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Dr. N. Kalaiselvi is the Director General of CSIR

Senior scientist Nallathamby Kalaiselvi has become the first woman 
director general of the Council of Scientific and Industrial Research 
(CSIR), a consortium of 38 research institutes across the country.

Her appointment is for a period of two years with effect from the date of 
assumption of charge of the post or until further orders, whichever is 
earlier, a personnel ministry order said .

Kalaiselvi succeeds Shekhar Mande, who superannuated in April. 
Rajesh Gokhale, Secretary, Department of Biotechnology, was given the 
additional charge of the CSIR upon Mande's retirement.
Known for her work in the field of lithium ion batteries, Kalaiselvi is at 
present director of the CSIR-Central Electrochemical Research Institute 
at Karaikudi in Tamil Nadu. She will also hold the charge as secretary, 
Department of Scientific and Industrial Research.

Kalaiselvi has risen through the ranks in CSIR and had broken the 
proverbial glass ceiling by becoming the first woman scientist to head 
the Central Electrochemical Research Institute (CSIR-CECRI) in 
February 2019. She had started her career in research as an entry-level 
scientist at the same institute. 

Hailing from Ambasamudhram, a small town in Tirunelveli district of 
Tamil Nadu, Kalaiselvi did her schooling in Tamil medium, which, she 
said, helped her grasp the concepts of sciences in college.

Kalaiselvi's research work of more than 25 years is primarily focused on 
electrochemical power systems and in particular, development of 
electrode materials, and electrochemical evaluation of in-house 
prepared electrode materials for their suitability in energy storage device 
assembly.

Her research interests include lithium and beyond lithium batteries, 
supercapacitors and waste-to-wealth driven electrodes and electrolytes 
for energy storage and electrocat-alytic applications. She is currently 
involved in the development of practically viable Sodium-ion/Lithium-
sulfur batteries and supercapacitors.

Kalaiselvi also made key contributions to the National Mission for 
Electric Mobility. She has more than 125 research papers and six 
patents to her credit.

Source: PTI

CSIR welcomes Dr N Kalaiselvi as the new Director General, CSIR & Secretary, DSIR.(Photo: CSIR)

Dr. Kalaiselvi calls on Union Minister Dr 

Jitendra Singh 
Dr. Union Minister of State (Independent Charge) Kalaiselvi called on 
Science & Technology Dr. Jitendra Singh and discussed the status of 
ongoing research projects in cutting edge and futuristic technologies. 
Ms. Kalaiselvi's apprised Dr Jitendra Singh about her research 
experience spanning over two decades in areas like electrochemical 
power systems, energy storage devices, lithium technologies and 
electric mobility.

Dr Jitendra Singh congratulated Ms Kalaiselvi for being the first 
woman DG of CSIR in its rich history and legacy of over 80 years. He 
also underlined that Prime Minister Modi has penchant for taking such 
historic decisions having positive bearing on overall growth and 
development of the country.

Dr Jitendra Singh said that CSIR having a network of 38 laboratories 
and over 4,500 scientists must focus on emerging innovations in areas 
like Hydrogen in the energy transition, Carbon capture and storage, 
Accessible solar power, Plastic recycling and Cheap energy storage.He 
lauded National Aerospace Laboratories, a constituent of the Council 
of Scientific and Industrial Research (CSIR-NAL) for recently 
showcasing the solar powered high altitude long endurance unmanned 
aerial vehicle, also known as the 'High Altitude Performance (HAP) 
Vehicle. The HAP is designed to fly at an altitude of 22 km and for a 
span of up to 90 days and could work as a pseudo satellite, with a higher 
performance, lower launch cost. Similarly, the Minister also underlined 
the pioneering work being done in Drone technology. 
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India's roadmap for climate protection

While inaugurating the 3-day International Conference on “Systems 

Analysis for Enabling Integrated Policy Making. Union Minister of 

State (Independent Charge) Science & Technology; Minister of State 

(Independent Charge) Earth Sciences; MoS PMO, Personnel, Public 

Grievances, Pensions, Atomic Energy and Space, Dr Jitendra Singh 

shared India's roadmap for climate protection and that noted Prime 

Minister Narendra Modi is playing a leading role in addressing this issue 

at global level.

Dr Jitendra Singh said, under Prime Minister Modi, India has presented 

a roadmap to the world about the mitigation measures by building upon 

the principle of Common but Differentiated Responsibility (CBDR). He 

pointed out that India is committed to reducing its aggregate greenhouse 

gas emissions (GHGs) by one billion tonnes by 2030, decreasing its 

dependency on fossil fuels by 50 per cent of the total consumption in 

2030; reducing carbon to GDP intensity by 45 per cent from the 2005 

levels and making entire country carbon neutral by 2070.

The conference organised by the Technology Information, Forecasting 

& Assessment Council (TIFAC), an Autonomous Body under the 

Department of Science and Technology (DST)) in collaboration with 

International Institute for Applied Systems Analysis(IIASA) is being 

attended by around 1000 academicians, researchers, practitioners, 

government officials, IIASA representatives, policy planners from 

diverse disciplines are formulating ideas and identifying complex issues 

of climate change, pollution, clean energy, livelihood, and digitalization 

widely shared by countries across Asia at the three day event.

Participants from Malaysia, Sri Lanka, Austria, USA, China, Iran, 

Philippines, Japan and Jordan are designing solutions using the 

multilateral application of systems analysis tools with a focus on 

extensive interaction among various stakeholders.

The Minister said, India has been traditionally vulnerable to natural 

disasters on account of its unique geo-climate conditions. Floods, 

droughts, cyclones, earthquakes, and landslides have been a recurrent 

phenomenon, but recent events have become erratic with an 

unpredictable frequency and intensity that are being attributed to climate 

change. The Minister, however added that India being a leader in 

disaster management, the world looks up to us for global challenges such 

as climate change.

Dwelling on historical perspective, Dr Jitendra Singh said, since the turn 

of the 20th century the global average temperature has risen, sea levels 

have increased, the oceans have warmed and become more acidic, land 

and sea ice has melted, and the atmospheric carbon dioxide level has 

increased. He said, it is widely felt that human activities are largely the 

cause of climate change and these may lead to Food insecurity and Water 

scarcity: Similarly, disaster and climate change events have led to 

increased or decreased precipitation that have impacted the water 

supplies leading to scarcity or flooding or stagnation, the Minister 

added.

Dr Jitendra Singh underlined that the battle against this mammoth 

climate change cannot be fought alone and the scientific communities 

need to talk in harmony toward a shared goal of mitigating climate 

change and achieving Sustainable Development Goals (SDGs).

The Minister called for building up strong regional collaboration for 

systems research and design policy directives with collective efforts to 

deal with climate Change.

Dr Jitendra Singh told the gathering that COVID-19 brought forth the 

inherent resilience and capabilities, as when the pandemic hit, there 

was hardly any PPE kits, adequate masks or treatment protocols, but 

under Modi's vision India successfully came up with 2 indigenously 

developed vaccines – Covaxin and Covishield in a short span of time 

and thereafter developed the DNA vaccine.

Dr Jitendra Singh concluded that this is indeed a proud moment for 

India to host this very important Conference on systems analysis as it 

coincides with India's 75th year of Independence, which is popularly 

celebrated as Azadi Ka Amrit Mahotsav. He also hoped that the 

deliberations in the form of panel discussions, plenaries and talks, the 

scientific community will enrich itself with the discussions in different 

domains of Systems analysis and would further strengthen the 

collective resolve for a sustainable future.

Principal Scientific Adviser to the Government of India Professor Ajay 

K Sood underlined that new integrated approaches and tools were 

needed to tackle the unprecedented challenges that humanity was 

facing.  He added that the future challenges like climate change, food 

security required collective robust system to mitigate the emerging 

challenges & long-lasting solutions and hoped that the workshop 

would bring new ideas, vision for a less vulnerable world.

Representatives from Ministry of Earth Sciences, Ministry of 

Environment, Forest and Climate Change, Ministry of Agriculture and 

Farmers Welfare, Ministry of Jal Shakti and others as well as delegates 

from premier institutes like Deutsche Gesellschaft für Internationale 

Zusammenarbeit (GIZ) GmbH, from United Nations Development 

Programme (UNDP), World Resources Institute (WRI) and Asian And 

Pacific Centre for Transfer of Technology (APCTT) are also providing 

insights into various themes of the conference.

Source: PIB

Participants from Malaysia, Sri Lanka, Austria, USA, China, Iran, Philippines, Japan and 

Jordan are designing solutions using the multilateral application of systems analysis tools
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New scheme to augment research capabilities in state universities and 
colleges

A new scheme was launched to augment the research capabilities in a 
structured way to create a robust R&D ecosystem in state and private 
universities and colleges, including self-financed institutions working 
within these universities.

State University Research Excellence (SERB-SURE) is a new 
innovative scheme of the Science and Engineering Research Board 
(SERB), a statutory body of the Department of Science and Technology 
(DST), that can foster collaboration for high-end research at state and 
private universities and colleges.

“The new scheme will help bring the university system, which was so far 
mostly limited to teaching, into mainstream research and enable the 
young faculty there to participate in cutting-edge research,” said Dr. 
Srivari Chandrasekhar, Chairman SERB and Secretary, Department of 
Science and Technology (DST) at the launch of the programme. He 
added that the new programme, which would also support data-driven 
social science research, would be a great stimulus to the latent potential 
that lies in our universities.

Chairman University Grants Commission, Professor M Jagadesh 
Kumar, said that this scheme would provide much-needed research 
opportunities to the faculties of state universities, 45% of which are 
located in rural areas. He also emphasized on the need to train the faculty 
of the universities on how to write and submit proposals, procurements, 
and management of projects.

“As a large number of the state universities are in rural backgrounds, 
they can also take part in ground-level research that would benefit the 
local industry and local farmers and work for grassroot problems 
needing innovative solutions,” said K N Vyas, Secretary Department of 
Atomic Energy.

“In this scheme, the state universities will have level competition to 
secure research funding, and present significant opportunities for 
strengthening of research ecosystem in state universities to upgrade 
their research capabilities to national and international levels,” said 
SERB Secretary Professor Sandeep Verma.

The growth of existing research capabilities at these institutions is 
imperative to ensure horizontal diffusion of research excellence 
reaching all research students hoping to contribute to national R&D 
ecosystem, to propagate scientific temper and promoting enhancement 
of quality through SERB support.

SERB-SURE scheme provides research support to active researchers 
belonging to state and private universities and colleges, including self-
financed institutions working within these universities, across India, to 
undertake research and development in frontier areas of science, 
engineering, and quantitative social science.

Source: PIB

Director, National Science Foundation (NSF) of United States and 
head of the delegation Dr. Sethuraman Panchanathan assured Dr 
Jitendra Singh that the subjects identified in the two-day brainstorming 
session would be taken to logical conclusion. He also promised to open 
new avenues of cooperation in areas like Artificial Intelligence, 
Biotechnology, Geosciences and Astrophysics. 

Dr Jitendra Singh told the NSF delegation that both sides must focus on 
meaningful, targeted, deliverable-driven R&D partnerships in 
technology areas such Quantum, Metaverse, Clean Energy 
Technologies, Cyber-Physical Systems, Advanced Materials and 
Communications Technologies. The Minister pointed out that the 
Indian Scientific diaspora is one of the world's largest and powerful 
diaspora communities in shaping global discourse, particularly in the 
technological innovation landscape. He said, both the countries must 
explore avenues for the US and India to jointly identify, nurture, and 
promote deep-tech start-ups in areas of mutual interest.

Dr Jitendra Singh also sought the support of NSF for the proposed 
Integrated Data System. He said, data collection at present is being 
done by various institutions in different ways, but the Integrated Data 
System will go a long way in data analytics and associated benefits. The 
Minister said, the knowledge partnership with NSF-National Centre 
for Science and Engineering Statistics will be of great value addition in 
terms of long-term capacity development in this area

US delegation of National Science Foundation (NSF) discussed bilateral 
collaboration 

A US delegation of the premier National Science Foundation (NRF), 
currently on visit to India, called on Union Minister of State 
(Independent Charge) Science & Technology; Minister of State 
(Independent Charge) Earth Sciences and discussed bilateral 
collaboration between the two countries as well as the ways to carry this 
collaboration to the next level. 

Dr. Kendra Sharp, Head, Office of International Science and 
Engineering (OISE), National Science Foundation (NSF) of USA, 
Brian Stone, Chief of Staff, NSF, USA, Dr. Bridget Turaga Program 
Director, Office of International Science and Engineering (OISE), NSF, 
Drew Schufletowski, Minister Counselor for Economic, Environment, 
Science and Technology Affairs, United States Embassy in India, 
William Harford Chief of Environment, Science, and Technology Unit, 
United States Embassy and Dr. Sethuraman Panchanathan Director, 
National Science Foundation of United States, among others, were part 
of the delegation joined the meeting.

During the delegation level talks, Dr Jitendra Singh said, both the sides 
have already identified the sectors and collaboration is on in areas like 
healthcare, technology, Space, earth and ocean science, energy, 
emerging technologies and cooperation in Science & Technology 
education. The Minister underlined that India and the United States have 
a long-standing connection and shared interest when it comes to 
scientific discovery and technological innovations and time has come to 
strengthen and leverage these connects for larger global good.
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India's Bioeconomy Report 2022 released

Union Minister of State, Science & Technology, Dr Jitendra Singh said, 
Bioeconomy will be key to India's future economy over the next 25 
years.

Releasing India's Bioeconomy Report 2022, Dr Jitendra Singh pointed 
out that India's Bioeconomy has reached over 80 billion US Dollars in 
2021 recording 14.1% growth over $70.2 billion in 2020. Noting the 
rapid growth in the sector, the Minister said, Bioeconomy is likely to 
touch 150 billion dollars by 2025 and over 300 billion dollars by 2030.

The Minister urged all the stakeholders of Biotech sector, particularly 
Industry, Startup Ecosystem, Investors, Scientists, Scholars, 
Entrepreneurs, and enablers like DBT, BIRAC to collectively work to 
achieve the ambitious target.

Dr Jitendra Singh said, the number of Biotech Start-ups in the country 
have increased from 50 to over 5,300 in the last 10 years, because of the 
growing enabling ecosystem and prioritization provided by Prime 
Minister Narendra Modi. He hoped that Biotech Start-ups arising from 
strong talent pool is expected to further increase 2 times, to 10,000 plus 
by 2025.

The Minister recalled that Modi's presence in the 1st National Biotech 
Start-up Expo 2022 organized by DBT/ BIRAC in June this year is a 
testimony of growth potential in the biotech sector and innovation talent 
pool of our Start-up ecosystem.

Dr Jitendra Singh also launched special Biotech Ignition Grant call for 
North East Region (BIG-NER) and announced financial support of up 
to Rs 50 Lakhs each to 25 startups and entrepreneurs from North East 
Region to develop biotech solutions. He said, North East has huge 
potential and talent to take forward the Biotech sector and asked the 
Ministry to reach out to them. He also informed that BIRAC/ DBT has 
established a strong network of 74 specialized bio-incubation centres in 
21 states/ UTs including 7 bio-incubators in the north east region – an 
emerging cluster. He said, DBT/ BIRAC should continue efforts to 
nurture a local vibrant bio-entrepreneurial ecosystem in the beautiful 
and bioresource rich North East to boost the local Bioeconomy.

India is among the top 3 in South Asia and top 12 destinations for 
biotechnology in the world, with approximately 3% share in the global 
Biotechnology industry. Moreover, India has 2nd highest number of 
USFDA approved manufacturing plants outside the US. He said, 
biotechnology sector has the potential to have cascading multiplier 
effect on overall economic growth of the country. This sunrise sector 
enables technology led solutions for Healthcare, Industrial 
manufacturing, Agriculture, Environment and Clean Energy, the 
Minister added.

Dr Jitendra Singh said that India is global leader in the supply of DPT, 
BCG and measles vaccines and for Covid vaccine also, the nation has 
demonstrated self-sustenance and also supported several countries. He 
said, it is interesting to note that while most sectors showed stunted 
growth or negative growth in the backdrop of Covid challenge, two 
rounds of lockdowns and global disruptions, the Biotech sector stood 
out distinctly.

Dr Jitendra Singh said, the biotech sector particularly for vaccines, 
diagnostics, therapeutics has shown to the world that India can fight 
global challenges like COVID pandemic from the forefront and 
contribute with first-in-class and best-in-class solutions not only for 
itself but for the world. He added that from large manufacturers to 
young start-ups, the innovation ecosystem in the country have come 
together and today, India is self-sufficient in most of the products 
required to manage the pandemic and we need to keep this momentum.

Dr Jitendra Singh presented certain facts like BioPharma companies 
supported by Department of Biotechnology and BIRAC with risk-
funding of about $71 Mn for development and manufacturing of Covid 
vaccines. BioPharma Industry in 2021 tripled their R&D spending to 
nearly $1 billion from $360 million in 2020. Industry also augmented 
the manufacturing capacity by 3 times from 1300 Mn dose in 2020 to 
4500 Mn doses in 2021. This in turn, enabled administration of about 4 
Mn doses of Covid vaccine per day in 2021. The overall impact on 
Bioeconomy from Covid vaccines was registered as $8.7 billion as per 
the India Bioeconomy report 2022.
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Indo-US joint research projects to be implemented through the 
Technology Innovation Hubs

Experts from the India and United States interacted to bring out the best 
plans for joint research projects that would be implemented through the 
Technology Innovation Hubs (TIH), at DST-NSF Joint Research and 
Development Projects Kick-off Workshop.

The workshop was organised by IIT Delhi in association with DST to 
discuss how the projects to be implemented by the six TIHs identified 
under NM-ICPS for collaborative research and development with NSF-
supported institutions would leverage unique resources, such as testbeds 
and datasets available in India and in the US, expand collaborations on 
critical technologies like AI and advanced wireless, and encourage 
student and researcher exchange programs.

Dr Akhilesh Gupta, Senior Adviser, DST informed that a total of 35 joint 
projects have been identified which will be implemented by the 
Technology Innovation Hubs (TIHs) and research institutions from 
USA. “This endeavor will further help us to achieve collaborative 
research and development between the two countries in the area of 
CPS,” he added.

US is our natural partner. Especially in science we have traditionally 
partnered and through collaborative projects the engagement will more 
deeper at the institution level, government level and even people level,” 
Dr Gupta pointed out.

Six TIHs under NM-ICPS have been identified for collaborative 

research and development with NSF-supported institutions. These 
projects aim at adding the component of international collaboration to 
existing research projects in both countries. The Hubs are part of a five-
year, nearly $430 million investment by DST under the National 
Mission on Interdisciplinary Cyber-Physical Systems and comprise 
academic researchers and industry partners.

“US is committed and proud to partner with India for prosperity and 
opportunity for all. These projects shall be aspirational and should be 
able to solve the societal problems,” NSF Director Dr. Sethuraman 
Panchanathan.

Prof. Rangan Banerjee, Director, Indian Institute of Delhi (IIT Delhi) 
said that this workshop will enable linkages and build up TIH to solve 
problems of society. 

Department of Science and Technology (DST), Government of India, 
and National Science Foundation (NSF) joined hands for collaborative 
research and development in Sept 2021 in thematic areas of 
Agriculture, Autonomous systems technologies and applications, 
Health and Environment, Rehabilitation and assistive robotics, and 
Smart cities covering various cyber-physical systems.

DST is implementing National Mission-Interdisciplinary Cyber-
Physical Systems (NMICPS) with an outlay of Rs. 3,660.00 crore for a 
period of five years to encourage innovation in new age technologies. 
As part of the Mission implementation, 25 Technology Innovation 
Hubs (TIHs) have been established in reputed institutes across the 
country in advanced technologies to create a strong foundation and a 
seamless ecosystem for Cyber-Physical Systems, leading a platform 
for policymakers, researchers/innovators, premier institutes, start-ups, 
entrepreneurs, investors, industries and global connect as well.

The workshop was attended by Shri Sanjeev K Varshney, Head, 
International Corporation, DST; Dr. Ekta Kapoor, Head FFT Division; 
Dr. JBV Reddy, Scientist F, DST; Dr. Kendra Sharp, Head, Office of 
International Science and Engineering; Dr. Bridget Turaga, Program 
Director, O/o International Science & Engineering; Dr. Gurdip Singh, 
Director of the Division of Computer and Network Systems along with 
the representatives from TIHs and institutes from US.

Source: PIB

Likewise, the production capacities also witness major increase in Covid 
Diagnostics from 25 million Tests in 2020 to 2000 Mn Tests in 2021. The 
indigenization of previously imported raw materials, reagents and 
components played a significant role here. The Make in India National 
Mission is also likely to play a major role in substituting the import 
dependence of medical devices where the 70-80% demand is currently 
being met through imports. We are already witnessing increasing 
contribution of biotech Start-ups innovating new affordable and 
accessible medical devices and digital health-tech solutions.

Secretary, DBT, Rajesh Gokhale said, this year is particularly 
noteworthy as it coincides with the Azadi Ka Amrit Mahotsav, a 
celebration of our nation's 75 years of independence and the release of 
Bioeconomy 2022 report could not be more apt, as it provides an interim 
progress report of our journey of Atma Nirbhar Bharat.

Dr Gokhale also informed that in case of sustainable Bio-fuel, target year 
for 20% ethanol blending has been advanced by India from 2025 to 2023 
and this biotech sub-sector has shown two times growth. The Ethanol 
production of 3.3 Bn liters capacity has doubled to 6.5 Bn litres in 2021. 
With further growth, India would save its import costs, thereby, directly 
impacting the Forex reserves and Import-Export imbalance in the favor 
of achieving $10 Trillion overall economy target by 2030.

Similarly, Agriculture sector that employs nearly 60% on India's 
population has large scope of improvement. BT Cotton, Biopesticides, 
Biostimulants and Biofertilizers contributed to about $10.48 billion in 
2021 for bioeconomy of the country.

Source: PIB

India's Bioeconomy Report   continued from previous page
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Heaviest neutron star to date is a 
'black widow' eating its mate

A
 dense, collapsed star spinning 707 times per second — 

making it one of the fastest spinning neutron stars in the Milky 

Way galaxy — has shredded and consumed nearly the entire 

mass of its stellar companion and, in the process, grown into the heaviest 

neutron star observed to date.

Weighing this record-setting neutron star, which tops the charts at 2.35 

times the mass of the sun, helps astronomers understand the weird 

quantum state of matter inside these dense objects, which — if they get 

much heavier than that — collapse entirely and disappear as a black 

hole.

“We know roughly how matter behaves at nuclear densities, like in the 

nucleus of a uranium atom,” said Alex Filippenko, Distinguished 

Professor of Astronomy at the University of California, Berkeley. “A 

neutron star is like one giant nucleus, but when you have one-and-a-half 

solar masses of this stuff, which is about 500,000 Earth masses of nuclei 

all clinging together, it's not at all clear how they will behave.”

Roger W. Romani, professor of astrophysics at Stanford University, 

noted that neutron stars are so dense — 1 cubic inch weighs over 10 

billion tons — that their cores are the densest matter in the universe short 

of black holes, which because they are hidden behind their event horizon 

are impossible to study. The neutron star, a pulsar designated PSR 

J0952-0607, is thus the densest object within sight of Earth.

The measurement of the neutron star's mass was possible thanks to the 

extreme sensitivity of the 10-meter Keck I telescope on Maunakea in 

Hawai'i, which was just able to record a spectrum of visible light from 

the hotly glowing companion star, now reduced to the size of a large 

gaseous planet. The stars are about 3,000 light years from Earth in the 

direction of the constellation Sextans.

Discovered in 2017, PSR J0952-0607 is referred to as a “black widow” 

pulsar — an analogy to the tendency of female black widow spiders to 

consume the much smaller male after mating. Filippenko and Romani 

have been studying black widow systems for more than a decade, hoping 

to establish the upper limit on how large neutron stars/pulsars can grow.

“By combining this measurement with those of several other black 

A spinning neutron star periodically swings its radio (green) and gamma-ray (magenta) beams past Earth in this artist's concept of a black 

widow pulsar. The neutron star/pulsar heats the facing side of its stellar partner (right) to temperatures twice as hot as the sun's surface and 

slowly evaporates it. (Image credit: NASA's Goddard Space Flight Center)
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Heaviest neutron star to date is a 'black widow' eating its mate

widows, we show that neutron stars must reach at least this mass, 2.35 

plus or minus 0.17 solar masses,” said Romani, who is a professor of 

physics in Stanford's School of Humanities and Sciences and member of 

the Kavli Institute for Particle Astrophysics and Cosmology. “In turn, 

this provides some of the strongest constraints on the property of matter 

at several times the density seen in atomic nuclei. Indeed, many 

otherwise popular models of dense-matter physics are excluded by this 

result.”

If 2.35 solar masses is close to the upper limit of neutron stars, the 

researchers say, then the interior is likely to be a soup of neutrons as well 

as up and down quarks — the constituents of normal protons and 

neutrons — but not exotic matter, such as “strange” quarks or kaons, 

which are particles that contain a strange quark.

“A high maximum mass for neutron stars suggests that it is a mixture of 

nuclei and their dissolved up and down quarks all the way to the core,” 

Romani said. “This excludes many proposed states of matter, especially 

those with exotic interior composition.”

Romani, Filippenko and Stanford graduate student Dinesh Kandel are 

co-authors of a paper describing the team's results that has been accepted 

for publication by .The Astrophysical Journal Letters

How large can they grow?

Astronomers generally agree that when a star with a core larger than 

about 1.4 solar masses collapses at the end of its life, it forms a dense, 

compact object with an interior under such high pressure that all atoms 

are smashed together to form a sea of neutrons and their subnuclear 

constituents, quarks. These neutron stars are born spinning, and though 

too dim to be seen in visible light, reveal themselves as pulsars, emitting 

beams of light — radio waves, X-rays or even gamma rays — that flash 

Earth as they spin, much like the rotating beam of a lighthouse.

“Ordinary” pulsars spin and flash about once per second, on average, a 

speed that can easily be explained given the normal rotation of a star 

before it collapses. But some pulsars repeat hundreds or up to 1,000 

times per second, which is hard to explain unless matter has fallen onto 

the neutron star and spun it up. But for some millisecond pulsars, no 

companion is visible.

One possible explanation for isolated millisecond pulsars is that each 

did once have a companion, but it stripped it down to nothing.

“The evolutionary pathway is absolutely fascinating. Double 

exclamation point,” Filippenko said. “As the companion star evolves 

and starts becoming a red giant, material spills over to the neutron star, 

and that spins up the neutron star. By spinning up, it now becomes 

incredibly energized, and a wind of particles starts coming out from the 

neutron star. That wind then hits the donor star and starts stripping 

material off, and over time, the donor star's mass decreases to that of a 

planet, and if even more time passes, it disappears altogether. So, that's 

how lone millisecond pulsars could be formed. They weren't all alone to 

begin with — they had to be in a binary pair — but they gradually 

evaporated away their companions, and now they're solitary.”

The pulsar PSR J0952-0607 and its faint companion star support this 

origin story for millisecond pulsars.

“These planet-like objects are the dregs of normal stars which have 

contributed mass and angular momentum, spinning up their pulsar mates 

to millisecond periods and increasing their mass in the process,” Romani 

said.

“In a case of cosmic ingratitude, the black widow pulsar, which has 

devoured a large part of its mate, now heats and evaporates the 

companion down to planetary masses and perhaps complete 

annihilation,” said Filippenko.

Spider pulsars include redbacks and tidarrens

Finding black widow pulsars in which the companion is small, but not 

too small to detect, is one of few ways to weigh neutron stars. In the case 

of this binary system, the companion star — now only 20 times the mass 

of Jupiter — is distorted by the mass of the neutron star and tidally 

locked, similar to the way our moon is locked in orbit so that we see only 

one side. The neutron star-facing side is heated to temperatures of about 

6,200 Kelvin, or 10,700 degrees Fahrenheit, a bit hotter than our sun, and 

just bright enough to see with a large telescope.

Filippenko and Romani turned the Keck I telescope on PSR J0952-0607 

on six occasions over the last four years, each time observing with the 

Low Resolution Imaging Spectrometer in 15-minute chunks to catch the 

faint companion at specific points in its 6.4-hour orbit of the pulsar. By 

comparing the spectra to that of similar sun-like stars, they were able to 

measure the orbital velocity of the companion star and calculate the mass 

of the neutron star.

Filippenko and Romani have examined about a dozen black widow 

systems so far, though only six had companion stars bright enough to let 

them calculate a mass. All involved neutron stars less massive than the 

pulsar PSR J0952-060. They're hoping to study more black widow 

pulsars, as well as their cousins: redbacks, named for the Australian 

equivalent of black widow pulsars, which have companions closer to 

one-tenth the mass of the sun; and what Romani dubbed tidarrens — 

where the companion is around one-hundredth of a solar mass — after a 

relative of the black widow spider The male of this species, . Tidarren 

sisyphoides, is about 1% of the female's size.

“We can keep looking for black widows and similar neutron stars that 

skate even closer to the black hole brink. But if we don't find any, it 

tightens the argument that 2.3 solar masses is the true limit, beyond 

which they become black holes,” Filippenko said.

“This is right at the limit of what the Keck telescope can do, so barring 

fantastic observing conditions, tightening the measurement of PSR 

J0952-0607 likely awaits the 30-meter telescope era,” added Romani.

Source: University of California, Berkeley news release. Author: Robert 

Sander

One possible explanation for 

isolated millisecond pulsars is that 

each did once have a companion, 

but it stripped it down to nothing.
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New technology restores cell, organ 
function in pigs after death

Within minutes of the final heartbeat, a cascade of biochemical 
events triggered by a lack of blood flow, oxygen, and 
nutrients begins to destroy a body's cells and organs. But a 

team of Yale scientists has found that massive and permanent cellular 
failure doesn't have to happen so quickly.

Using a new technology, the team developed that delivers a specially 
designed cell-protective fluid to organs and tissues, the researchers 
restored blood circulation and other cellular functions in pigs a full hour 
after their deaths, they report in the Aug. 3 edition of the journal Nature.

The findings may help extend the health of human organs during surgery 
and expand availability of donor organs, the authors said.

“All cells do not die immediately, there is a more protracted series of 
events,” said David Andrijevic, associate research scientist in 
neuroscience at Yale School of Medicine and co-lead author of the study. 
“It is a process in which you can intervene, stop, and restore some 
cellular function.”

The research builds upon an earlier Yale-led project that restored 
circulation and certain cellular functions in the brain of a dead pig with 
technology dubbed BrainEx. Published in 2019, that study and the new 
one were led by the lab of Yale's Nenad Sestan, the Harvey and Kate 
Cushing Professor of Neuroscience and professor of comparative 
medicine, genetics, and psychiatry.

“If we were able to restore certain cellular functions in the dead brain, an 
organ known to be most susceptible to ischemia [inadequate blood 
supply], we hypothesized that something similar could also be achieved 
in other vital transplantable organs,” Sestan said.

In the new study — which involved senior author Sestan and colleagues 
Andrijevic, Zvonimir Vrselja, Taras Lysyy, and Shupei Zhang, all from 
Yale — the researchers applied a modified version of BrainEx called 
OrganEx to the whole pig. The technology consists of a perfusion device 
similar to heart-lung machines — which do the work of the heart and 
lungs during surgery — and an experimental fluid containing 
compounds that can promote cellular health and suppress inflammation 
throughout the pig's body. Cardiac arrest was induced in anesthetized 
pigs, which were treated with OrganEx an hour after death.

Six hours after treatment with OrganEx, the scientists found that certain 
key cellular functions were active in many areas of the pigs' bodies — 
including in the heart, liver, and kidneys — and that some organ function 
had been restored. For instance, they found evidence of electrical 
activity in the heart, which retained the ability to contract.

“We were also able to restore circulation throughout the body, which 
amazed us,” Sestan said.

Normally when the heart stops beating, organs begin to swell, collapsing 
blood vessels and blocking circulation, he said. Yet circulation was 
restored and organs in the deceased pigs that received OrganEx 
treatment appeared functional at the level of cells and tissue.

“Under the microscope, it was difficult to tell the difference between a 
healthy organ and one which had been treated with OrganEx technology 
after death,” Vrselja said.

As in the 2019 experiment, the researchers also found that cellular 
activity in some areas of the brain had been restored, though no 
organized electrical activity that would indicate consciousness was 
detected during any part of the experiment.

The team was especially surprised to observe involuntary and 
spontaneous muscular movements in the head and neck areas when they 
evaluated the treated animals, which remained anesthetized through the 
entire six-hour experiment. These movements indicate the preservation 
of some motor functions, Sestan said.

The researchers stressed that additional studies are necessary to 
understand the apparently restored motor functions in the animals, and 
that rigorous ethical review from other scientists and bioethicists is 
required.

The experimental protocols for the latest study were approved by Yale's 
Institutional Animal Care and Use Committee and guided by an external 
advisory and ethics committee.

The OrganEx technology could eventually have several potential 
applications, the authors said. For instance, it could extend the life of 
organs in human patients and expand the availability of donor organs for 
transplant. It might also be able to help treat organs or tissue damaged by 
ischemia during heart attacks or strokes.

“There are numerous potential applications of this exciting new 
technology,” said Stephen Latham, director of the Yale Interdisciplinary 
Center for Bioethics. “However, we need to maintain careful oversight 
of all future studies, particularly any that include perfusion of the brain.”

Source: Yale University news release. Author: Bill Hathaway

Researchers restored blood circulation and other cellular functions in pigs a full hour after 
their deaths

Illustration of organ perfusion and cellular recovery with OrganEx 
technology. The cell-saving blood analog is delivered to vital organs 
one hour after death. (Credit: Marin Balaic)



 FOCUS FEATURE

12 The Scitech Journal Volume 09 Issue 09 September  2022

Brain stimulation improves motor 
skill learning at older age

Even though we don't think about it, every movement we make in 
our daily life essentially consists of a sequence of smaller 
actions in a specific order. The only time we realize this is when 

we have to learn a new motor skill, like a sport, a musical instrument, a 
new dance routine or even a new electronic device such as a smart phone 
or videogame controller.

Perhaps unsurprisingly, there is a lot of research invested in figuring out 
how humans acquire sequential motor skills, with a majority of studies 
in healthy young adults. Studies involving older individuals (and 
common experience) show that the older we get, the harder it is and the 
longer it takes to learn new motor skills, suggesting an age-related 
decrease in learning ability.

“As learning is crucial for continuously adapting and staying integrated 
in daily life, improving these impaired functions will help to maintain 
the quality of life as we age, especially in view of the constant increase in 
life expectancy seen worldwide,” says Professor Friedhelm Hummel 
who holds the Defitech Chair of Clinical Neuroengineering at EPFL's 
School of Life Sciences.

In a new study, published in Science Advances 20 July 2022 Hummel 
and his PhD student Pablo Maceira-Elvira have found that transcranial 
brain stimulation can improve the age-related impairment in learning 
new motor skills.

The study used a common way of evaluating how well a person learns 
new motor skills called the “finger-tapping task”. It involves typing a 
sequence of numbers as fast and as accurately as possible. The task is 
popular in studies because it simulates activities that require high 
dexterity – such as playing the piano or typing on a keyboard – while 
providing an objective measure of “improvement”, defined as a person 
increasing their speed without losing accuracy.

Scientists refer to this as a “shift in the speed-accuracy tradeoff”, and it 
constitutes a key feature of learning. One of the ways the brain achieves 
this shift is by grouping individual motor actions into so called “motor 
chunks”: spontaneously emerging brain structures that reduce a person's 
mental load, while optimizing the mechanical execution of the motor 
sequence. “Motor chunks emerge reliably when young adults train on 
the finger-tapping task, but previous studies show either lacking or 
deficient motor chunks in older adults,” says Pablo Maceira-Elvira.

The early bird gets the motor skill

The study first trained and tested groups of younger and older adults on 
learning a new sequence of finger-tapping task, and revealed 
fundamental differences between the two. Young adults learned the 
finger-tapping task most efficiently by prioritizing the improvement of 
the accuracy during their first training session and by focusing on 
improving their speed thereafter. This led to a shift in the speed-accuracy 
tradeoff, which allowed efficient motor chunks to emerge early on.

“Older adults showed decreased fast online learning and absent offline 

learning,” says Maceira-Elvira. “In other words, while young adults 
show sharp performance increases early in training and improve 
overnight, older adults improve at a more moderate pace and even 
worsen overnight.” In contrast, older adults improved their accuracy 
gradually over the course of training, generating efficient motor chunks 
only after more extensive practice.

Brain stimulation improvements

Extensive research has been carried out on novel neurotechnologies that 
may restore learning impairment in older people. “Recent studies have 
shown we can enhance motor skill acquisition by applying non-invasive 
brain stimulation to the motor cortex, with anodal transcranial direct 
current stimulation (at DCS) attracting both academic and commercial 

interest in recent years due to its unobtrusiveness, portability and 
affordability,” says Hummel.

In the current study, the researchers applied atDCS to the participants 
and found that it helped older adults to improve their accuracy sharply 
earlier on in training and in a pattern similar to that seen in young adults. 
“Stimulation accelerated the shift in the speed-accuracy tradeoff and 
enabled an earlier emergence of efficient motor chunks, with 50% of 
older adults generating these structures during the first training session,” 
says Maceira-Elvira.

He adds: “The study suggests that atDCS can at least partially restore 
motor skill acquisition in individuals with diminished learning 
mechanisms, by facilitating the storage of task-relevant information, 
quickly reducing mental load and allowing the optimization of the 
mechanical execution of the sequence.”

“These studies add to the better understanding of age-related deficits in 
motor skill acquisition and offer a novel strategy to non-invasively 
restore these deficits,” says Hummel. “These findings open novel 
opportunities of interventional strategies adjusted to the specific 
learning phase to restore deficits due to healthy aging or neurological 
disorder such as stroke.”

Source: EPFL news release. Author: Nik Papageorgiou

Non-invasive brain stimulation can restore optimal motor skill acquisition in people with diminished 
learning capabilities, e.g., due to age.

“The study suggests that at DCS can at 

least partially restore motor skill 

acquisition in individuals with diminished 

learning mechanisms, by facilitating the 

storage of task-relevant information, 

quickly reducing mental load and 

allowing the optimization of the 

mechanical execution of the sequence.”
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Decline in smell over time predicts 
loss of cognitive function

University of Chicago Medicine study shows that decline in 
smell over time predicts loss of cognitive function

Though we often undervalue our ability to smell compared to our 
abilities to see and hear, our olfactory sense provides our brain with 
critical information, from detecting potential dangers like smoke to 
recognizing the sweet smell of baking cookies.

Researchers at the University of Chicago Medicine have discovered 
another reason to appreciate our sniffers. Not only can a decline in a 
person's sense of smell over time predict their loss of cognitive function, 
it can foretell structural changes in regions of the brain important in 
Alzheimer's disease and dementia.

The findings, published in  Alzheimers & Dementia, July 28, 2022, 
based on a longitudinal study of 515 older adults, could lead to the 
development of smell-test screening to detect cognitive impairment 
earlier in patients.

“This study provides another clue to how a rapid decline in the sense of 
smell is a really good indicator of what's going to end up structurally 
occurring in specific regions of the brain,” said senior author Jayant M. 
Pinto, a professor of surgery at the University of Chicago who studies 
olfactory and sinus disease.

It's estimated more than 6 million Americans have Alzheimer's disease, 
which is characterized by memory loss and other symptoms, such as 
mood changes and trouble completing everyday tasks. There is no cure 
for Alzheimer's, but some medications can temporarily slow its 
symptoms.

Memory plays a critical role in our ability to recognize smells, and 
researchers have long known of a link between the sense of smell and 
dementia. The plaques and tangles that characterize tissue affected by 
Alzheimer's disease often appear in olfactory and memory- associated 
areas before developing in other parts of the brain. It's still unknown if 
this damage actually causes the decline in a person's sense of smell.

Pinto and his team wanted to see whether it was possible to identify 
alterations in the brain that correlated with a person's loss of smell and 
cognitive function over time.

“Our idea was that people with a rapidly declining sense of smell over 
time would be in worse shape – and more likely to have brain problems 
and even Alzheimer's itself – than people who were slowly declining or 
maintaining a normal sense of smell,” said Rachel Pacyna, a rising 
fourth-year medical student at the University of Chicago Pritzker 
School of Medicine and lead author of the study.

The team tapped anonymized patient data from Rush University's 
Memory and Aging Project (MAP), a study group begun in 1997 to 
research chronic conditions of aging and neurodegenerative disease 
such as Alzheimer's disease. MAP participants are older adults living in 
retirement or senior housing communities in Northern Illinois and are 

tested annually for their ability to identify certain smells, for cognitive 
function and for signs of dementia, among other health parameters. 
Some participants also received an MRI scan.

The UChicago Medicine scientists found that a rapid decline in a 
person's sense of smell during a period of normal cognition predicted 
multiple features of Alzheimer's disease, including smaller gray matter 
volume in the areas of the brain related to smell and memory, worse 
cognition and higher risk of dementia in these older adults. In fact, the 
risk of sense of smell loss was similar to carrying the APOE-e4 gene, a 
known genetic risk factor for developing Alzheimer's.

The changes were most noticeable in the primary olfactory regions, 
including the amygdala and entorhinal cortex, which is a major input to 
the hippocampus, a critical site in Alzheimer's disease. 

“We were able to show that the volume and shape of grey matter in 
olfactory and memory-associated areas of the brains of people with rapid 
decline in their sense of smell were smaller compared to people who had 
less severe olfactory decline,” said Pinto.

An autopsy is the gold standard for confirming whether someone had 
Alzheimer's, and Pinto hopes to eventually extend these findings by 
examining brain tissue for markers of Alzheimer's. The team also hopes 
to study the effectiveness of using smell tests in clinics – in ways similar 
to how vision and hearing tests are used – as a means of screening and 
tracking older adults for signs of early dementia, and to develop new 
treatments.

Smell tests are an inexpensive, easy-to-use tool that consists of a series 
of sticks that are similar in appearance to felt-tip pens. Each stick is 
infused with a distinct scent that individuals must identify from a set of 
four choices.

“If we could identify people in their 40s, 50s and 60s who are at higher 
risk early on, we could potentially have enough information to enroll 
them into clinical trials and develop better medications,” said Pacyna.

The study was limited in that participants received only one MRI scan, 
which meant the team lacked the data to pinpoint when structural 
changes in the brains began or how quickly brain regions shrunk.

“We have to take our study in the context of all of the risk factors that we 
know about Alzheimer's, including the effects of diet and exercise,” said 
Pinto. “Sense of smell and change in the sense of smell should be one 
important component in the context of an array of factors that we believe 
affect the brain in health and ageing.

Also, because most MAP participants were white, additional research is 
needed to determine whether underrepresented populations are similarly 
affected. The team's prior work showed marked disparities by race, with 
African Americans facing the most severe impairment in smell function.

Source: University of Chicago news release. Author: Sarah Richards

Rapid loss of smell predicts dementia and smaller brain areas linked to Alzheimer's
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A quantitative snapshot of the human 
impact on the planet

If you are in a major city anywhere in the world, it is probably quite 
easy to grab a cheap hamburger from a nearby fast-food restaurant. 
But what you may not realize is that the meat in that cheap burger 

can actually illustrate a grand narrative about how humans have shaped 
the planet. From the land used to raise cattle for beef consumption, to the 
water used to feed those cattle, to the fuel used to transport the beef all 
over the world, the human progress that enables us to easily buy a 
burger—and, for that matter, hop on a plane, charge our phones, and take 
part in the multitude of activities that make up our everyday 
experiences—has changed the biosphere.

Now, Caltech researchers have developed a database containing global 
data on how humans have impacted the planet. The Human Impacts 
Database is designed to be accessible to scientists, policymakers, and 
everyday citizens, and provides information ranging from global plastic 
production (4 x 1011 kilograms per year) to the number of cattle on 
Earth (about 1.6 billion), to global annual mean sea level rise 
(approximately 3.4 millimeters per year). The data are broken into five 
main categories: water, energy, flora and fauna, atmospheric and 
biogeochemical cycles, and land. These also include 20 subcategories. 
Where available, the database includes time series to help illustrate how 
these numbers have changed through the years.

The project was conducted in the laboratory of Rob Phillips, Fred and 
Nancy Morris Professor of Biophysics, Biology, and Physics; and led by 
former graduate students Griffin Chure (PhD '20) and Rachel Banks 
(PhD '22). A paper describing the research appears in the journal 
Patterns on August 3.

The team hopes that by having access to simple numbers about human 
impacts, citizens and scientists alike can develop data-based intuition 
about the way the world works and make more informed decisions.

"For example, a friend texted me asking how to compare the impact of 
dairy cattle versus beef cattle," Chure says. "We can use our database to 
figure out that, in terms of land requirement, greenhouse gas emissions, 
and water use, beef cattle are more impactful by a factor of five or more 
on a per-calorie basis. We really hope that this database is useful for both 
ordinary citizens trying to make decisions and for people thinking about 
policy. I view being literate with numbers as a prerequisite for being 
informed, whether you're a citizen or a scientist."

The project takes a planet-wide look at human impacts rather than 
sorting by country or region.

"For the most part, we provide global values," Banks explains. "We also 
draw data from all sorts of different resources: scientific papers, 
governmental and intergovernmental reports, and industry reports in 
some cases. We've made an effort to see how well these reports align. If 
we have multiple sources, we report more than one value for a number in 
order to give us a better sense of the certainty on the value."

There is a long tradition in the sciences of building databases that 
contain key quantities in physics and chemistry. Inspired by this work, in 
2009, Phillips and collaborator Ron Milo of the Weizmann Institute of 
Science in Israel developed the website , a publicly Bio Numbers
available site where researchers can find quantitative data on various 
facets of biology taken from scientific literature, such as the number of 

proteins involved in a particular biochemical process. The Human 
Impacts Database brings those same motivations to studying the many 
ways in which humans interact with land, oceans, and atmosphere.

During his PhD work, Chure frequently referred to BioNumbers, but 
realized it would be useful to have a database that focused specifically on 
quantifying how human activity impacts planetary-scale processes. He 
began to develop the Human Impact Database during the early months of 
the COVID-19 pandemic in 2020, and the project had a bigger impact 
upon him than he expected.

"From a personal standpoint, this project has completely changed my 
life. It's changed the direction of my science," Chure says. "I'm confident 
that I'm going to spend the rest of my scientific career focusing on how 
humans are changing biology. That may range from considering the 
huge amounts of nitrogen and phosphorusthat we dump into coastal 
watersheds and how that changes the microbial composition of these 
ecosystems, to how we artificially evolve chickens to have their meat 
grow faster than their bones can support, for example. From a personal 
standpoint, this has really refocused what I care about, and what I think 
that I can do to be impactful."

The team emphasizes that the database is not comprehensive or 
exhaustive; they plan to continually update the numbers as new data 
comes out.

"In my view, the root to understanding is numeracy: once you have the 
numbers, it becomes clear what the problems are, which things are 
significant, and which things are less so," Phillips says. "Charles Darwin 
once remarked that numeracy gives one a 'sixth sense.' The Human 
Impacts Database is a first step toward providing a coherent invitation to 
that sixth sense in the context of the great human experiment."

The project was funded in part by the Resnick Sustainability Institute at 
Caltech. "Projects like the Human Impacts Database are a unique 
resource that can help experts and the general public alike to put into 
clearer perspective the various ways people are affecting the planet," 
says Neil Fromer, Executive Director of Programs at the RSI. 
"Supporting the development of this tool, alongside the other incredible 
research the Resnick Sustainability Institute supports on campus, is key 
to fulfilling our mission to educate and inform people about their impact 
on the world, as well as provide solutions to the problems these impacts 
are causing."

Source: California Institute of Technology news release. Author: Lori 
Dajose
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Map of ant biodiversity reveals areas 
that may hide undiscovered species

They are hunters, farmers, harvesters, gliders, herders, weavers 
and carpenters. They are ants, and they are a big part of our 
world, comprising more than 14,000 species and a large fraction 

of animal biomass in most terrestrial ecosystems.

Like other invertebrates, ants play vital roles in the functioning of 
ecosystems, from aerating soils and dispersing seeds and nutrients to 
scavenging and preying on other species.

Yet a global view of their diversity has been lacking.

But an international team of researchers led by the Okinawa Institute of 
Science and Technology and including a University of Michigan 
ecologist has developed a high-resolution map that combines existing 
knowledge with machine learning to estimate and visualize the global 
diversity of ants.

The team's findings were published online Aug. 3 in Science Advances. 

“This study helps to add ants, and terrestrial invertebrates in general, to 
the discussion on biodiversity conservation,” said Evan Economo of the 
Biodiversity and Biocomplexity Unit at Okinawa Institute of Science 
and Technology. “We need to know the locations of high diversity 
centers of invertebrates so that we know the areas that can be the focus of 
future research and environmental protection.” 

The resource will also serve to answer many biological and evolutionary 
questions, such as how life diversified and how patterns in diversity 
arose, said Economo, who was a Michigan Fellow at U-M from 2009 to 
2012. 

“The earliest naturalists recognized broad-scale patterns of biodiversity, 
but mostly for the vertebrates and plants,” said U-M ecologist and study 
co-author Nate Sanders. “This impressive collaboration provides the 
first high-resolution biodiversity map of where ecology's movers and 
shakers—the ants—are.”

The decade-long project began when study co-first author and former 
OIST postdoctoral researcher Benoit Guénard (now at the University of 
Hong Kong), worked with Economo to create a database from online 
repositories, museum collections and around 10,000 scientific 
publications on where different ant species are located.

Researchers around the world contributed and helped identify errors. 
More than 14,000 species were considered, and they varied dramatically 
in the amount of data available.

The vast majority of these records, while containing a description of the 
sampled location, did not have the precise coordinates needed for 
mapping. To address this, co-author Kenneth Dudley of OIST's 
Environmental Informatics Section built a computational workflow to 
estimate the coordinates from the available data, which also checked all 
the data for errors.

Along with Dudley and OIST research technician Fumika Azuma, 
OIST postdoctoral researcher and co-first author Jamie Kass made 
different range estimates for each species of ant depending on how much 
data was available. The researchers brought these estimates together to 
form a global map, divided into a grid of 20-by-20-kilometer squares, 
that showed an estimate of the number of ant species per square (called 

the species richness). 

The species richness centers identified by the researchers include 
locations in Mesoamerica, the Caribbean, the tropical Andes, South 
America's Guiana Shield, the Atlantic Forest in Brazil, the 
Mediterranean, several regions in Africa, Madagascar, the Himalayas 
and northeast India, the Western Ghat Mountains in India, Sri Lanka, 
Southeast Asia, Melanesia and coastal Australia. 

In the United States, ant species richness centers are located in Florida, 
southern California and southeastern Arizona.

The researchers also created a map that shows the number of ant species 
with very small ranges per square (called the species rarity). In general, 
species with small ranges are particularly vulnerable to environmental 
changes.

However, there was another problem to overcome—sampling bias.

The researchers used machine learning to predict what would happen if 
they sampled all areas around the world equally, and in doing so, 

identified areas where they estimate many unknown, unsampled species 
exist.

“This gives us a kind of 'treasure map,' which can guide us to where we 
should explore next and look for new species with restricted ranges,” 
Economo said. U-M's Sanders said the southern tropical Andes is 
“probably the spot where most new ant biodiversity will be discovered. 
But the Western Ghats in India, much of Southeast Asia, and parts of 
New Guinea will also likely harbor new and undiscovered ant 
biodiversity.”

The Atlantic Forest in Brazil, Thailand, Vietnam, many islands in the 
Philippines and Indonesia, the Solomon Islands and Vanuatu are also 
promising locations, he said.

When the researchers compared the rarity and richness of ant 
distributions to the comparatively well-studied amphibians, birds, 

An ant (species: Ectatomma tuberculatum) photographed in Costa Rica. 
Ants make up a large fraction of the total animal biomass in most 
terrestrial ecosystems, but researchers say that an understanding of their 
global diversity is lacking. This new study provides a high-resolution 
map that estimates and visualizes the global diversity of ants. Photo 
credit: Dr. Benoit Guénard
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Birds and dinosaurs-joined at the hip

All baby birds have a moment prior to hatching when their hip 
bone is a tiny replica of a dinosaur's pelvis.

That's one of the findings in a new, Yale-led study in the journal Nature 
that explores the evolutionary underpinnings of the avian hip bone. It is 
also a modern-day nod to the dramatic transformation that led from 
dinosaurs to birds over tens of millions of years.

“Every single bird, in its early life, possesses this dinosaurian form,” 
said Bhart-Anjan S. Bhullar, assistant professor of Earth & planetary 
science at Yale and senior and corresponding author of the new study. 
“Then, at the last minute, it's like it remembers it's a bird and needs a 
bird's pelvis.”

Over the past decade, Bhullar and his collaborators have conducted 
ground-breaking research on key evolutionary transitions between 
dinosaur, reptile, and avian species — including the development of the 
dinosaurian inner ear, the bird beak, the mammalian rolling jaw, and 
eyesight in vertebrates.

Bhullar's lab is particularly known for its innovative use of computed 

tomographic (CT) scanning and microscopy to create 3D images of 
animal embryos.

Christopher Griffin, a postdoctoral associate in Bhullar's lab, is lead 
author of the study. He and Bhullar, with their colleagues, looked at 
pelvic development in alligators, domestic chickens, Japanese quail, 
Chilean tinamou, and parakeets, and compared their developmental 
stages with those of dinosaurs, including the feathered species 
Archaeopteryx.

For the study, the team labeled embryonic hip bones with antibodies to 
look for proteins that are expressed in developing cartilage, connective 
tissue, skeletal muscles, and nerves. The researchers created 3D images 
for the hip bones, muscles, and nerves with confocal microscopes and 
CT scanning.

They found that the bird pelvis is an example of “terminal addition,” a 
biological mechanism in which ancestral features appear in an animal 
until late in its development. This was a surprise, Griffin noted, because 
many important features in the dinosaur-to-bird transition, such as the 
bird's beak, are seen early in a bird's embryonic development.

“It was unexpected to find these initial stages of bird development look 
so much like the hips of an early dinosaur,” Griffin said. “During just two 
days, the developing embryo changes in a way that reflects how they 
changed in evolution, transitioning from looking like an early dinosaur 
to looking like a modern bird.”

The hip bone is the core of a bird's body. It runs the length of the avian 
frame, engulfing the torso, while also enabling a bird to stand, move, and 
carry the weight of its entire body.

“The bird body is incredibly modified in virtually every way to create an 
optimized flying machine,” Bhullar explained. “Its body structures are 
tightly constrained by the necessities of aeronautic design.”

The new study also looked at avian muscles and nerves related to the 
development of the hip. The researchers said development of those 
systems were not synchronous with bone development — implying that 
each system was somewhat “uncoupled” from the others.

All baby birds have a moment prior to hatching when their hip bone is a tiny replica of a 
dinosaur's pelvis.

mammals and reptiles, they found that ants were about as different from 
these vertebrate groups as the vertebrate groups were from each other, 
which was unexpected given that ants are evolutionarily highly distant 
from vertebrates.

“This means that focused conservation efforts aimed at protecting a 
diversity of rare vertebrates might also protect the diversity of rare 
ant—and other insect—species,” said Sanders, a professor in the U-M 
Department of Ecology and Evolutionary Biology and director of U-M's 
E.S. George Reserve.

The researchers looked at how well-protected these areas of high ant 
diversity are. They found that only a small percentage had some sort of 
legal protection, such as a national park or reserve.

Source: University of Michigan news release. Author: Lucy Dickie

Embryonic quail hindquarters imaged using laser scanning confocal microscopy. The skeleton is in green, nerves are in blue, and muscles are in 
red. The pelvis of this quail embryo has just transformed into a relatively “modern” bird configuration. (Credit: Christopher T. Griffin and 
Bhart-Anjan S. Bhullar)

Map of ant biodiversity continued from previous page
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Study challenges old views on  
mammalian reproduction

This diversity can be deceiving, at least when it comes to how 
mammals create the next generation. Based on how they 
reproduce, nearly all mammals alive today fall into one of two 

categories: placental mammals and marsupials. Placentals, including 
humans, whales and rodents, have long gestation periods. They give 
birth to well-developed young—with all major organs and structures in 
place—and have relatively short lactation periods during which young 
are nursed on milk from their mothers.

Marsupials, like kangaroos and opossums, are the opposite: They have 
short gestation periods—giving birth to young that are little more than 
fetuses—and long lactation periods during which offspring spend 
weeks or months nursing and growing within the mother's pouch, or 
marsupium.

For decades, biologists saw the marsupial way of reproduction as the 
more “primitive” state and assumed that placentals had evolved their 
more “advanced” method after these two groups diverged from one 
another. But new research is testing that view.

In a study published online July 18 in The American Naturalist, a team 
led by researchers at the University of Washington and its Burke 
Museum of Natural History and Culture present evidence that another 
group of mammals—the extinct multituberculates—likely reproduced 
in a placental-like manner. Since multituberculates split off from the rest 
of the mammalian lineage before placentals and marsupials evolved, 
these findings question the view that marsupials were “less advanced” 
than their placental cousins.

“This study challenges the prevalent idea that the placental reproductive 
strategy is 'advanced' relative to a more 'primitive' marsupial strategy,” 
said lead author Lucas Weaver, a postdoctoral researcher at the 
University of Michigan who conducted this study as a University of 
Washington doctoral student.

“Our findings suggest that placental-like reproduction either is the 
ancestral reproductive route for all mammals that give birth to live 
young, or that placental-like reproduction evolved independently in 
both multituberculates and placentals.”

Multituberculates arose about 170 million years ago in the Jurassic. 
Most were small-bodied creatures, resembling rodents. For much of 
their history, multituberculates were the most abundant and diverse 
group of mammals. But scientists know very little about their life 
history, including how they reproduced, because of their generally poor 
fossil record. The last multituberculates died out about 35 million years 
ago.

Weaver reasoned that the microscopic structure of fossilized bone 
tissues can house useful life-history information about multitu-
berculates, such as their growth rate.

Working under co-author Gregory Wilson Mantilla, a University of 
Washington professor of biology and curator of vertebrate paleontology 
at the Burke Museum, Weaver and his colleagues obtained cross 
sections of 18 fossilized femurs—the thigh bone—from multitu-
berculates that lived approximately 66 million years ago in Montana.

All 18 samples showed the same structural organization: a layer of 

disorganized bone “sandwiched” between an inner and outer layer of 
organized bone. Disorganized bone, or woven bone, indicates rapid 
growth and is so named because, under a microscope, the layers of bone 
tissue are laid out in a crisscrossed fashion. In organized bone, which 
reflects slower growth, layers are parallel to one another.

The researchers then examined femoral cross sections taken from 35 
small-bodied mammalian species that are living today—28 placentals 
and seven marsupials, all from Burke Museum collections. 

Nearly all of the placental femurs showed the same “sandwich” 
organization as the multituberculates. But all of the marsupial femurs 
consisted almost entirely of organized bone, with only a sliver of 
disorganized bone. The team believes that this stark difference likely 
reflects their divergent life histories.

“The amount of organized bone in the outermost layer, or cortex, of the 
femur strongly correlates with the length of the lactation period,” 
Weaver said. “Marsupials have long lactation periods and a lot of 
organized bone in the outermost cortex. The opposite is true for 
placentals: a short lactation period and much less organized bone in the 
outermost cortex.”

The outermost layer of organized bone was laid down after birth as the 
femur's diameter increased. For tiny marsupial newborns, bones must 
grow much more to reach adult size, so they deposit a greater amount of 
outer organized bone compared to placentals, according to Weaver.

“This is compelling evidence that multituberculates had a long gestation 
and a short lactation period similar to placental mammals, but very 
different from marsupials,” he said.

Based on this correlation, the researchers estimate that multituberculates 
had a lactation period of approximately 30 days—similar to today's 
rodents.

An artistic rendering of multituberculates from the genus Mesodma—a 
mother with her litter of offspring—who lived in western North 
America 60 to 70 million years. Fossil evidence indicates that these 
creatures were the most abundant mammals in western North 
American just before and directly after the mass extinction event 66 
million years ago that killed off the dinosaurs. Image credit:  Andrey 
Atuchin
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Study reveals how the ovarian reserve is 
established

Fertility is finite for mammalian females. From birth, females 
possess a limited number of primordial follicles, collectively 
called the ovarian reserve. Within each follicle is an oocyte that 

eventually becomes an egg. But with age, the follicles in the ovarian 
reserve decrease.

“Despite its fundamental importance, our understanding how the 
ovarian reserve is established and maintained remains poor,” said 
Professor Satoshi Namekawa, Department of Microbiology and 
Molecular Genetics at the University of California, Davis.

Researchers define the epigenetic machinery that governs the 
establishment and function of the mammalian ovarian reserve, 
providing molecular insights into female reproductive health and 
lifespan, in a new study published Aug. 10 in Nature Communications. 
Epigenetics refers to changes that influence how genes work without 
altering DNA itself. Lead scientists on the paper include Namekawa, 
project scientist Mengwen Hu and UC Davis Professors Richard 
Schultz and Neil Hunter.

“In human females over the age of 35, you see a decline in fertility,” said 
Namekawa. “Our study may give us the foundation to understand how 
female fertility is established and maintained at the molecular level and 
why it declines with age.”

Pausing primordial production

When the ovarian reserve is established, all the oocytes in primordial 
follicles pause their development and can remain in such an arrested 
state for decades.

“Fertility is supported by these arrested oocytes,” said Namekawa, 
noting that some hitherto unknown molecular machinery pauses 
development. “The main question is how can these cells be maintained 
for decades? It's a big question. They cannot divide, they cannot 
proliferate, they just stay quiescent in the ovaries for decades. How is 

this possible?”

Using mouse mutants, the team found that the pausing of this oocyte 
transition phase was mediated by a group of proteins called the 
Polycomb Repressive Complex 1 (PRC1).

A molecular understanding of fertility

PRC1 suppresses the development process, called meiosis, that occurs 
prior to establishing the ovarian reserve, thereby ensuring a proper gene 
expression program in the ovarian reserve. When the team created 
mouse mutants with depleted PRC1 machinery, they found that the 
ovarian reserve could not be established, and the cells underwent cell 
death.

“We show that a conditional PRC1 deletion results in rapid depletion of 
follicles and sterility,” said Namekawa. “These results strongly 
implicate PRC1 in the critical process of maintaining the epigenome of 
primordial follicles throughout the protracted arrest that can last up to 50 
years in humans.”

According to Namekawa and his colleagues, deficiencies in PRC1 
functionality may help explain cases of premature ovarian failure and 
infertility in humans.

“Now that we found that this epigenetic process is key for establishment, 
the next question is can we uncover a more detailed mechanism of this 
process?” Namekawa said. “How can the ovarian reserve be maintained 
for decades?”  

Namekawa and colleagues plan to investigate this question next, 
attempting to further elucidate the mechanistic events that govern the 
PRC1 machinery. By learning more about this process, they hope to 
remedy potential fertility issues that arise with age.

Source: University of California Davis news release. Author:  Greg 

These findings cast further doubt on an old view that marsupials have a 
“more primitive” and placentals “more advanced” reproductive 
strategy. The common ancestor of multituberculates, placentals and 
marsupials may have had a placental-like mode of reproduction that was 
retained by placentals and multituberculates. Alternatively, multitu-
berculates and placentals could have evolved their long-gestation and 
short-lactation reproductive methods independently.

Future studies of multituberculate life history may clarify which 
explanation is true, as well as other outstanding questions of this, and 
other, ancient branches of our mammalian family tree.

“The real revelation here is that we can cut open fossil bones and 
examine their microscopic structures to reconstruct the intimate life 
history details of long-extinct mammals,” Wilson Mantilla said. “That's 
really incredible to me.”

Source: University of Washington news release. Author: James Urton

Study challenges.. continued from previous page

Female mammals have a limited number of follicles that came form 
eggs, called the ovarian reserve. New work at UC Davis shows that the 
PRC1 gene complex is responsible for establishing the ovarian reserve 
and plays a role in fertility. (Mengwen Hu, UC Davis)
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Bioengineering

Engineering the microbiome to potentially cure disease

Numerous diseases are associated with 
imbalance or dysfunction in gut microbiome. 
Even in diseases that don't involve the micro-
biome, gut microflora provide an important 
point of access that allows modification of 
many physiological systems. Modifying to 
remedy, perhaps even cure these conditions, 
has generated substantial interest, leading to 
the development of live bacterial therapeutics 
(LBTs). One idea behind LBTs is to engineer 
bacterial hosts, or chassis, to produce thera-
peutics able to repair or restore healthy 
microbial function and diversity. Existing 
efforts have primarily focused on using pro-
biotic bacterial strains from the Bacteroides or 
Lactobacillus families or Escherichia coli that 
have been used for decades in the lab. 
However, these efforts have largely fallen 
short because engineered bacteria introduced 
into the gut generally do not survive what is 
fundamentally a hostile environment.

The inability to engraft or even survive in the 
gut requires frequent re-administration of 
these bacterial strains and often produces 
inconsistent effects or no effect at all. The 
phenomenon is perhaps most apparent in 

individuals who take probiotics, where these 
beneficial bacteria are unable to compete with 
the individual's native microorganisms and 
largely disappear quickly.

“The lack of engraftment severely limits the 
use of LBTs for chronic conditions for 
curative effect or to study specific functions in 
the gut microbiome,” said Amir Zarrinpar, 
assistant professor of medicine at UC San 
Diego School of Medicine and a gastroent-
erologist at UC San Diego Health. “Published 
human trials using engineered LBTs have 
demonstrated safety, but still need to 
demonstrate reversal of disease. We believe 
this may be due to problems with colo-

nization.”

In a proof-of-concept study, published in the 
journal Cell, Zarrinpar and colleagues at 
University of California San Diego School of 
Medicine report overcoming that hurdle by 
employing native bacteria in mice as the 
chassis for delivering transgenes capable of 
inducing persistent and potentially even 
curative therapeutic changes in the gut and 
reversing disease pathologies. Using this 
method, the group found they can provide 
long-term therapy in a mouse model of type 2 
diabetes. “In theory, native bacteria are already 
maximally adapted to the luminal enviro-
nment,” Zarrinpar said. “Thereby bypassing 
nearly all the barriers to engra-ftment and 
making them an ideal chassis for therapeutic 
delivery.” In the study, the research team 
showed that they can take a strain of E. coli 
native to the host and engineer it to express 
transgenes that affect its physiology, such as 
blood glucose levels. The modified native 
bacteria were then reintroduced into the 
mouse's gut.

Source: University of California San Diego 
news release. 

Biology

Tiny marine animal provides new evidence of long-theorized genetic 
mechanism

Some copepods, diminutive crustaceans with 
an outsized place in the aquatic food web, can 
evolve fast enough to survive in the face of 
rapid climate change, according to new 
research that addresses a longstanding 
question in the field of genetics. “Eurytemora 
affinis is a dominant coastal species, serving 
as very abundant and highly nutritious fish 
food,” says Carol Eunmi Lee, senior author of 
a new study on the copepods published in the 
journal Nature Communications. “But they're 
vulnerable to climate change.” “Salinity is a 
very strong environmental pressure in aquatic 
habitats,” says David Stern, lead author of the 
study. The research team studied how some 
copepods responded to that pressure. They 
kept a population of Eurytemora affinis from 
the Baltic Sea in their lab — the small 
crustaceans swimming in water just as salty as 
their home range and reproducing through 
several generations.

The researchers then split the copepods into 14 
groups of a few thousand each. Four control 

groups lived out the experiment in the 
environment like the Baltic. The other 10 
groups were exposed to declining salt levels, 
mimicking the sort of pressure caused by 
climate change. Each had their water reduced 
to lower salinity at each new generation 
(about three weeks for this copepod) for a total 
of ten generations. The researchers next 
sequenced the genomes of each line of 
copepods at the beginning of their experiment 

and again after six generations and 10 
generations, tracking evolutionary changes 
across their genomes. The strongest signals of 
natural selection — where changes were 
largest and most common across the groups 
stressed by falling salinity — were at parts of 
the genome believed to be important in 
regulating ions, such as sodium transporters. 
At the end of the experiment, the researchers 
found that copepods with certain genetic 
combinations of the ion transporter were, 
repeatedly, more likely to survive through 
successive generations, even as the salinity of 
their water decreased. In fact, the same gene 
variants, or alleles, found in the copepods that 
survived the salinity decline in the laboratory 
are also common in the fresher regions of the 
Baltic Sea. The evolution experiment is new 
evidence of a genetic mechanism called 
positive epistasis, in which the positive effect 
of a variant of a gene is amplified when 
working in combination with other key genes. 

Source: Wisconsin–Madison news release

Biology, Medical Science and Engineering
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Biology

Root-farming gophers might be our closest agricultural relatives

Although you'll probably never see them, you 

can spot them by the tell-tale mounds of sandy 

soil dotting a field: pocket gophers. Beneath 

your feet, the gophers continuously create and 

remold a labyrinth of winding tunnels 

hundreds of feet long. And, perhaps, tend the 

world's most recently discovered farms. Root 

farms, that is. A University of Florida biology 

professor and undergraduate student have 

discovered that southeastern pocket gophers 

tend to fields of subterranean roots they 

harvest for food. The discovery makes the 

rodents the only mammal — other than 

humans — known to farm for a living. 

“They're providing this perfect environment 

for roots to grow and fertilizing them with 

their waste,” said Veronica Selden, who 

recently graduated from Florida with a degree 

in zoology and is the first author of the new 

paper. The gophers' daily harvest of their root 

crops accounts for an average of 20% and as 

much as 60% of their energy needs, which 

helps make up for the intense energy cost of 

burrowing in dense soil. Selden and UF 

Professor Jack Putz published their findings in 

the journal Current Biology, where they argue 

that the root cropping behavior of the gophers 

constitutes a kind of rudimentary farming. 

Enigmatic creatures, pocket gophers spend 

nearly their entire lives below ground in 

sprawling tunnels up to 500 feet long. 

Although often thought of as pests, they eat 

only roots and rarely damage crops. “They 

live entirely alone in a tunnel system that's 100 

meters long. Dark and wet like a sewer pipe,” 

Putz said. “The roots grow in like stalactites 

and stalagmites. They cover the walls of their 

tunnel.” They discovered that digging a tunnel 

costs far too much energy to be made up by the 

roots gophers eat while excavating. But, by 

harvesting the roots that grow into already-dug 

tunnels over time, the gophers can gain enough 

energy to keep digging tunnels in search of 

more food. Although no other mammals are 

known to farm, other animals definitely do. 

Fungus-farming ants are perhaps the most 

famous. They sow and tend to fields of fungus 

and protect them from disease with antibiotics 

— much like how human farmers wield 

herbicides against weeds. Unlike these ants, 

pocket gophers neither sow nor weed their 

crops. Indeed, while the gophers clearly 

harvest their crops of roots to survive, and take 

steps to defend and promote their crops, the 

new study reveals that the definition of 

“farming” is far from clear.

Source: University of Florida news release

Ecological Science

Scientists peel back the layers of virus-host evolution and innovation

Culminating 10 years of research, a study by 

University of California San Diego scientists 

has uncovered an intriguing new under-

standing of how viruses and the hosts they 

infect evolve new innovations to outcompete 

each other. Animesh Gupta, formerly in the 

UC San Diego Department of Physics (now at 

Generate Biomedicines Inc.), School of 

Biological Sciences Associate Professor 

Justin Meyer and their colleagues developed 

new technologies and conducted a series of 

experiments to reveal the changes viruses and 

hosts undergo in their ongoing survival 

competition. The researchers provide new 

evidence of the role this coevolution plays in 

driving new adaptations. As described in the 

journal eLife, the researchers found that 

coevolution propels changes in the organism's 

overall fitness.  “There's a dance back and 

forth for adaptation and resistance. First the 

virus mutates and increases the pressure on the 

bacteria, then the bacteria responds by 

evolving resistance, and the virus innovates to 

overcome the resistance,” said Meyer. 

“Viruses being able to innovate in an 

evolutionary genetic sense happens much 

more repeatedly and quickly than we expected 

due to this continuous evolutionary arms 

race.” Meyer tapped into new high-throu-

ghput gene editing-phenotyping technology, 

which enabled him and his colleagues to 

meticulously measure the fitness landscapes 

of hundreds of viruses (bacteriophages) and 

their coevolution with their hosts (the 

bacterium Escherichia coli or E. coli).

The resulting new technology allowed the 

scientists to track back-and-forth interactions 

mutation-by-mutation. The results offered 

fresh perspectives on changes to the contours 

of the bacteriophage virus' fitness landscape. 

The results revealed that nearly every viral 

genotype's fitness depended on which host it 

infected, making the metaphor of a static 

“landscape” to describe evolutionary fitness 

passé. Instead, the researchers began using the 

term fitness “seascape”—reflecting the 

constant waves of dynamic changes—as a 

much more accurate descriptor. “This study 

provides direct evidence for the role of 

coevolution in driving evolutionary novelty 

and provides a quantitative framework for 

predicting evolution in coevolving ecological 

communities,” the authors write in their study. 

“Our studies show that the fitness of a parasite 

depends on the complex genetic interactions 

within its own genome and with the genomes 

of interacting hosts. These interdependencies 

result in highly contingent evolution…”

Source: University of California San Diego 

news release
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Evolutionary Science

Paper wasps have an impressive capacity to learn, remember and make 
social distinctions about others

In a series of studies over more than 20 years, 
University of Michigan evolutionary biologist 
Elizabeth Tibbetts and her colleagues have 
demonstrated that paper wasps, despite their 
tiny brains, have an impressive capacity to 
learn, remember and make social distinctions 
about others. The researchers showed that 
paper wasps recognize individuals of their 
species by variations in their facial markings 
and that they behave more aggressively 
toward wasps with unfamiliar markings. They 
established that paper wasps have surprisingly 
long memories and base their actions on what 
they remember of previous social interactions 
with other wasps. And they provided the first 
evidence of transitive inference—a behavior 
that resembles logical reasoning—in a 
nonvertebrate animal, the lowly paper wasp. 
Tibbetts and her students are reporting the first 
evidence that paper wasps can form abstract 
concepts. Strikingly, the wasps were also able 
to transfer what they learned through visual 
training into a different sensory modality: the 
sense of smell.

The study used laboratory tasks to test 

whether paper wasps (Polistes fuscatus) could 
learn and apply one of the most basic abstract 
concepts: the idea of sameness and difference. 
The wasps were trained to distinguish 
between pairs of visual or olfactory stimuli 
that were either identical or different. One pair 
of stimuli was associated with a mild but 
unpleasant electrical shock, the other was not. 
Then the stinging insects were exposed to 
novel pairs of stimuli (either identical or 
different) and tested on their ability to avoid an 
electric shock by selecting the “correct” 
pair—the one associated with safety. The 
previously trained wasps made the correct 

choice more than 80% of the time, according to 
the researchers. The team's findings were 
published online July 20 in the journal 
Proceedings of the Royal Society B.

“Our findings show the wasps learned the 
general concept of sameness and difference 
and applied it to new samples and new types of 
stimuli,” said Tibbetts, a professor in the U-M 
Department of Ecology and Evolutionary 
Biology. The laboratory tests showed that 
wasps trained with visual stimuli were able to 
apply the concept of sameness and difference 
to olfactory stimuli. “Remarkably, wasps 
applied the concept of sameness and 
difference across sensory modalities, as they 
transferred concepts learned in the visual 
domain to the odor domain,” Weise said. 
“Therefore, our results illustrate that Polistes 
are able to master abstract interrelationships 
between stimuli.” “We trained and tested 
wasps using wasp face images, colors and 
odors,” she said. “All three types of stimuli are 
important in wild wasp behavior.”

Source: University of Michigan news release

Environmental Science

Study strengthens evidence of link between air pollution and child brain 
development

Air pollution is not just a problem for lungs. 
Increasingly, research suggests air pollution 
can influence childhood behavioral problems 
and even IQ. A new study led by the 
University of Washington has added evidence 
showing that both prenatal and postnatal 
exposure to air pollution can harm kids. The 
study, published in Environmental Health 
Perspectives, found that children whose 
mothers experienced higher nitrogen dioxide 
(NO ) exposure during pregnancy, parti-2

cularly in the first and second trimester, were 
more likely to have behavioral problems. 
Researchers also reported that higher 
exposures to small-particle air pollution 
(PM ) when children were 2 to 4 years old 2.5

was associated with poorer child behavioral 
functioning and cognitive performance. 
“Even in cities like Seattle or San Francisco, 
which have a lot of traffic but where the 
pollution levels are still relatively low, we 
found that children with higher prenatal NO  2

exposure had more behavioral problems, 
especially with NO exposure in the first and 2 

second trimester,” said Yu Ni, lead author.

The study involved data gathered from 1,967 
mothers recruited during pregnancy from six 
cities: Memphis, Tennessee; Minneapolis; 
Rochester, N.Y.; San Francisco; and two in 
Washington, Seattle and Yakima. Originally, 
these participants were enrolled as part of 
three separate studies: CANDLE, GAPPS 
and TIDES. The three studies have been 
combined under a major NIH initiative called 
ECHO, which brings together multiple 
pregnancy cohorts to address key child health 
concerns. These three combined cohorts are 
known as the ECHO PATHWAYS conso-

rtium.

Exposure to NO  and PM  pollution in early 2 2.5

life is important to understand, Ni said, 
because “there are known biological 
mechanisms that can link a mother's inhalation 
of these pollutants to effects on placenta and 
fetal brain development.” “This study 
reinforces the unique vulnerability of children 
to air pollution — both in fetal life where major 
organ development and function occurs as well 
as into childhood when those processes 
continue. These early life perturbations can 
have lasting impacts on lifelong brain function. 
This study underscores the importance of air 
pollution as a preventable risk factor for 
healthy child neurodevelopment,” said senior 
author Dr. Catherine Karr. More specifically, 
the researchers found that exposure to PM  2.5

pollution was generally associated with more 
behavioral problems in girls than in boys, and 
that the adverse effect of PM  exposure in the 2.5

second trimester on IQ was stronger in boys.

Source: University of Washington news release
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Medical Science

The loss of the male sex chromosome leads to deadly heart failure in men
The loss of the male sex chromosome as many 
men age causes the heart muscle to scar and 
can lead to deadly heart failure, new research 
from the University of Virginia School of 
Medicine shows. UVA researcher Kenneth 
Walsh says the new discovery suggests that 
men who suffer Y chromosome loss – 
estimated to include 40% of 70-year-olds – 
may particularly benefit from an existing drug 
that targets dangerous tissue scarring. The 
drug, he suspects, may help counteract the 
harmful effects of the chromosome loss – 
effects that may manifest not just in the heart, 
but in other parts of the body as well. The 
researchers have published their findings in 
the journal Science. On average, women live 
five years longer than men in the United 
States. The new finding, Walsh estimates, may 
explain nearly four years of the five-year 
difference. While women have two X chro-
mosomes, men have an X and a Y. But many 
men begin to lose their Y chromosome in a 
fraction of their cells as they age. This appears 
to be particularly true for smokers. The loss 
occurs predominantly in cells that undergo 

rapid turnover, such as blood cells. Scientists 
previously observed that men who suffer Y 
chromosome loss are more likely to die at a 
younger age and suffer age-associated 
maladies such as Alzheimer's disease. Walsh's 
new research, however, is believed to be the 
first hard evidence that the chromosome loss 
directly causes harmful effects on men's 
health.

Walsh, of UVA's Division of Cardiovascular 
Medicine and Robert M. Berne Cardio-

vascular Research Center, and his team used 
cutting-edge CRISPR gene-editing techn-
ology to develop a special mouse model to 
better understand the effects of Y chromosome 
loss in the blood. They found that the loss 
accelerated age-related diseases, made the 
mice more prone to heart scarring and led to 
earlier death. This wasn't the result of just 
inflammation, the scientists determined. 
Instead, the mice suffered a complex series of 
responses in the immune system, leading to a 
process called fibrosis throughout the body. 
This tug-of-war within the immune system, 
the researchers believe, may accelerate disease 
development. The findings suggest that 
targeting the effects of Y chromosome loss 
could help men live longer, healthier lives. 
“Studies that examine Y chromosome loss and 
other acquired mutations have great promise 
for the development of personalized 
medicines that are tailored to these specific 
mutations,” Walsh said.

Source: University of Virginia news release

Medical Science

A novel bandage for better healing of wounds

In a recent study, Prof. Prakriti Tayalia and her 
team from the Indian Institute of Technology 
Bombay have developed an affordable bilay-
ered bandage with antibacterial, anti-oxidant 
and anti-inflammatory properties. The top 
layer consists of polycaprolactone (a biode-
gradable polyester) and chitosan (a sugar 
found in the outer skeleton of shellfishes). The 
bottom layer is made of polyvinyl alcohol (a 
water-soluble synthetic polymer) with 
curcumin (an anti-infla-mmatory compound 
found in plants of the turmeric family) 
nanoparticles and soluble eggshell membrane 
protein. Their research was published in the 
journal Nanomedicine: Nanotechnology, 
Biology, and Medicine, with the lead author 
being Dr. Mamatha M. Pillai, who is a 
Postdoctoral Fellow in the lab.

There are, currently, more than 3000 different 
wound healing dressings available in the 
market, each being appropriate for specific 
wound types. But, even with this plethora of 
choices, wounds such as venous ulcers, 
pressure ulcers, burn wounds, and diabetic 
wounds are challenging to treat. The 
impediment in the case of chronic and acute 

wounds is the poor antioxidant and anti-
inflammatory properties of the dressing 
leading to drying up of the wounded area and 
the requirement for frequent change of the 
dressings. Chronic wounds do not easily 
surpass the inflammatory stage of wound 
healing, during which the molecular 
operations focus on removing damaged cells 
and bacteria from the wound site. This leads 
chronic wounds to accumulate inflammatory 
molecules and free radicals at the wound site 
that prevent it from entering the next stage, 
which is the reconstruction phase. 

The dermal patch proposed by the IIT 
Bombay team meets all important criteria. It 
includes in the top layer polycaprolactone and 

chitosan. Polycaprolactone is commonly used 
in tissue engineering due to its water repelling, 
biocompatible and biodegradable properties 
and is approved by the Food and Drug 
Administration, United States (FDA). The 
polymer chitosan, also FDA approved, is 
antibacterial and biodegradable. The comb-
ination of these polymers serves as a moisture-
repellent layer for maintaining the fluid 
balance at the wound site and providing a 
microbial barrier for advanced wound healing.  
For the bottom layer, the team used polyvinyl 
alcohol, which serves as an aqua sponge 
embedded with wound healing agents, an 
absorbent for wound discharge, and a moist 
ambience for the wound. Curcumin was 
incorporated as a wound healing agent in the 
dermal patch. “This patch will undoubtedly be 
beneficial to people suffering from both 
chronic and acute wounds and we want to 
commercialize this product,” Prof. Tayalia 
signs off. 

Source: IIT Bombay news release
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Scientists identify key molecular protector of gut health
A protein called Zbtb46, expressed by 

specialized immune cells, has a major role in 

protecting the gastrointestinal tract from 

excessive inflammation, according to a study 

from researchers at Weill Cornell Medicine. 

The finding, which appears in the Journal 

Nature, is a significant advance in the under-

standing of how the gut maintains health and 

regulates inflammation, which could lead to 

better strategies for treating diseases such as 

inflammatory bowel disease (IBD). “We've 

known that there are related families of 

immune cells in the gut that can either protect 

from inflammation or at other times be major 

drivers of inflammation,” said senior author 

Gregory Sonnenberg. “This new finding helps 

us understand how these cells are regulated to 

optimally promote intestinal health and 

prevent inflammation.” Sonnenberg and his 

team, including first author Wenqing Zhou, 

set out to make a detailed catalog of ILC3s 

and other related immune cells residing in the 

large intestine of mice, using relatively new 

single-cell sequencing techniques. A surprise 

finding was that a subset of ILC3s express 

Zbtb46, an anti-inflammatory protein that 

prior studies had suggested is produced only 

in dendritic cells, a very different type of 

immune cell. The researchers showed in 

experiments with mice that ILC3s expressing 

Zbtb46 have a strong ability to restrain 

inflammation following gut infection. When 

they blocked Zbtb46 expression in ILC3s, gut 

infection led to signs of severe inflammation, 

including a rise in the numbers of other gut 

immune cells promoting inflammation. The 

experiments indicated that Zbtb46 expression 

normally increases in mouse ILC3s in 

response to inflammation. Zbtb46 also has 

genetic links to pediatric IBD. 

The group next examined ILC3s from the gut 

of children with IBD and found higher Zbtb46 

levels compared with ILC3s from healthy 

individuals – which is consistent with the idea 

that Zbtb46-expressing ILC3s have a role in 

people that is similar to their role in mice. 

Importantly, the expression level of Zbtb46 in 

ILC3s correlates with the severity of diseases 

in these children with IBD. Finally, the 

scientists found that Zbtb46-expressing ILC3s 

are also the main producers in the gut of a 

cytokine, IL-22, that protects against bacterial 

infection. Mice without the entire population 

of Zbtb46-expressing ILC3s are more 

susceptible to intestinal inflammation induced 

by gut infection. “On the whole, our findings 

suggest a critical function of ILC3-intrinsic 

Zbtb46 in restraining gut inflammation, and a 

nonredundant role for Zbtb46-expressing 

ILC3s in protecting the gut following enteric 

infection,” Zhou said.

Source: Cornell University news release

Medical Science

Maternal antibodies may protect babies from cytomegalovirus
Antibodies that summon virus-engulfing 

white blood cells may play an important role 

in protecting infants from potentially serious 

congenital infection with human cytom-

egalovirus (HCMV), according to a study led 

by an investigator at Weill Cornell Medicine 

and NewYork-Presbyterian. The study, which 

appeared in the Journal of Clinical Investi-

gation, was the most comp-rehensive analysis 

of its kind to date in HCMV research. The 

researchers examined antibodies in the blood 

of 81 mothers infected with HCMV, 

comparing the properties of the antibodies in 

mothers who had transmitted versus hadn't 

transmitted HCMV to their infants. A key 

finding was that women in the nontran-

smission group tended to show higher levels 

of the white blood cell-summoning mech-

anism, known as antibody-dependent cellular 

phagocytosis, against HCMV. “These 

findings certainly have implications for the 

types of immune responses HCMV vaccines 

should be targeting,” said senior author Dr. 

Sallie Permar. “Currently when a mom does 

have acute CMV infection, or is known to 

have an infected fetus, we have nothing to 

offer in terms of vaccines or immuno-

therapies,” Permar said.

For the study, she and her team made use of 

banked maternal and infant umbilical cord 

blood samples in the Carolinas Blood Bank at 

Duke University School of Medicine. Forty-

one of the HCMV-infected mothers had 

transmitted the virus to their newborns; the 

other 40 hadn't. One remarkable finding 

concerned “neutralizing antibodies.” These 

are antibodies that bind to vulnerable sites on 

the virus and thereby directly disrupt – 

neutralize – the virus's ability to infect cells, 

reproduce and spread in standard lab dish 

tests. Normally, vaccines against a virus aim 

to elicit neutralizing antibodies; prior, 

unsuccessful HCMV vaccines have done this 

too. But Permar and colleagues found that 

higher levels of HCMV-neutralizing antib-

odies in maternal blood were not associated 

with a lower risk of mother-child transmission. 

They did find evidence, though, that mothers 

who didn't pass on the virus had higher levels 

of antibody-dependent cellular phagocytosis. 

That sugg-ests that this indirect mode of 

antibody immunity, in which antibody proteins 

use their “tail” sections, called Fc regions, to 

summon virus-gobbling macro-phages and 

other white blood cells, is one that HCMV is 

not as adept at escaping. The results will 

certainly guide HCMV vaccine efforts with 

newfound speed in the wake of the SARS-

CoV-2 vaccine success. Permar and colleagues 

are currently applying these findings in work 

with the vaccine company Moderna, which is 

developing a candidate HCMV vaccine using 

the versatile mRNA platform.

Source: Cornell University news release
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Researchers discover new way to find cancer cells in blood

University of Maryland bioengineers have 
developed a new technique to capture and 
analyze circulating tumor cells, one of the 
primary culprits in metastatic cancer. Their 
approach and findings, presented in the 
journal ACS Nano, could one day lead to 
greater understanding of why and how certain 
cancers spread, opening the door to new 
personalized therapeutic options.

The vast majority of cancer deaths result from 
metastasis, when tumor cells break away from 
a primary tumor, and these circulating tumor 
cells (CTCs) enter the bloodstream and form a 
new tumor in a distant organ or tissue. “The 
biggest challenge for CTC research is the 
rarity of CTCs in the blood,” said Elyahb A. 
Kwizera, a Fischell Department of Bioen-
gineering (BIOE) researcher and co-lab 
manager of BIOE Professor Xiaoming 
(Shawn) He's Multiscale Biomaterials 
Engineering Laboratory. “Capturing this 
small number of cells from the bloodstream 
requires some sensitive technologies that can 
efficiently fish these cells from millions of 

other blood cells.” For years, scientists and 
clinicians have relied on a capture technique 
that zeroes in on a marker displayed by many 
tumor cells, including many breast cancer 
malignancies known as the epithelial cell 
adhesion molecule (EpCAM). CTCs may 
also go through an evolutionary process of 
sorts whereby they no longer express 
EpCAM or other epithelial markers. To add 
another layer of difficulty, researchers run 
into major roadblocks when they try to culture 
captured CTCs from laboratory samples after 
using this method.

The research team, including medical 
professionals from the University of 

Maryland School of Medicine in Baltimore, 
set out to develop a new technique to capture 
and scale up CTCs. The team's work focuses 
on a microfluidic chip they call VIZA, or 
“virtually implemented zones surface-coated 
with gold (noted by the chemical symbol Au).” 
To capture their CTCs, they work not only 
with EpCAM, but also with a second antibody, 
CD44, which is one of the most common 
cancer stem cell markers and a promising 
prognostic biomarker for many malignancies, 
including breast cancer. So far, the device has 
produced exciting results. He and Kwizera's 
team has successfully demonstrated that 
VIZA can be conveniently modified with 
EpCAM alone, CD44 alone, or a combination 
of them to capture a tiny number of CTCs from 
a blood sample. Even more, the group 
successfully cultured those CTCs in vitro for 
stage 4 breast cancer patients—a major 
milestone.

Source: University of Maryland news release

Medical Science
Nanobody has potential to treat Parkinson's disease

Researchers from the Johns Hopkins 
University School of Medicine have helped 
develop a nanobody capable of getting 
through the tough exterior of brain cells and 
untangling misshapen proteins that lead to 
Parkinson's disease, Lewy body dementia, 
and other neurocognitive disorders. The 
research, published in Nature Commu-
nications, was led by Xiaobo Mao, an 
associate professor of neurology at the 
School of Medicine, and included scientists 
at the University of Michigan, Ann Arbor. 
Their aim was to find a new type of treatment 
that could specifically target the misshapen 
proteins, called alpha-synuclein, which tend 
to clump together and gum up the inner 
workings of brain cells. Emerging evidence 
has shown that the alpha-synuclein clumps 
can spread from the gut or nose to the brain, 
driving the disease progression.

Nanobodies-miniature versions of antib-
odies, which are proteins in the blood that 
help the immune system find and attack 
foreign pathogens-are natural compounds in 
the blood of animals such as llamas and 
sharks and are being studied to treat 

autoimmune diseases and cancer in humans. 
In theory, antibodies have the potential to zero 
in on clumping alpha-synuclein proteins, but 
have a hard time getting through the outer 
covering of brain cells. To squeeze through 
these tough brain cell coatings, the resear-
chers decided to use nanobodies instead.

The researchers genetically engineered the 
nanobodies to help them keep stable within a 
brain cell. Tests showed that without the 
bonds, the nanobody remained stable and was 
still able to bind to misshapen alpha-
synuclein. The team made seven similar types 
of nanobodies, known as PFFNBs that could 
bind to alpha-synuclein clumps. Of the 

nanobodies they created, one-PFFNB2-did 
the best job of glomming onto alpha-synuclein 
clumps and not single molecules, or monomer 
of alpha-synuclein, which are not harmful and 
may have important functions in brain cells. 
Additional tests in mice showed that the 
PFFNB2 nanobody cannot prevent alpha-
synuclein from collec-ting into clumps, but it 
can disrupt and destabilize the structure of 
existing clumps. "Strikingly, we induced 
PFFNB2 expression in the cortex, and it 
prevented alpha-synuclein clumps from 
spreading to the mouse brain's cortex, the 
region responsible for cognition, movement, 
personality, and other high-order processes," 
says Ramhari Kumbhar, the co-first author. 
"The success of PFFNB2 in binding harmful 
alpha-synuclein clumps in increasingly 
complex environments indicates that the 
nanobody could be key to helping scientists 
study these diseases and eventually develop 
new treatments," Mao says.

Source: Johns Hopkins University news 
release
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Gut molecules may affect fattiness of the liver

Despite their enigma, sphingolipids are 

involved in almost all aspects of human 

biology. They are found in all mammals but 

produced by select species of bacteria – and 

some happen to be prominent members of the 

gut microbiome. Moreover, these micro-

biome-derived sphingolipids appear to 

ameliorate a problematic fatty liver, according 

to Cornell research published in the journal 

Cell Host and Microbes. “Bacterial sphing-

olipids seem to have a role in mammalian 

metabolism and may help to modulate 

metabolic disorders,” said senior author 

Elizabeth L. Johnson. In June, the Pew 

Charitable Trusts named Johnson a 2022 Pew 

Scholar in the Biomedical Sciences, which 

provides research funding to young invest-

igators who show promise in science relevant 

to the advancement of human health. She was 

selected from among 197 nominations 

submitted. Johnson will receive four years of 

funding for exploratory research.

Few metabolites – such as sphingolipids, with 

known bioactive properties – have been traced 

from specific microbes into host tissues. Here, 

the researchers labeled the sphingolipids to 

follow them into mouse colons and livers, 

where the scientists observed a protective 

effect on excess fat accumulation in the 

fattened liver – a condition known as hepatic 

steatosis, where triglycerides accumulate. The 

sphingolipid molecules improved respiration 

in response to the liver's fatty-acid overload, 

the paper said, suggesting that they could 

potentially contribute to improved, gut-

mediated liver function. “We focused on how 

the microbiome can produce molecules that 

directly interact with host tissue – such as the 

liver,” Johnson said. “As we figure out the 

process, we have a chance at controlling 

positive things that the microbiome is doing.”

Fatty liver disease – common in the U.S. – is a 

condition where excess fat builds in the human 

liver, according to the National Institute of 

Diabetes and Digestive and Kidney Diseases 

(NIDDK), of the National Institutes of Health. 

Obese people (about 75%) and severely obese 

(about 90%) tend to get it, and up to two-thirds 

of type-2 diabetics get fatty livers, according 

to the NIDDK. About 24% of U.S. adult 

population has the condition. “We were able to 

show that bacterial sphingolipids have a 

potentially wide range of function,” Johnson 

said, “and they move from the gut microbiome 

to hosts. Since gut bacteria are making this 

molecule, and this molecule has a function in 

us, then maybe this is a way the microbiome 

can influence human health.”

Source: Cornell University news release

Microbiology

Antibodies harvested from eggs might be used to treat COVID-19
Researchers at the University of California, 

Davis, have been able to produce antibodies to 

the SARS-CoV-2 spike protein in hen eggs. 

Antibodies harvested from eggs might be 

used to treat COVID-19 or as a preventative 

measure for people exposed to the disease. 

The work was published July 9 in the journal 

Viruses. “The beauty of the system is that you 

can produce a lot of antibodies in birds,” said 

Rodrigo Gallardo, professor in poultry 

medicine, Department of Population Health 

and Reproduction at the UC Davis School of 

Veterinary Medicine. “In addition to a low 

cost to produce these antibodies in hens, they 

can be updated very fast by using updated 

antigens to hyperimmunize hens, allowing 

protection against current variant strains.”    

Birds produce a type of antibody called IgY, 

comparable to IgG in humans and other 

mammals. IgY does not cause allergy or set 

off immune reactions when injected into 

humans. IgY appears both in birds' serum and 

in their eggs. As a hen lays about 300 eggs a 

year, you can get a lot of IgY, Gallardo said.

Gallardo and colleagues immunized hens 

with two doses of three different vaccines 

based on the SARS-CoV-2 spike protein or 

receptor binding domain. They measured 

antibodies in blood samples from the hens and 

in egg yolks three and six weeks after the last 

immunization. Purified antibodies were 

tested for their ability to block coronavirus 

from infecting human cells at the National 

Center for Biodefense and Infectious 

Diseases at George Mason University in 

Virginia. Both eggs and sera from immunized 

hens contained antibodies that recognized 

SARS-CoV-2. Antibodies from serum were 

more effective in neutralizing the virus, 

probably because there is more antibody in 

blood overall, Gallardo said. Gallardo is 

working with colleagues Daria Mochly-Rosen 

at Stanford University and Michael Wallach, 

University of Technology, Sydney, to develop 

the egg-based antibody technology. The team 

hopes to deploy these antibodies in a 

preventative treatment such as a spray that 

could be used by people at high risk of 

exposure to coronavirus. Additional authors on 

the paper are Emily Aston, UC Davis 

Department of Animal Science; Aarthi 

Narayanan, National Center for Biodefense 

and Infectious Diseases; and Sofia Egaña-

Labrin, UC Davis School of Veterinary 

Medicine.

Source: e University of California, Davis news 

release
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Bacteria can remove plastic pollution from lakes

It was found that enriching waters with 

particular species of bacteria could be a 

natural way to remove plastic pollution from 

the environment. The bacteria have the ability 

to break down the carbon compounds in 

plastic to use as food for their growth. The rate 

of bacterial growth more than doubled when 

plastic pollution raised the overall carbon 

level in lake water by just 4%. The results 

suggest that the plastic pollution in lakes is 

'priming' the bacteria for rapid growth – the 

bacteria are not only breaking down the plastic 

but are then more able to break down other 

natural carbon compounds in the lake. Lake 

bacteria were found to favour plastic-derived 

carbon compounds over natural ones. The 

researchers think this is because the carbon 

compounds from plastics are easier for the 

bacteria to break down and use as food. The 

findings are published in the journal Nature 

Communications. “It's almost like the plastic 

pollution is getting the bacteria's appetite 

going. The bacteria use the plastic as food 

first, because it's easy to break down, and then 

they're more able to break down some of the 

more difficult food – the natural organic 

matter in the lake,” said Dr Andrew, senior 

author of the paper. 

The new study also found that bacteria 

removed more plastic pollution in lakes that 

had fewer unique natural carbon compounds. 

This is because the bacteria in the lake water 

had fewer other food sources. The results will 

help to prioritise lakes where pollution control 

is most urgent. If a lake has a lot of plastic 

pollution, but low bacterial diversity and a lot 

of different natural organic compounds, then 

its ecosystem will be more vulnerable to 

damage. “Unfortunately, plastics will pollute 

our environment for decades. On the positive 

side, our study helps to identify microbes that 

could be harnessed to help break down plastic 

waste and better manage environmental 

pollution," said Professor David Aldridge who 

was involved in the study. The study involved 

sampling 29 lakes across Scandinavia between 

August and September 2019. To assess a range 

of conditions, these lakes differed in latitude, 

depth, area, average surface temperature and 

diversity of dissolved carbon-based mole-

cules. The study measured bacterial growth - 

by increase in mass, and the efficiency of 

bacterial growth - by the amount of carbon-

dioxide released in the process of growing. In 

the water with plastic-derived carbon 

compounds, the bacteria had doubled in mass 

very efficiently. Around 50% of this carbon 

was incorporated into the bacteria in 72 hours.

Source: University of Cambridge news release

Neuroscience

Viral role in Alzheimer's Disease discovered

Researchers from Oxford's Institute of 

Population Ageing, Tufts University and the 

University of Manchester have discovered 

that common viruses appear to play a role in 

some cases of Alzheimer's disease (AD). 

Professor Ruth Itzhaki has been researching 

the potential role of HSV-1 in AD for more 

than 30 years, beginning at the University of 

Manchester, where her team discovered HSV-

1 DNA is present in the human brain in a high 

proportion of older people - the first microbe 

to be detected definitively in normal human 

brains. The researchers later indicated that the 

virus, when in the brain, in combination with a 

specific genetic factor, confers a high risk of 

developing AD. Subsequent studies revealed 

major links between the effects of the virus 

and the characteristic features of AD, and 

showed also that treating laboratory-grown 

HSV1-infected cells with antivirals protected 

against AD. Further strong support for a major 

causal role for HSV-1 in AD was demon-

strated by Dana Cairns in David Kaplan's 

laboratory at the Tufts School of Engineering, 

using a 3D bioengineered human brain tissue 

model. This study showed HSV-1 infection of 

human-induced neural stem cells (hiNSCs) 

caused changes that resembled changes 

observed in AD patients' brains - amyloid 

plaque-like formations (PLFs), gliosis, 

n e u r o i n f l a m m a t i o n ,  a n d  d e c r e a s e d 

functionality. In the latest study, published in 

the Journal of Alzheimer's Disease, Professor 

Itzhaki expanded the study of viral roles in AD 

to include another type of herpes virus, 

varicella zoster virus (VZV), which causes 

chickenpox and shingles. They found VZV 

infection of lab-grown brain cells does not 

lead to the formation of Aβ and P-tau, the main 

components respectively of the characteristic 

AD plaques and neurofibrillary tangles in the 

brain. However, they did find VZV infection 

resulted in both gliosis and up-regulation of 

inflammatory cytokines. This makes it 

unlikely that VZV could be a direct cause of 

AD, but suggests instead it has an indirect 

effect by reactivating dormant HSV-1. They 

also found upon VZV infection of cells 

containing latent HSV-1, reactivation of 

HSV1 occurred and a dramatic increase in 

levels of Aβ and P-tau, suggesting severe VZV 

infection in humans, as in shingles, could 

reactivate latent HSV-1 in brain, which, in 

turn, could lead to formation of AD-like 

damage. The results should help to elucidate 

the pathways whereby infections increase the 

risk of AD/dementia and the ways this disease 

could be combatted by using appropriate 

antivirals for treatment, or just possibly, for 

prevention.

Source: University of Oxford news release.

Biology, Medical Science and Engineering



DISCOVERIES & INNOVATIONS

27 The Scitech Journal Volume 09 Issue 09 September 2022

Neuroscience

Iron buildup in brain linked to higher risk for movement disorders

A disorder called hereditary hemochr-
omatosis, caused by a gene mutation, results 
in the body absorbing too much iron, leading 
to tissue damage and conditions like liver 
disease, heart problems and diabetes.  In a 
new study published in JAMA Neurology, 
researchers at University of California San 
Diego, with colleagues at UC San Francisco, 
Johns Hopkins Bloomberg School of Public 
Health and Laureate Institute for Brain 
Research, report that individuals with two 
copies of the gene mutation (one inherited 
from each parent) show evidence of 
substantial iron buildup in regions of the brain 
responsible for movement. The findings 
suggest that the gene mutation principally 
responsible for hereditary hemochromatosis 
may be a risk factor for developing movement 
disorders, such as Parkinson's disease, which 
is caused by a loss of nerve cells that produce 
the chemical messenger dopamine. Addi-
tionally, the researchers found that males of 
European descent who carry two of the gene 
mutations were at greatest risk; females were 
not. “The sex-specific effect is consistent with 
other secondary disorders of hemochr-

omatosis,” said first author Robert Loughnan, 
PhD. “Males show a higher disease burden 
than females due to natural processes, such as 
menstruation and childbirth that expel from 
the body excess iron build-up in women.” The 
observational study involved conducting 
MRI scans of 836 participants, 165 of who 
were at high genetic risk for developing 
hereditary hemochromatosis, which affects 
approximately 1 in 300 non-Hispanic White 
people, according to the Centers for Disease 
Control and Prevention. The scans detected 
substantial iron deposits localized to motor 
circuits of the brain for these high risk 
individuals.

The researchers then analyzed data repre-
senting almost 500,000 individuals and found 
that males, but not females, with high genetic 
risk for hemochromatosis were at 1.80-fold 
increased risk for developing a movement 
disorder, with many of these persons not 
h a v i n g  a  c o n c u r r e n t  d i a g n o s i s  f o r 
hemochromatosis. "We hope our study can 
bring more awareness to hemochromatosis, as 
many high-risk individuals are not aware of 
the abnormal amounts of iron accumulating in 
their brains," said senior corresponding author 
Chun Chieh Fan. "Screening high-risk 
individuals for early detection may be helpful 
in determining when to intervene to avoid 
more severe consequences." Loughnan said 
the findings have immediate clinical import 
because there already exist safe and approved 
treatments to reduce excess iron resulting from 
the gene mutation. Additionally, the new data 
may lead to further revelations about how iron 
accumulates in the brain and increases the risk 
of movement disorders.

Source: University of California San Diego 
news release

Neuroscience

Connecting the dots between virus infection and progress of brain cancer

Scientists have found that cancer-causing 
virus Epstein Barr Virus (EBV) can infect the 
neuronal cells and drive various changes in 
biomolecules leading to diseases of the central 
nervous system as well as brain cancer. EBV 
virus has been found to be widely present in 
the human population. It usually does not 
cause any harm, but the virus gets reactivated 
inside the body in some unusual conditions 
like immunological stress or immuno-
competence. This may further lead to various 
complications like a type of blood cancer 
called Burkitt's lymphoma, stomach cancer, 
multiple sclerosis, and so on. Earlier studies 
provided links of EBV involvement in 
various neurodegenerative diseases. How-
ever, how this virus can affect the cells of 
brain and manipulate them is still unexplored.

A research team from IIT Indore utilized the 
Raman microspectroscopy technique to 
explore the possible impacts of a cancer-
causing virus on brain cells. The technique 
based on Raman Effect is a simple, cost-
effective tool to find sensitive chemical 
changes in biological samples.

The study, published in the journal ACS 

Chemical Neuroscience, showed that there 
could be timely and gradual changes in 
various biomolecules in the neuronal cells 
under viral influence. Additionally, these 
changes were distinct when compared to the 
changes observed in other supportive brain 
cells (that is, astrocyte and microglia). The 
team consists of a group leader from Infection 
Bioengineering group at IIT Indore, Dr. Hem 
Chandra Jha, along with his students Omkar 
Indari, Shweta Jakhmola, and Meenakshi 
Kandpal in collaboration with the group 
leader of Material and Device Laboratory 
(Department of Physics), Professor Rajesh 
Kumar and team including Dr. Devesh K. 
Pathak and Ms. Manushree Tanwar found that 
some common biomolecular changes were 
observed at times in these cells. They 
observed that the lipid, cholesterol, proline, 

and glucose molecules increased in the cells 
under viral influence. These biomolecular 
entities could ultimately play pivotal roles in 
the viral usurpation of cells. Further, the study 
also provided insights into whether these 
biomolecular changes can be correlated to 
virus-associated impacts and linked to 
neurological complications.

“The research work aids in the understanding 
of EBV-mediated biomolecular changes in the 
various compartments of the central nervous 
system leading to better understanding of 
nervous system diseases,” said Dr. Hem 
Chandra Jha. Professor Rajesh Kumar pointed 
out that the study is also helpful in establishing 
the advantages of Raman microspectroscopy, a 
cost-effective and non-invasive technique, in 
carrying out studies on virus-associated 
cellular complications in clinical settings. 

Source: PIB
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Plant Science

Best offense is a great defense for some carnivorous plants

Insect-eating plants have fascinated biologists 

for more than a century, but how plants 

evolved the ability to capture and consume 

live prey has largely remained a mystery. 

Now, scientists at Washington University in 

St. Louis and the Salk Institute have 

investigated the molecular basis of plant 

carnivory and found evidence that it evolved 

from mechanisms plants use to defend 

themselves. The research published in the 

Proceedings of the National Academy of 

Sciences (PNAS), details how calcium 

molecules move dynamically within cells in 

the leaves of carnivorous plants in response to 

touch from live prey. Calcium fluctuation 

leads to leaf movements for prey capture, 

likely through an increase in defensive 

hormone production. The findings broaden 

scientists' understanding of how plants 

interact with their environments. “It was 

fascinating to see how these plants respond to 

prey-associated mechanical stimulation, like 

touch,” said Ivan Radin, co-first author. “The 

ability to sense and respond to mechanical 

forces is something most people don't 

associate with plants, especially on this rapid 

timescale. Our work provides a beautiful 

visual of this fact.”

Biologists have come to understand that 

plants such as the spoon-leaved sundew 

(Drosera spatulata) likely adapted carnivory 

to survive in nutrient-poor conditions. For this 

study, the scientists applied genetic tools to 

image the dynamic changes of calcium 

molecules in the leaves as insect prey landed 

on the leaf and was captured there by sticky 

secretions. In non-carnivorous plants, 

calcium signaling plays many vital life-

supporting roles, such as triggering the 

jasmonic acid defense pathway to repel 

unwanted insect pests. Jasmonic acid also 

responds to electrical activity, which is a 

critical element of prey capture in some 

carnivorous plants, including sundews. The 

scientists wanted to know if this same defense 

pathway of non-carnivorous plants might also 

be required for the sundew's carnivorous 

behavior. The team found that changes in 

calcium within the plant cell were required for 

activation of genes typically targeted by 

jasmonic acid as the leaf bent inwards, 

entrapping the insect in digestive juices. The 

researchers further observed that sundew 

leaves bent less when they were given non-

living prey and when their calcium channels 

were blocked. These findings demonstrate that 

calcium aids in insect prey-capture responses 

and, together with the work of others, supports 

the idea that jasmonic acid is involved in insect 

digestion.

Source: Washington University in St. Louis 

news release

Plant Science

Resistance to cassava mosaic disease explained

Cassava cultivation is impacted by many 

pests and diseases. Cassava mosaic disease 

(CMD) in particular is often damaging the 

crop.  CMD is caused by DNA gemini-

viruses that are transmitted to plants by sap-

 sucking whiteflies (Bemisia tabaci) and can 

destroy entire fields and decimate yields. 

Cassava mosaic disease is a particularly 

severe problem in Africa and India. How-

ever, the virus is now also spreading through 

cassava fields in Southeast Asia. An 

international research team led by Wilhelm 

Gruissem, Professor of Plant Biotechnology 

at ETH Zurich working with several resistant 

and susceptible West African cassava 

cultivars used genome analyses to identify 

the gene responsible for a specific resistance 

to cassava mosaic virus. The resistance was 

originally found by farmers in West Africa, 

who observed that while the majority of their 

cassava plants in the field had died as a result 

of the viral infection, a few plants survived. 

This attracted the attention of researchers, 

who then tried to identify the cause of this 

resistance.

In  the i r  s tudy  publ i shed  in  Nature 

Communications, the team led by Wilhelm 

Gruissem shows that the resistance is caused 

by a single gene that is the blueprint for a 

DNA polymerase – an enzyme responsible 

for replicating DNA within a cell. However, 

the DNA polymerase not only replicates 

DNA, it also performs “proofreading” to 

correct errors in the sequence of DNA 

building blocks that may occur during 

replication. And it is precisely this enzyme 

that the geminiviruses require to replicate 

their own DNA and consequently to 

reproduce. Since cassava has a double set of 

chromosomes, the plant has two copies of each 

gene. If one copy of the DNA polymerase gene 

is mutated, the viruses cannot multiply and the 

infection stops. In plants that are susceptible to 

the disease, however, both copies of the DNA 

polymerase gene do not have the mutation that 

gives rise to the CMD resistance. “We don't 

know yet exactly how the resistance 

mechanism works,” Gruissem says. “This is 

something that will need to be investigated in 

future studies. By pinning down the gene 

responsible for what is known as CMD2 

resistance, the researchers are playing an 

important part in enhancing food security in 

tropical and subtropical regions. The gene they 

have identified now serves as a genetic marker 

for breeders, indicating whether or not the 

resistance is present in their plants.

Source: ETH Zurich news release
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Material Science

Tear-resistant soft material inspired by the human heart

The human heart beats more than two billion 

times in an average lifespan. The aorta's tissue 

is strong enough to withstand this stress, yet 

flexible enough to maintain a steady flow of 

blood. But how does this soft tissue not tear 

over time? This is a question that engineers are 

trying to answer as they examine the physical 

properties of soft materials, such as silicones 

or hydrogels, which are commonly used in 

robotics, medical devices and wearable 

technologies. Traditional soft materials are 

either tough, meaning difficult to tear, or stiff, 

meaning able to resist deformation. The 

tradeoffs that come with each of these 

properties make it challenging to design a 

material that is both. Previous approaches 

involve combining two types of materials, 

alternating the placement of rigid and flexible 

materials throughout a final composite 

material to help prevent and slow tears.  To 

tackle the issue of making soft materials 

tough, Penn Engineers have examined the 

problem from a different angle—literally, the 

angle at which glass fibers embedded in 

silicone come out of a 3D-printing nozzle.

Jordan Raney, assistant professor in mecha-

nical engineering and applied mechanics in 

Penn's School of Engineering and Applied 

Science, along with Chengyang Mo and Haiyi 

Long, graduate students in his lab, looked at 

the variations of fiber alignment in biological 

tissues to find an answer in their new study 

published in PNAS. “The answer to many 

problems in nature is spatial variation,” says 

Raney. “Tissues are made up of features with 

varying patterns and degrees of order, and this 

heterogeneity of the structure allows it to 

perform multiple functions simultan-eously. 

In engineering soft materials, you can either 

create heterogeneity by employing multiple 

material types or by changing a few aspects of 

one type of material, such as fiber alignment. 

Our approach is the latter.” The researchers 

mimicked this variation by manipulating one 

type of silicone, polydimethylsiloxane. They 

embedded glass fibers into this soft silicone to 

provide it with structural fibers akin to 

collagen in skin. “Here we created a simple 

tear-resistant material by just manipulating the 

fiber alignment,” says Mo, the study's lead 

author. “We were able to slow the tear and we 

can easily manipulate the number of stripes to 

attune the material to different applications 

where it might need flexibility over toughness 

or vice versa. But we didn't stop there. We 

wanted to improve these properties further, 

and that's when we looked at the aorta.”

Source: University of Pennsylvania news 

release

Material Science

Bio-hybrid material demonstrates promising new approach to mimicking 
natural tissue

Producing biomaterials that match the 

performance of cartilage and tendons has been 

an elusive goal for scientists, but a new 

material created at Cornell demonstrates a 

promising new approach to mimicking natural 

tissue. The results were published in the 

Proceedings of the National Academy of 

Sciences and provide a new strategy for 

synthesizing clinical solutions for damaged 

tissue. Tissue has to be soft enough to bend and 

flex, but durable enough to withstand 

prolonged loading – for example, the weight a 

knee tendon must support. When tissue wears 

out or is damaged, collagen hydrogels and 

synthetic materials have the potential to serve 

as replacements, but neither alone possesses 

the right combination of biological and 

mechanical properties of natural tissue. Now, 

Cornell researchers have engineered a 

biohybrid composite material with the 

essential characteristics of a natural tissue. 

The material consists of two main ingredients: 

collagen – which gives the material its 

softness and biocompatibility – and a 

synthetic zwitterionic hydrogel, which 

contains positively and negatively charged 

molecular groups.

“These charge groups interact with the 

negatively and positively charged groups in 

the collagen, and this interaction is what 

enables the materials to dissipate energy and 

achieve high levels of toughness,” said 

Lawrence Bonassar, the Daljit S. and Elaine 

Sarkaria Professor in Biomedical Engineering 

in the College of Engineering and co-lead 

author of the study. The biohybrid composite 

approaches the performance of articular 

cartilage and other biological tissues, 

possessing 40% more elasticity and 11 times 

the fracture energy – a measure of durability – 

of the zwitterionic material by itself. Nikolaos 

Bouklas, assistant professor in the Sibley 

School of Mechanical and Aerospace Engin-

eering and co-lead author of the study, said the 

material's biocompatibility means it can recruit 

cells and keep them alive. “Ultimately, we 

want to create something for regenerative 

medicine purposes, such as a piece of scaffold 

that can withstand some initial loads until the 

tissue fully regenerates,” Bouklas said. “With 

this material, you could 3D print a porous 

scaffold with cells that could eventually create 

the actual tissue around the scaffold.” In 

addition, the biohybrid material is self-

assembling once the two ingredients are 

mixed, Bouklas said, creating “the same 

interconnected network of collagen seen in 

natural cartilage, which otherwise would be 

extremely hard to produce.”

Source: Cornell University news release
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Material Science

Memory device with excellent switching characteristics and low-power 
requirements

Scientists have developed a memory device 

with excellent switching characteristics and 

low-power requirements for data storage 

applications. Resistive memory devices with 

insulating film sandwiched between electr-

odes can address the needs of high-per-

formance, and high-density memories with 

low power requirements for data storage. 

They are devices with resistive switching 

characteristics which refers to the physical 

phenomena in which a dielectric (electrical 

insulator that can be polarised by an applied 

electric current) suddenly changes its (two 

terminal) resistance under the action of a 

strong current.  Extensive efforts are being 

made by scientists to design resistive 

switching-based memory devices that are 

non-volatile, reliable, and perform much 

better than the existing silicon-based flash 

memory technology. Ms. Swathi S. P. and Dr. 

S. Angappane from the Centre for Nano and 

Soft Matter Sciences (CeNS), Bangalore, 

India, have developed a low-power memory 

device with excellent switching charac-

teristics made from the chemical hafnium 

oxide, a replacement for silicon oxide, for 

data storage applications. They have used 

hafnium oxide (HfO ), an insulator which can 2

be polarised on application of electric current 

as an insulating layer. They prepared with by a 

method called sputtering deposition method. 

It is a physical vapour deposition technique in 

which energetic ions are used to knock off the 

atoms or molecules from the desired 'target' 

material and deposit them onto a substrate. 

The HfO  film's resistive switching charac-2

teristics could further be enhanced by tuning 

the growth temperature and annealing 

conditions -- a heat treatment process that 

changes the physical and sometimes chemical 

properties of a material to increase ductility 

and reduce the hardness to make it more 

workable.

The team found that a higher concentration of 

oxygen vacancies (loss of oxygen from their 

respective positions in the crystal lattice) is 

created when these films are subjected to heat 

thermal treatment process called annealing. 

The oxygen vacancies play a vital role in 

creating conditions for low power operations. 

Besides, thermal treatment also influenced 

crystalline behaviour and density of defects of 

the hafnium oxide films, thereby affecting 

resistive switching parameters and device 

performance. Besides, the devices also 

exhibited good endurance, and high retention. 

Their research published in the Journal of 

Alloys and Compounds can contribute to the 

development of more efficient, viable, and 

reliable resistive memory devices in the future. 

The CeNS researchers are converting these 

resistive memory devices into miniature 

forms. 

Source: PIB

Astrophysics

New glimpse into this epoch of galaxy assembly
A new Caltech project, called COMAP (CO 

Mapping Array Project), will offer us a new 

glimpse into the epoch of galaxy assembly, 

helping to answer questions about what really 

caused the universe's rapid increase in the 

production of stars. "Most instruments might 

see the tip of an iceberg when looking at 

galaxies from this period," says Kieran Cleary, 

the project's principal investigator and the 

associate director of Caltech's Owens Valley 

Radio Observatory (OVRO). "But COMAP 

will see what lies underneath, hidden from 

view." The current phase of the project uses a 

10.4-meter "Leighton" radio dish at OVRO to 

study the most common kinds of star-forming 

galaxies spread across space and time, 

including those that are too difficult to view in 

other ways because they are too faint or hidden 

by dust. The radio observations trace the raw 

material from which stars are made: cold 

hydrogen gas. This gas is not easy to pinpoint 

directly, so instead COMAP measures bright 

radio signals from carbon monoxide (CO) 

gas, which is always present along with the 

hydrogen. 

The first science results from the project have 

just been published in seven papers in The 

Astrophysical Journal. Based on observations 

taken one year into a planned five-year 

survey, COMAP set upper limits on how 

much cold gas must be present in galaxies at 

the epoch being studied, including the ones 

that are normally too faint and dusty to see. 

"Looking to the future of the project, we aim 

to use this technique to successively look 

further and further back in time," Cleary says. 

"Starting 4 billion years after the Big Bang, we 

will keep pushing back in time until we reach 

the epoch of the first stars and galaxies, a 

couple of billion years earlier." Anthony 

Readhead, the co-principal investigator says 

that COMAP will see not only the first epoch 

of stars and galaxies, but also their epic 

decline. "We will observe star formation rising 

and falling like an ocean tide," he says. 

COMAP works by capturing blurry radio 

images of clusters of galaxies over cosmic time 

rather than sharp images of individual 

galaxies.  This blurriness enables the 

astronomers to efficiently catch all the radio 

light coming from a larger pool of galaxies, 

even the faintest and dustiest ones that have 

never been seen. These findings are the subject 

of a Focus Issue in the Astrophysical Journal, 

which contains links to the published papers.

Source: Caltech news release
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Astronomy

The ultimate fate of a star shredded by a black hole

In 2019, astronomers observed the nearest 

example to date of a star that was shredded, or 

“spaghettified,” after approaching too close to 

a massive black hole. That tidal disruption of a 

sun-like star by a black hole 1 million times 

more massive than itself took place 215 

million light years from Earth. Luckily, this 

was the first such event bright enough that 

astronomers from the University of Cali-

fornia, Berkeley, could study the optical light 

from the stellar death, specifically the light's 

polarization, to learn more about what 

happened after the star was torn apart. Their 

observations in 2019 suggest that a lot of the 

star's material was blown away at high speed 

— up to 10,000 kilometers per second — and 

formed a spherical cloud of gas that blocked 

most of the high-energy emissions produced 

as the black hole gobbled up the remainder of 

the star. Earlier, other observations of optical 

light from the blast, called AT2019qiz, 

revealed that much of the star's matter was 

launched outward in a powerful wind. But the 

new data on the light's polarization, which was 

essentially zero at visible or optical wave-

lengths when the event was at its brightest, 

tells astronomers that the cloud was likely 

spherically symmetric. “This is the first time 

anyone has deduced the shape of the gas cloud 

around a tidally spaghetiffied star,” said Alex 

Filippenko, UC Berkeley professor of 

astronomy and a member of the research 

team.

The results support one answer to why 

astronomers don't see high-energy radiation, 

such as X-rays, from many of the dozens of 

tidal disruption events observed to date: The 

X-rays, which are produced by material ripped 

from the star and dragged into an accretion 

disk around the black hole before falling 

inward, are obscured from view by the gas 

blown outward by powerful winds from the 

black hole. “This observation rules out a class 

of solutions that have been proposed 

theoretically and gives us a stronger constraint 

on what happens to gas around a black hole,” 

said UC Berkeley graduate student Kishore 

Patra, lead author of the study. “People have 

been seeing other evidence of wind coming out 

of these events, and I think this polarization 

study definitely makes that evidence stronger, 

in the sense that you wouldn't get a spherical 

geometry without having a sufficient amount 

of wind. The interesting fact here is that a 

significant fraction of the material in the star 

that is spiraling inward doesn't eventually fall 

into the black hole — it's blown away from the 

black hole.”

Source: UC Berkeley news release

Earth Science

New model shows Earth's deep mantle was drier from the start

A new study from Washington University in 

St. Louis suggests that the deep part of the 

ancient mantle closest to the Earth's core 

started out substantially drier than the part of 

the mantle closest to the young planet's 

surface. By analyzing noble gas isotope data, 

Rita Parai, assistant professor of earth and 

planetary sciences in Arts & Sciences, 

determined that the ancient plume mantle (the 

deep part) had a water concentration that was a 

factor of 4 to 250 times lower when compared 

with the water concentration of the upper 

mantle. The resulting viscosity contrast could 

have prevented mixing within the mantle, 

helping to explain certain long-standing 

mysteries about Earth's formation and 

evolution. The research is published in the 

Proceedings of the National Academy of 

Sciences (PNAS). 

“A primordial viscosity contrast may explain 

why the giant impacts that triggered whole-

mantle magma oceans did not homogenize the 

growing planet,” said Parai, who is a faculty 

fellow of the university's McDonnell Center 

for the Space Sciences. “It also could explain 

why the plume mantle has experienced less 

processing by partial melting over Earth 

history.” Parai's investigation challenges an 

assumption that was once widely held in her 

field: that Earth's mantle was uniform from 

the start. When the solar system settled into its 

current layout about 4.5 billion years ago, 

Earth formed when gravity pulled swirling 

gas and dust in to become the third planet from 

the sun. Volatiles like water, carbon, nitrogen 

and the noble gases were delivered to Earth as 

it formed, but Parai's study suggests that the 

material that accreted earlier was a drier type 

of rock than what accreted later. She found that 

mantle helium, neon and xenon (Xe) isotopes 

require that the plume mantle had low 

concentrations of volatiles like Xe and water at 

the end of that period of accretion, compared 

with the upper mantle. The upper mantle may 

have benefited from a larger contribution of 

mass from volatile-rich materials similar to a 

class of meteorites called carbonaceous 

chondrites. Parai takes a multi-pronged 

approach to figuring out a planet's life story. 

This study in PNAS presents a model that she 

developed, but Parai also does her own 

experimental work with rock samples in her 

high-temperature isotope geochemistry 

laboratory at Washington University. She 

studies noble gas isotopes, especially those 

from Xe, in volcanic rocks to understand the 

evolution of Earth's mantle composition and in 

terrestrial rocks at Earth's surface to see the 

evolution of the atmosphere. 

Source: Washington University in St. Louis 

news release
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Climate Science

Scientists solve the curious case of Himalayan glaciers resisting global 
warming

Researchers have taken a significant leap 
toward solving the mystery of why few 
pockets of glaciers in the Karakoram Range 
are resisting glacial melt due to global 
warming, defying the trend of glaciers losing 
mass across the globe, with the Himalayas 
being no exception. They have attributed this 
phenomenon called 'Karakoram Anomaly' to 
recent revival of western disturbances (WDs). 
Himalayan glaciers are of paramount impo-
rtance in the Indian context, especially for the 
millions of dwellers living downstream who 
rely on these perennial rivers for their day-to-
day water needs. They are fast receding under 
the impacts of global warming, and stifling 
stress on the water resources is inevitable in 
the coming decades. In contrast, the glaciers 
of central Karakoram have surprisingly 
remained unchanged or slightly increased in 
the last few decades. This phenomenon has 
been puzzling glaciologists and providing 
climate deniers with a very rare straw to clutch 
at. Dr. Pankaj Kumar, Associate Professor at 
the Indian Institute of Science Education and 
Research (IISER), Bhopal, found this 

peculiar because the behaviour seems to be 
confined to a very small region, with only 
Kunlun ranges being another example of 
showing similar trends in the whole of 
Himalaya. In a paper published in the 
American Meteorological Society's Journal 
of Climate, his group claimed that the recent 
revival of western disturbance has been 
instrumental in triggering and sustaining the 
Karakoram Anomaly since the advent of the 

st21  century. 

Aaquib Javed, a lead author of the study, said, 
“WDs are the primary feeder of snowfall for 
the region during winters. Our study suggests 
they constitute about around 65% of the total 
seasonal snowfall volume and about 53% of 
the total seasonal precipitation, easily making 
them the most important source of moisture. 
The precipitation intensity of WDs impacting 
Karakoram has increased by around 10% in 
last two decades, which only enhances their 
role in sustaining the regional anomaly.” The 
group applied a tracking algorithm to three 
separate global reanalysis datasets to track 
and compile a comprehensive catalog of WDs 

impinging the Karakoram-Himalayan region 
in the last four decades. The analysis for the 
tracks passing through the Karakoram reveals 
the role of snowfall as a crucial factor in mass 
balance estimations. While previous studies 
have highlighted the role of temperature in 
establishing and sustaining the anomaly over 
the years, it is for the first time that the impact 
of precipitation in feeding the anomaly has 
been highlighted. The researchers have also 
quantified the impact of precipitation in 
feeding the anomaly. Calculations by the 
scientists reveal that contribution of WDs in 
terms of snowfall volume over the core glacier 
regions of Karakoram have increased by about 
27% in recent decades, while precipitation 
received from non-WD sources have 
significantly decreased by around 17%, 
further strengthening their claims.

Source: PIB

Astronomy

Astronomers develop novel way to 'see' first stars through fog of early 
Universe

A Cambridge-led team has developed a 
methodology to see through the primordial 
clouds and other sky noise signals, avoiding 
the detrimental effect of the distortions 
introduced by the radio telescope. Their 
methodology, part of the REACH (Radio 
Experiment for the Analysis of Cosmic 
Hydrogen) experiment, will allow astro-
nomers to observe the earliest stars through 
their interaction with the hydrogen clouds, in 
the same way we would infer a landscape by 
looking at shadows in the fog. Their method 
will improve the quality and reliability of 
observations from radio telescopes looking at 
this unexplored key time in the development 
of the Universe. The first observations from 
REACH are expected later this year. The 
results are reported in the journal Nature 
Astronomy. “At the time when the first stars 
formed, the Universe was mostly empty and 
composed mostly of hydrogen and helium,” 
said Dr Eloy de Lera Acedo from Cambridge's 
Cavendish Laboratory, the paper's lead author. 
The methodology developed by de Lera 

Acedo and his colleagues uses Bayesian 
statistics to detect a cosmological signal in the 
presence of interference from the telescope 
and general noise from the sky, so that the 
signals can be separated. To do this, state-of-
the-art techniques and technologies from 
different fields have been required. The 
researchers used simulations to mimic a real 
observation using multiple antennas, which 
improves the reliability of the data – earlier 
observations have relied on a single antenna.

“Our method jointly analyses data from 
multiple antennas and across a wider 
frequency band than equivalent current 
instruments. This approach will give us the 

necessary information for our Bayesian data 
analysis,” said de Lera Acedo. He added: “In 
essence, we forgot about traditional design 
strategies and instead focused on designing a 
telescope suited to the way we plan to analyse 
the data – something like an inverse design. 
This could help us measure things from the 
Cosmic Dawn and into the epoch of reioni-
sation, when hydrogen in the Universe was 
reionised.” The telescope's construction is 
currently being finalised at the Karoo radio 
reserve in South Africa, a location chosen for 
its excellent conditions for radio observations 
of the sky. The REACH team of over 30 
researchers is multidisciplinary and distributed 
worldwide, with experts in fields such as 
theoretical and observational cosmology, 
antenna design, radio frequency instrum-
entation, numerical modelling, digital 
processing, big data and Bayesian statistics. 
REACH is co-led by the University of 
Stellenbosch in South Africa.

Source: University of Cambridge news release
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Engineering Science

Smart lighting system based on quantum dots more accurately 
reproduces daylight

The researchers, from the University of 
Cambridge, designed the next-generation 
smart lighting system using a combination of 
nanotechnology, colour science, advanced 
computational methods, electronics and a 
unique fabrication process. The team found 
that by using more than the three primary 
lighting colours used in typical LEDs, they 
were able to reproduce daylight more 
accurately. The results are reported in the 
journal Nature Communications. The Cam-
bridge researchers developed an archit-ecture 
for quantum-dot light-emitting diodes (QD-
LED) based next-generation smart white 
lighting. They combined system-level colour 
optimisation, device-level optoelectronic 
simulation, and material-level parameter 
extraction. The researchers produced a com-
putational design framework from a colour 
optimisation algorithm used for neural 
networks in machine learning, together with a 
new method for charge transport and light 
emission modelling. The QD-LED system 
uses multiple primary colours – beyond the 
commonly used red, green and blue – to more 
accurately mimic white light. By choosing 

quantum dots of a specific size – between 
three and 30 nanometres in diameter – the 
researchers were able to overcome some of 
the practical limitations of LEDs and achieve 
the emission wavelengths they needed to test 
their predictions.

The team then validated their design by 
creating a new device architecture of QD-
LED based white lighting. The test showed 
excellent colour rendering, a wider operating 
range than current technology, and a wide 
spectrum of white light shade customisation. 
The Cambridge-developed QD-LED system 
showed a correlated colour temperature 
(CCT) range from 2243K (reddish) to 9207K 
(bright midday sun), compared with current 
LED-based smart lights which have a CCT 

between 2200K and 6500K. The colour 
rendering index (CRI) – a measure of colours 
illuminated by the light in comparison to 
daylight (CRI=100) – of the QD-LED system 
was 97, compared to current smart bulb 
ranges, which are between 80 and 91. The 
design could pave the way to more efficient, 
more accurate smart lighting. “This is a world-
first: a fully optimised, high-performance 
quantum-dot-based smart white lighting 
system,” said Professor Jong Min Kim who 
co-led the research. “This is the first milestone 
toward the full exploitation of quantum-dot-
based smart white l ighting for daily 
applications.” “The ability to better reproduce 
daylight through its varying colour spectrum 
dynamically in a single light is what we aimed 
for,” said Professor Gehan Amaratunga, who 
co-led the research. “We achieved it in a new 
way through using quantum dots. This 
research opens the way for a wide variety of 
new human responsive lighting envir-
onments.”

Source: University of Cambridge news release

Engineering Science

Engineered mattress tricks your body to fall asleep faster
When people feel sleepy or alert, that 
sensation is controlled in part by the ebb and 
flow of a 24-hour rhythm of their body 
temperature. Bioengineers at The University 
of Texas at Austin have developed a unique 
mattress and pillow system that uses heating 
and cooling to tell the body it is time to go to 
sleep. Sleep is possible when the body 
temperature declines at night as part of the 24-
hour rhythm. This new mattress stimulates the 
body to trigger the sleepy feeling, helping 
people fall asleep faster and improving the 
quality of sleep. “We facilitate the readiness to 
fall asleep by manipulating internal body 
temperature-sensitive sensors to briefly adjust 
the thermostat of the body so it thinks the 
temperature is higher than it actually is,” said 
Shahab Haghayegh, a research fellow at 
Harvard Medical School's Division of Sleep 
Medicine and Brigham and Women's Hos-
pital, who helped lead the development of the 
mattress at UT Austin while earning a Ph.D. in 
biomedical engineering. Haghayegh gradu-
ated in 2020.

The skin of the neck is an important bodily 

thermostat for humans, and it is the primary 
sensor the mattress targets, with a warming 
pillow. The mattress is designed to simu-
ltaneously cool the central areas of the body 
while heating up the neck, hands and feet, 
thereby increasing blood flow to dissipate 
body heat. The researchers publi-shed a 
proof-of-concept study about the unique 
combination warming pillow plus cooling-
warming, dual-zone mattress system in the 
Journal of Sleep Research, looking at two 
versions of the mattress: one that uses water 
and another that uses air to manipulate the 
core body temperature. They tested the 
mattresses with 11 subjects, asking them to go 
to bed two hours earlier than usual, some 

nights using the cooling-warming functions of 
the mattresses and other nights not. The study 
found that the warming and the cooling-
warming mattress helped them fall asleep 
faster – approximately 58% faster compared 
with nights when they did not use the cooling-
warming function, even in the challenging 
setting of an earlier bedtime. Not only did 
lowering internal body temperature signi-
ficantly shorten the amount of time required to 
fall asleep, it also resulted in significantly 
improved quality of sleep. This project focused 
on lowering the internal body temperature at 
the right circadian time sends the signal that it 
is time to go to sleep. Targeting the important 
bodily sensors in just a few areas that control 
heat dissipation, and thus body temperature 
level, made more sense than focusing on the 
entire body. “It is remarkable how effective 
gentle warming along the cervical spine is in 
sending a signal to the body to increase blood 
flow to the hands and feet to lower the core 
temperature and precipitate sleep onset,” 
Diller said. 

Source: The University of Texas news release
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Engineering Science

Map to highlight areas prone to rainfall-induced erosion in India

About 68.4% of the total eroded soil in India is 
affected by erosion induced by water, and 
rainfall erosivity i.e., the potential of rain to 
cause soil degradation, is a major contributor 
to it.

Soil erosion induced by rainfall has been 
identified as a significant environmental 
problem globally. The current assessments of 
rainfall erosivity in India are limited to 
catchment or regions specific, which is very 
less to assess rainfall erosivity for a nation like 
India, having diverse climate properties. A 
study conducted at Hydrosense Lab, IIT Delhi 
, by PhD student Ravi Raj, Prof. Manabendra 
Saharia, and Prof. Sumedha Chakma from the 
Department of Civil Engineering, has led to 
first pan-India assessment of rainfall erosivity 
over India. Using multiple national and global 
gridded precipitation datasets i.e., Indian 
Monsoon Data Assimilation and Analysis 
(IMDAA) at an hourly temporal scale, India 
Meteorological Department (IMD) on a daily 
scale, and the Global Climate Hazards Group 
Infrared Precipitation with Station data 

(CHIRPS) on a daily scale, the researchers 
have developed a high-resolution map) 
highlighting areas prone to rainfall-induced 
erosion in India. “This study is a step toward 
building a national-scale soil erosion model 
for India. The national rainfall erosivity map 
will facilitate watershed managers to identify 
rainfall erosivity potential at diverse locations 
and thereby plan, prioritize, and implement 
essential watershed development activities to 
minimize soil erosion,” Prof. Manabendra 

Saharia, Department of Civil Engineering, 
said.

The most vulnerable region to rainfall 
erosivity (R-factor = 23,909.21 M J-
mm/ha/h/yr) was spotted in the Laitknsew and 
Cherrapunji region of East Khasi Hillis in 
Meghalaya state (one of the wettest regions in 
the world), while the least vulnerable region 
(R-factor = 8.10 MJ-mm/ha/h/yr) was spotted 
in the cold and dry Shahi Kangri Mountain 
region of Ladakh. The study also proposed 
several empirical equations that can be used by 
field practitioners. Parts of Assam and 
Meghalaya are among Indian zones prone to 
the most significant rainfall-induced soil 
erosion having R-factors of the highest range. 
Having soil of mostly loamy, silt loamy, sand 
clay loamy, and clay loamy, texture classes and 
slopy terrain do not show great resistance to 
soil erosion due to water. The concerned 
authorities need to adhere to adequate soil 
conservation measures.

Source: IIT Delhi news release

Engineering Science

Bio-inspired artificial muscle for next gen space robots and medical 
prostheses

The Smart Materials, Structures and Systems 
(SMSS) Lab at the Indian Institute of 
Technology (IIT), Kanpur, has developed a 
Bio-inspired Artificial Muscle for Next-
Generation Space Robots and Medical 
Prostheses. Encouraged by the industry 
demand and growth in the field of miniature, 
light weight, non-magnetic gear-free 
actuators, shape memory alloy (SMA) based 
actuators have emerged with an excellent 
power-to-weight ratio as a suitable alternative 
to the conventional actuators. However, 
existing SMA actuators have limited scope in 
terms of higher force or torque output due to 
the relatively simple architecture of the 
actuation mechanism. To address this 
limitation, the SMSS Lab at IIT Kanpur, 
inspired by the Portescap CSR funding, have 
expanded the design space of the SMA 
actuator by leveraging the characteristics of 
bi-pennate muscle architecture with about 
70% enhanced muscle force output per unit 
weight. This will result in the creation of a new 
class of Space Robots which will reinforce the 
Indian Space Technology. The team is led by 
Prof. Bishakh Bhattacharya, Professor, 
Department of Mechanical Engineering at IIT 

Kanpur.	 	

The primary goal of an actuator is to generate 
mechanical output, such as force and 
displacement, by transforming electrical 
energy. Shape memory alloys are a class of 
smart materials that can restore their shape 
after being exposed to high temperatures. The 
interesting property of the customizable 
multi-stage hierarchy of the shape memory 
alloy-based bio-inspired muscle design will 
also encourage researchers in the domain of 
bio-mechatronics to develop adaptive robotic 
prostheses for bio-medical application in the 
country. This will significantly reduce (one 

third of the current cost) the cost of bio-
medical devices and increase the affordability 
of high performance systems like MRI 
Scanner, CT scanner and Surgical Robots. The 
technology will also enable development of 
patient rooms with low maintenance and 
quieter operation. The work has been 
published in Nature Scientific Reports. The 
impact of the paper is multidimensional. By 
using the shape memory alloy-based bi-
pennate actuator as a novel driving principle 
other than electromagnetism, the system can 
cater to the need of an alternative for gear-
based conventional actuators from the 
miniature motor industry. The use of the 
proposed product will foster higher utilization 
rates for a broad-band of gripping force and 
hence a better cost-benefit ratio. Efficient 
Turbine design for Aircraft applications and 
automatic control of aircraft wing will also be 
possible through this technology.

Source: IIT Kanpur news release
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Wireless activation of targeted brain circuits in less than one second

A research team led by Rice University 
neuroengineers has created wireless tech-
nology to remotely activate specific brain 
circuits in fruit flies in under one second. In a 
published demonstration in Nature Materials, 
researchers from Rice, Duke University, 
Brown University and Baylor College of 
Medicine used magnetic signals to activate 
targeted neurons that controlled the body 
position of freely moving fruit flies in an 
enclosure. “To study the brain or to treat 
neurological disorders the scientific comm-
unity is searching for tools that are both 
incredibly precise, but also minimally 
invasive,” said study author Jacob Robinson. 
“Remote control of select neural circuits with 
magnetic fields is somewhat of a holy grail for 
neurotechnologies. Our work takes an 
important step toward that goal because it 
increases the speed of remote magnetic 
control, making it closer to the natural speed 
of the brain.”

Robinson said the new technology activates 
neural circuits about 50 times faster than the 
best previously demonstrated technology for 
magnetic stimulation of genetically defined 

neurons. “We made progress because the lead 
author, Charles Sebesta, had the idea of using 
a new ion channel that was sensitive to the rate 
of temperature change,” Robinson said. “By 
bringing together experts in genetic engin-
eering, nanotechnology and electrical 
engineering we were able to put all the pieces 
together and prove this idea works. This was 
really a team effort of world-class scientists 
we were fortunate enough to work with.” The 
researchers used genetic engineering to 
express a special heat-sensitive ion channel in 
neurons that cause flies to partially spread 
their wings, a common mating gesture. The 

r e sea rche r s  t hen  in j ec t ed  magne t i c 
nanoparticles that could be heated with an 
applied magnetic field. An overhead camera 
watched flies as they roamed freely about an 
enclosure atop an electromagnet. By changing 
the magnet's field in a specified way, the 
researchers could heat the nanoparticles and 
activate the neurons. An analysis of video from 
the experiments showed flies with the genetic 
modifications assumed the wing-spread 
posture within approximately half a second of 
the magnetic field change. Robinson said the 
ability to activate genetically targeted cells at 
precise times could be a powerful tool for 
studying the brain, treating disease and 
developing direct brain-machine comm-
unication technology. Robinson is principal 
investigator on MOANA, an ambitious 
project to develop headset technology for 
nonsurgical ,  wireless,  brain-to-brain 
communication. 

Source: Rice University news release

Engineering Science

Tiny motors that could power a network of nanomachines and replace 
some of the power sources

In new research published recently in ACS 
Nano, researchers from the Cockrell School of 
Engineering at The University of Texas at 
Austin created the first ever solid-state optical 
nanomotor. All previous versions of these 
light-driven motors reside in a solution of 
some sort, which held back their potential for 
most real-world applications. "Life started in 
the water and eventually moved on land," said 
Yuebing Zheng, an associate professor in the 
Wa l k e r  D e p a r t m e n t  o f  M e c h a n i c a l 
Engineering. "We've made these micro 
nanomotors that have always lived in solution 
work on land, in a solid state." The researchers 
envision these motors powering a variety of 
things. The spinning motion could pick up 
dust and other particles, making it useful for 
air quality measurement. They could propel 
drug delivery devices in the human body. And 
they could power tiny drones for surveillance 
and measurements, as well as other mini 
vehicles. The new motor is less than 100 
nanometers wide, and it can rotate on a solid 
substrate under light illumination. It can serve 
as a fuel-free and gear-free engine to convert 

light into mechanical energy for various solid-
state micro-/nano-electro-mechanical 
systems. Bringing these nanomotors on land 
and out of water, so to speak, avoids Brownian 
Motion, one of the biggest hurdles holding 
back implementation of these devices. It 
happens when water molecules push these 
little motors off their spin. The smaller the 
motor, the stronger this motion becomes. 
Removing the solution from the equation side 
steps this problem entirely.

Nanomotors are part of a large and growing 

field of miniature power sources. They serve as 
a middle ground in scale between molecular 
machines at the smaller end and micro-engines 
at the larger end. “Nanomotors help us to 
precisely control the nanoworld and make up 
new things we want for our real world.” said 
Jingang Li, a PhD graduate from Zheng's 
group and the lead author of this study. By 
taking these motors out of the solution and 
putting them onto chips, they have the 
potential to replace batteries in some instances, 
using only light to generate mechanical motion 
and power devices. This breakthrough arises 
from a novel design: a thin layer of phase 
change material on the substrate. The thin film 
can undergo a local and reversible change from 
the solid to a quasi-liquid phase when exposed 
to light. This phase change can reduce the 
friction force of the nanomotors and drives the 
rotation.

Source: University of Texas at Austin news 
release
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Deformable pump gives soft robots a heart
A collaboration between Cornell researchers 

and the U.S. Army Research Laboratory has 

leveraged hydrodynamic and magnetic forces 

to drive a rubbery, deformable pump that can 

provide soft robots with a circulatory system, 

in effect mimicking the biology of animals.

“These distributed soft pumps operate much 

more like human hearts and the arteries from 

which the blood is delivered,” said Rob 

Shepherd, who led the Cornell team. “We've 

had robot blood that we published from our 

group, and now we have robot hearts. The 

combination of the two will make more 

lifelike machines.” The research was pub-

lished in Proceedings of the National 

Academy of Sciences. Shepherd's Organic 

Robotics Lab has previously used soft 

material composites to design everything 

from stretchable sensor “skin” to combustion-

driven braille displays and clothing that 

monitors athletic performance – plus a 

menagerie of soft robots that can walk and 

crawl and swim and sweat. Like animals, soft 

robots need a circulatory system to store 

energy and power their appendages and 

movements to complete complex tasks.

The new elastomeric pump consists of a soft 

silicone tube fitted with coils of wire – known 

as solenoids – that are spaced around its 

exterior. Gaps between the coils allow the 

tube to bend and stretch. Inside the tube is a 

solid core magnet surrounded by magne-

torheological fluid – a fluid that stiffens when 

exposed to a magnetic field, which keeps the 

core centered and creates a crucial seal. 

Depending on how the magnetic field is 

applied, the core magnet can be moved back 

and forth, much like a floating piston, to push 

fluids – such as water and low-viscosity oils – 

forward with continuous force and without 

jamming. “We're operating at pressures and 

flow rates that are 100 times what has been 

done in other soft pumps,” said Shepherd. 

“Compared to hard pumps, we're still about 10 

times lower in performance. So that means we 

can't push really viscous oils at very high flow 

rates.” The researchers conducted an 

experiment to demonstrate that the pump 

system can maintain a continuous perfo-

rmance under large deformations, and they 

tracked the performance parameters so future 

iterations can be custom-tailored for different 

types of robots. “We thought it was important 

to have scaling relationships for all the 

different parameters of the pump, so that when 

we design something new, with different tube 

diameters and different lengths, we would 

know how we should tune the pump for the 

performance we want,” Shepherd said.

Source: Cornell University news release

Physics

Researchers remeasure gravitational constant

The gravitational constant G determines the 

strength of gravity – the force that makes 

apples fall to the ground or pulls the Earth in its 

orbit around the sun. The constant cannot be 

derived mathematically; it has to be deter-

mined through experiment. Over the 

centuries, scientists have conducted numerous 

experiments to determine the value of G, but 

the scientific community isn't satisfied with 

the current figure. It is still less precise than the 

values of all the other fundamental natural 

constants – for example, the speed of light in a 

vacuum. One reason gravity is extremely 

difficult to quantify is that it is a very weak 

force and cannot be isolated: when you 

measure the gravity between two bodies, you 

also measure the effect of all other bodies in 

the world. “The only option for resolving this 

situation is to measure the gravitational 

constant with as many different methods as 

possible,” explains Jürg Dual, a professor in 

the Department of Mechanical and Process 

Engineering at ETH Zurich. He and his 

colleagues conducted a new experiment to 

redetermine the gravitational constant and 

have now presented their work in the 

scientific journal Nature Physics.

To rule out sources of interference as far as 

possible, Dual's team set up their measuring 

equipment in what used to be the Furggels 

fortress, located near Pfäfers above Bad 

Ragaz, Switzerland. The experimental setup 

consists of two beams suspended in vacuum 

chambers. After the researchers set one 

vibrating, gravitational coupling caused the 

second beam to also exhibit minimal 

movement (in the picometre range – i.e., one 

trillionth of a metre). Using laser devices, the 

team measured the motion of the two beams, 

and the measurement of this dynamic effect 

allowed them to infer the magnitude of the 

gravitational constant.  The value the 

researchers arrived at using this method is 2.2 

percent higher than the current official value 

given by the Committee on Data for Science 

and Technology. However, Dual acknowl-

edges that the new value is subject to a great 

deal of uncertainty: “To obtain a reliable value, 

we still need to reduce this uncertainty by a 

considerable amount. Initial results are 

available but haven't yet been published. Still, 

Dual confirms that “we're on the right track.” 

The researchers run the experiment remotely 

from Zurich, which minimises disruptions 

from personnel present on site. The team can 

view the measurement data in real time 

whenever they choose.

Source: ETH Zurich news release

Physics, Maths and Engineering



DISCOVERIES & INNOVATIONS

37 The Scitech Journal Volume 09 Issue 09 September 2022

Physics

'Life-like' lasers can self-organise, adapt their structure, and cooperate
Researchers from Imperial College London 

and University College London have dem-

onstrated the first spontaneously self-org-

anising laser device, which can recon-figure 

when conditions change. The inno-vation, 

reported in Nature Physics, will help enable 

the development of smart photonic materials 

capable of better mimi-cking properties of 

biological matter, such as responsiveness, 

adaptation, self-healing, and collective 

behaviour. Co-lead author Prof-essor 

Riccardo Sapienza, from the Depar-tment of 

Physics at Imperial, said: “Lasers, which 

power most of our technologies, are designed 

from crystalline materials to have precise and 

static properties. We asked ourselves if we 

could create a laser with the ability to blend 

structure and functionality, to reconfigure 

itself and cooperate like biological materials 

do. “Our laser system can reconfigure and 

cooperate, thus enabling a first step towards 

emulating the ever-evolving relationship 

between structure and functi-onality typical of 

living materials.”

Lasers are devices that amplify light to 

produce a special form of light. The self-

assembling lasers in the team's experiment 

consisted of microparticles dispersed in a 

liquid with high 'gain' – the ability to amplify 

light. Once enough of these microparticles 

collect together, they can harness external 

energy to 'lase' – produce laser light. An 

external laser was used to heat up a 'Janus' 

particle (a particle coated on one side with 

light-absorbing material), around which the 

microparticles gathered. The lasing created by 

these microparticle clusters could be turned on 

and off by changing the intensity of the 

external laser, which in turn controlled the size 

and density of the cluster.

The team also showed how the lasing cluster 

could be transferred in space by heating 

different Janus particles, demonstrating the 

adaptability of the system. Janus particles can 

also collaborate, creating clusters that have 

properties beyond the simple adding of two 

clusters, such as changing their shape and 

boosting their lasing power. Co-lead author Dr 

Giorgio Volpe, from the Department of 

Chemistry at UCL, said: “Nowadays, lasers 

are used as a matter of course in medicine, 

telecommunications, and also in industrial 

production. Embodying lasers with life-like 

properties will enable the development of 

robust, autonomous, and durable next-

generation materials and devices for sensing 

applications, non-conventional computing, 

novel light sources and displays.”

Source: Imperial College London

Physics

Study finds ultimate limits of spaceplates in optical systems

Cornell researchers led by doctoral student 

Kunal Shastri and assistant professor 

Francesco Monticone, together with their 

collaborators, have for the first time defined 

the fundamental and practical limits of 

spaceplates in a paper published in the journal 

Optica. “In the quest to miniaturize optical 

systems,” Shastri explained in the paper, “an 

often-overlooked aspect is the large free-

space volume between the detector and the 

lens, or between lenses, which is essential to 

allow light to acquire a distance-dependent 

and angle-dependent phase and achieve, for 

example, focusing at a certain distance.” The 

length of the free space behind a lens is critical 

to the lens' ability to focus an image onto the 

sensor, or onto film, as was the case before 

digital cameras. The free space allows light 

waves coming from different directions after 

the lens to propagate and acquire enough 

phase to converge at the focal spot: the sensor. 

This is one reason why camera lenses 

designed to focus on and magnify a faraway 

subject, for example telephoto lenses, are so 

long. Spaceplates are designed to mimic the 

optical phase response of free space over a 

much smaller length.

Monticone, working with former doctoral 

student Aobo Chen, had previously used 

computer simulations to design scalable 

spaceplates and to demonstrate how they 

would work in an optical system. This new 

work expands on that research by defining the 

limits of a spaceplate's ability to maximize 

three fundamental optical parameters: 

compression ratio, numerical aperture and 

bandwidth. Prior research into spaceplate 

technology had yielded functional but 

impractical or inefficient designs that worked 

for a single color, or for a small range of 

angles, or needed to be immersed in a material 

with a high refractive index, such as oil. These 

devices could not be used to miniaturize 

typical optical systems. Spaceplates can be 

designed using the same materials that 

conventional imaging systems are made from, 

whether it's layers of glass and other 

transparent materials with different refractive 

indices, a patterned surface, or a photonic 

crystal slab – any structure that provides a 

sufficient contrast in refractive index going 

from one material to the next. They key factor 

is that the spaceplate must be highly 

transmissive; you don't want it to absorb light. 

Applications of spaceplate technology are not 

limited to cameras. Spaceplates could 

miniaturize projectors, telescopes, even 

antennas making use of a wider range of the 

electromagnetic spectrum. 

Source: Cornell University news release
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Knots in the resonator: elegant math in humble physics

In a new study in the journal Nature, Yale 
physicists Harris, Read, and their co-authors 
describe a previously unknown characteristic 
of resonators. A resonator is any object that 
vibrates only at a specific set of frequencies. 
They are ubiquitous in sensors, electronics, 
musical instruments, and other devices, where 
they are used to produce, amplify, or detect 
vibrations at specific frequencies. The new 
characteristic the Yale team found results from 
equations that any high school algebra student 
would recognize, but which physicists had not 
appreciated as a basic principle of resonators. 
“The resonances twist around each other. It's 
awesome,” Harris said. “It means any time 
you tune an instrument, you're making a braid. 
And if you tune it so that you keep two of the 
resonances equal, you're making a knot.” “If 
you're designing a violin and you want to 
know all the ways that it can vibrate, you're 
doing the same thing we are in my lab,” Harris 
said. “It's the physics of vibration.”

A few years ago, Harris was trying to 
understand some curious features that 
appeared in his data when he was tuning a 
cavity. He turned to his colleague Read, the 
Henry Ford II Professor of Physics and 
professor of applied physics and mathematics 
at Yale. Read explained that these features 
were braids and were simply expressions of a 
fundamental math principle. “But when he 
explained that our data should contain trefoil 
knots, I was hooked,” Harris said. A trefoil 

knot is a figure found in the iconography of 
many cultures. It is also found in the artwork of 
M.C. Escher. Knots of this type are very 
familiar to mathematicians, but don't often 
crop up in physics. Harris and Read designed 
an experiment in which they tuned three 
frequencies of a resonator and did, indeed, 
observe the predicted braids and knots. The 
discovery, while basic for mathematics, may 
prove useful for physicists and engineers. “It's 
a potentially powerful tool, knowing that 
frequencies can braid in a resonator,” Harris 
said. “That's because a braid is a topological 
object, meaning it doesn't change its essential 
character if you deform it a bit. It stays a braid 
unless you really mess it up. This is a special 
kind of robustness that we think can be used to 
prevent errors in applications that rely on 
precisely tuning resonators.”

Source: Yale University news release
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Elephant biomechanics suggests a new approach for soft robotics

A new study from the Georgia Institute of 
Technology suggests that an elephant's 
muscles aren't the only way it stretches its 
trunk — its folded skin also plays an 
important role. The combination of muscle 
and skin gives the animal the versatility to 
grab fragile vegetation and rip apart tree 
trunks. The research, in collaboration with 
Zoo Atlanta, finds that an elephant's skin 
doesn't uniformly stretch. The top of the trunk 
is more flexible than the bottom, and the two 
sections begin to diverge when an elephant 
reaches more than 10%. When stretching for 
food or objects, the dorsal section of the trunk 
slides further forward.  The findings could 
improve robotics, which today are typically 
built for either great strength or flexibility. 
The researchers say the elephant findings 
suggest that wrapping soft robotics with a 
skin-like structure could give the machines 
protection and strength while continuing to 
allow flexibility. The work is published in the 
Proceedings of National Academy of 
Sciences.

“When people extend their tongue — a 
muscle-filled, boneless tissue similar in 
composition to an elephant's trunk — it 
stretches uniformly. We expected the same 
when we challenged an elephant to reach for 
food,” said Andrew Schulz, the study's lead 

author. He and the team filmed two African 
savanna elephants reaching for bran cubes 
and apples at Zoo Atlanta.  After seeing the 
video, Schulz stretched the tissue of a 
dissected elephant to better understand the 
skin's elasticity. That's when he found that the 
top of the skin, which is folded, is 15% more 
flexible than the wrinkled bottom side. It's 
also when the team realized they weren't just 
seeing muscle movement on the video. They 
were also tracking a thick sheet of skin. 
“Flexible skin folds are the elephant's 
innovation,” said David Hu, Schulz's advisor 
and a professor in the Woodruff School and 
the School of Biological Sciences. The 
Georgia Tech study also found that instead of 

extending evenly, an elephant telescopically 
stretches its trunk like an umbrella, gradually 
lengthening in waves. An elephant first 
extends the section that includes the tip of its 
trunk, then the adjacent section and so on, 
gradually working its way back toward its 
body. Schulz says the progressive movement 
towards the base is intentional. “Soft robotics 
created with biologically inspired design are 
always based on muscle movement. If they 
were wrapped with a protective skin, like an 
elephant's muscle-filled trunk, the machines 
could apply larger forces,” he said. 

Source: Georgia Institute of Technology news 
release
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