the researchers 
information about the energy level structure of 
the system and how energy flows through it. 
Getting a clearer picture of this energy 
transport and charge separation allows the 
researchers to develop more accurate theories 
about how the process works in other reaction 
centers.

Source: University of Michigan news release

Physical Science - Quantum Physics

Dual nature of electrons
A new discovery could upend our understanding of how electrons behave under extreme conditions

A new discovery led by Princeton University 
researchers provides experimental evidence 
that electrons often behave as if they are made 
of two particles — one particle that gives the 
electron its negative charge and another that 
gives it a magnet-like property known as spin. 
“We think this is the first hard evidence of 
spin-charge separation,” said Nai Phuan Ong, 
Eugene Higgins Professor of Physics, the 
senior author on a study published this week in 
the journal Nature Physics. The experimental 
results fulfill a prediction made decades ago to 
explain one of the most mind-bending states of 
matter, the quantum spin liquid. In all 
materials, the spin of an electron can point 
either up or down. In the familiar magnet, the 
spins uniformly point in one direction 
throughout the sample when the temperature 
drops below a critical temperature. However, 
in spin liquid materials, the spins are unable to 
establish a uniform pattern even when cooled 
very close to absolute zero. The result is one of 
the most entangled quantum states ever 
conceived, a state of great interest to 

researchers in the nascent field of quantum 
computing.

In this new study, the team searched for signs 
of the spinon in a spin liquid composed of 
r u t h e n i u m  a n d  c h l o r i n e  a t o m s .  A t 
temperatures a fraction of a Kelvin above 
absolute zero (or roughly –452 degrees 
Fahrenheit), ruthenium chloride crystals enter 
a spin liquid state in the presence of a high 
magnetic field. Physics graduate student Peter 
Czajka and Tong Gao, a 2020 Ph.D. graduate, 
connected three highly sensitive thermo-
meters to the crystal as it sat in a bath 

maintained at temperatures close to absolute 
zero Kelvin. They then applied the magnetic 
field and a small amount of heat to one crystal 
edge to measure its thermal conductivity, a 
quantity that expresses how well it conducts a 
heat current. If spinons were present, they 
should appear as an oscillating pattern in a 
graph of the thermal conductivity versus 
magnetic field. The oscillating signal they 
were searching for was tiny, so the measu-
rements demanded an extraordinarily precise 
control of the sample temperature as well as 
careful calibrations of the thermo-meters in a 
strong magnetic field. In a series of 
experiments extending over nearly three years, 
Czajka and Gao detected the temperature 
oscillations consistent with spinons with 
increasingly higher resolution, providing 
evidence that the electron is composed of two 
particles,  consistent with Anderson's 
prediction.

Source: Princeton University news release
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