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India's first indigenously developed vaccine for the prevention of 
cervical cancer

Union Minister of State for Science & Technology, Dr Jitendra Singh 
recently announced India's first indigenously developed vaccine, 
“CERVAVAC” for the prevention of cervical cancer.

Announcing the scientific completion of the quadrivalent Human 
Papilloma Virus (qHPV) vaccine in presence of Mr. Adar C. 
Poonawalla, CEO, Serum Institute of India, Pune and other prominent 
scientists and dignitaries, Dr Jitendra Singh said, this affordable and 
cost- effective vaccine marks an important day for DBT and BIRAC as 
it takes India a step closer to PM Modi's vision of Atmanirbhar Bharat.

Dr Jitendra Singh pointed out that Cervical cancer ranks as the 2nd most 
prevalent cancers in India and accounts for nearly one-fourth of the 
world's cervical cancer deaths despite being largely preventable. He 
said, current estimates indicate that every year approximately 1.25 lakhs 
women are diagnosed with cervical cancer, and over 75 thousand die 
from the disease in India, and 83 % of invasive cervical cancers are 
attributed to HPVs 16 or 18 in India, and 70% of cases worldwide. The 
Minister said, the most promising intervention for preventing cervical 
cancer is vaccination against human papillomavirus (HPV). It is 
estimated that HPV types 16 and 18 (HPV-16 and HPV-18) together 
contribute to approximately 70% of all invasive cervical cancer cases 
worldwide.

Dr Jitendra Singh pointed out that COVID has awakened us to the 
virtues of preventive healthcare, particularly in a society like India 
having less awareness of preventive Medicare due to various socio-
economic factors. He said, thanks to schemes like Ayushman, which 
allowed the poor, lower section of the society and the vulnerable 
population to indulge in the luxury of preventive medicine and 
preventive healthcare by getting insurance coverage of up to Rs 5 lakh.

Referring to Modi's visit to Zydus Biotech Park in Ahmedabad, Bharat 
Biotech in Hyderabad and Serum Institute of India in Pune in November, 
2020, to personally review the vaccine development and manufacturing 
process for Covid,  Dr Jitendra Singh said, Prime Minister then 

underlined that “India considers vaccines as not only vital to good 
health but also as a global good, and it is India's duty to assist other 
countries, including the nations in our neighbourhood, in the collective 
fight against the virus”.

Dr Jitendra Singh pointed out that within a year of implementation, the 
Mission Covid Suraksha demonstrated major achievements such as (i) 
Development of the World's first DNA Vaccine for COVID-19 by 
Cadila Healthcare which received Emergency Use Authorization on 20 
August 2021, and (ii) Supporting the development of the nation's first 
mRNA Vaccine and intranasal vaccine candidate against COVID-19. 
He said, 'CERVAVAC' is an outcome of a partnership of DBT and 
BIRAC with the Bill and Melinda Gates Foundation, supported by 
Serum Institute of India Private Limited for the indigenous 
development of quadrivalent vaccine through its partnership 
programme 'Grand Challenges India'. He said, academia, industries 
and research should become equal partners in the true spirit of 
Integrated Approach for result-oriented products.

The Minister said that the Department of Biotechnology (DBT) has 
made strenuous efforts to strengthen the Indian vaccine research and 
development over the past three decades. He added that a number of 
key initiatives are currently being implemented to promote basic and 
translational vaccine research, including the (i) Indo-US Vaccine 
Action Programme, (ii) National Biopharma Mission, (iii) Ind-CEPI 
Mission, and (iv) Mission COVID Suraksha, which was launched as 
part of Atmanirbhar Bharat 3.0, with the goal of bringing safe, 
efficacious, affordable and accessible indigenous COVID 19 vaccines 
to the citizens of the country at the earliest.

Dr Rajesh Gokhale, Secretary, DBT said, this is a celebration of 
collective efforts of all stakeholders and added that partnerships with 
industries are becoming incredibly important for doing R&D, which 
requires huge funding. He said, India will take a lead in vaccine 
development and medicine by breaking all barriers for betterment of 
mankind.
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Pathways to address issues and specific technology needs of the states

Dr N. Kalaiselvi, DG, CSIR in her address said that the cancer vaccine 
will help Indian women and women across the globe in major way and 
we may see in near future the version 1, 2 and 3 of “CERVAVAC”, as 
technologies are short lived. She said, “India Can Do” and added that we 
will come out with Indian solutions to Indian problems in true spirit of 
Atmanirbharta.

Mr. Adar C. Poonawalla, CEO, Serum Institute of India, Pune said in his 
brief address said that well being and protection of mother and child is 
the core philosophy of Serum Institute as only a healthy India can be a 
productive India. He also supported DBT's vision for more 
collaboration between Private and Government sectors for 
manufacturing of vaccines and drugs in India.

Noted film actress Manisha Koirala, who bravely fought and won the 
battle against ovarian cancer joined virtually to thank the Ministry of 

Science and Technology and particularly DBT for reaching this 
milestone. She said, this a great day for women in India and women 
world over, as there is life beyond cancer. She said, cost effective 
preventive treatment will inspire millions of such patients to say “Yes to 
Life”.

Dr. Alka Sharma, Senior Adviser, DBT and MD, BIRAC gave the 
welcome address, while Dr Shirshendu Mukherjee, Mission Director, 
Grand Challenges India and In-Charge, Mission COVID Suraksha, 
BIRAC delivered the vote of thanks.

Dr. Neerja Bhatla, Prof., Gynaecology and Obstetrics, AIIMS, New 
Delhi, Dr. N. K. Arora, INCLEN Trust, New Delhi, Dr. Umesh 
Shaligram, Executive Director, Serum Institute of India, Pune, Dr. 
Guruprasad R. Medigeshi, Asst. Prof., THSTI, Faridabad, Dr. 
Devasena Anantharaman, Scientist, RGCB, Thiruvananthapuram also 
took part in the event.

Source: PIB

Top scientific administrators across Ministries and departments 
discussed pathways by which science ministries can address issues and 
specific technology needs of the states and ways to strengthen the 
centre-state co-ordination for the socio-economic development of the 
nation.

Principal Scientific Advisor, Government of India, Prof A K Sood, 
highlighted the need for adequate investment in research and 
development from the private sector. “Some states have received 
substantial foreign direct investment, and some like Karnataka and 
Uttarakhand have made exemplary efforts in some areas like One Health 
Mission,” he pointed out while explaining the impact of closer linkages 
between the centre and states. 

Showcasing the effort by DST to strengthen the State Startup 
Ecosystem, Secretary, DST Dr. S. Chandrasekhar said, “DST has 
supported startup incubation centres in places like Hyderabad and 
Vadodara.”

“We are working for catalysing Science Technology Innovation (STI) 
ecosystem in the States by facilitating human resources, S&T 
infrastructure & socio-economic development through appropriate 
partnerships and strengthening of the S&T-based delivery system,” he 
pointed out.

“Indian researchers at all corners of India should pursue scientific 
research for the benefit of society with practical application-driven 
innovations,” Dr. Chandrasekhar added.

Dr. Rajesh Gokhale, Secretary DBT, underlined India's success in 
combatting the pandemic and said that if such a feat can be achieved in 
adverse situations, much more can be done in normal situations.  

“The target of bioeconomy has moved up from $150 Bn for 2025 to $300 
Bn for 2030. How India needs to set out a National Bio-economy 
Strategy for the next 25 years,” said Dr. Rajesh Gokhale, Secretary DBT

Director General; CSIR, Dr. N Kalaiselvi, advocated for technology-
enabled socio-economic development in States and a balanced approach 
of developing technologies for urban and rural needs.

She highlighted R&D carried out by CSIR under thematic areas like 
smart agriculture, civil infrastructure, energy and environment, 

aerospace, mining, metals, minerals and materials, health care & 
specialty chemicals, understanding the unique characteristics and 
specific needs of the states and regions and bringing customized 
solutions for critical issues of states.

 “The Ministry of Earth Sciences is translating earth science 
technologies like earthquake detection, weather and climate 
forecasting, and exploration of non-living ocean resources to services,” 
said Secretary Ministry of Earth Sciences Dr. M Ravichandran.

He spoke about observatories for atmosphere and ocean and data 
transmission, the establishment of automatic weather stations, X band 
radars,   monitoring of coastal erosion and pollution, and dissemination 
of information for different stakeholders like farmers, fishermen that 
have brought benefits to people across India.

Shri KN Vyas, Secretary, DAE, and Chairman, Atomic Energy, shared 
success stories in agriculture and water technologies such as the use of 
isotopes to track and recharge aquifers, use of radiation technologies 
for preserving packaged food materials, water ATMs, and so on which 
can be of use to the states.

Shri S. Somnath, Secretary, DoS & Chairman, ISRO, presented '2047 
Space Roadmap' with a focus on pushing ahead economic aspects of 
space technologies.

He encouraged states to establish regional, remote sensing centres 
based on themes and specialties of the states. He also advocated for 
encouraging entrepreneurship in value-added space products.

The session created a platform for discussing the key challenges for the 
Technology Vision for 2047 presented by the Sectoral Group of 
Secretaries and solutions to propel India as a vibrant knowledge 
economy in the 21st century.

Source: PIB
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Women in Engineering, Science, and Technology (WEST)

Women in Engineering, Science, and Technology (WEST), a new I- 
STEM (Indian Science Technology and Engineering facilities Map) 
initiative called “Women in Engineering, Science, and Technology 
(WEST)” was launched by Dr. Parvinder Maini, Scientific Secretary, 
Office of the Principal Scientific Adviser (PSA) to the Government of 

thIndia on 5  September 2022. The WEST programme will cater to 
women with a STEM background and empower them to contribute to 
the science, technology, and innovation ecosystem. I-STEM is a 
national web portal for sharing research equipment/facilities and is the 
umbrella under which many programmes for promoting collaborations 
in R&D and technological innovation among and between academia and 
industry, especially startups, are underway.

Through the WEST initiative, I-STEM shall provide a separate 
platform to scientifically inclined women researchers, scientists, and 
technologists for pursuing research in basic or applied sciences in 
frontier areas of science and engineering. Women may join the WEST 
program and explore opportunities to become stakeholders in various 
domains and pursue careers in R&D at various levels: technicians, 
technologists, scientists, and entrepreneurs. Opportunities range from 
operating scientific equipment and maintaining them, to designing and 
manufacturing them.

The  programmes under the WEST initiative will Skill Development
provide training for women with S&T backgrounds to brush up on their 
abilities and become engaged “in the field” as lab technicians and 
maintenance engineers, filling crucial gaps in the R&D infrastructure of 
the country. This initiative will also help bring women back into S&T 
domains after a career break.

With this experience, women can become entrepreneurs to serve as 
consultants for the operation and maintenance of sophisticated 
equipment/instruments through the I-STEM platform. This would go a 
long way towards filling a “skills gap” and putting publicly-funded 
equipment to good use.

Under the WEST initiative, the current support being provided to S&T 
startups by women entrepreneurs by I-STEM will be enhanced. The 

access to R&D facilities and R&D software platforms (COMSOL, 
MATLAB, LABVIEW, AUTOCAD) available through the I-STEM 
portal will form a strong support network for women entrepreneurs in 
S&T.

I-STEM shall provide a platform/forum for women researchers to 
deliberate on achievements, issues, and exchange ideas on taking the 
country forward through advances in science, technology, and 
innovation. In addition, a digital consortium “Connect Quickly” for 
online discussion and immediate support has also been established 
through the I-STEM WhatsApp and Telegram platforms.

A dedicated team of women will ensure the successful implementation 
of the WEST initiative.

In her address on the occasion of the launch, Dr. Maini appreciated the 
WEST initiative taken by I-STEM and called upon women in S&T to 
take advantage of it. She advised I-STEM to monitor the impact of the 
initiative by obtaining feedback and putting steps in place to increase 
the wider participation of women in WEST and I-STEM.

Dr. Vartika Shukla, CMD, Engineers India Ltd.; Dr. Sunita Mishra, 
Senior Principal Scientist, Central Scientific Instruments Organization 
(CSIO, CSIR); and Dr. Sangeeta Semwal, Scientist, Ministry of 
Electronics and Information Technology (MeitY), Govt. of India also 
congratulated the team on the launch of the platform and called for 
more participation of women on I-STEM. The programme was 
attended by participants across the country.

Source: PIB

India's first-ever "Night Sky Sanctuary" in Ladakh

In a unique and first-of-its-kind initiative, the Department of Science & 
Technology (DST), Govt of India, has undertaken to set up India's first-
ever "Night Sky Sanctuary" in Ladakh which will be completed within 
next three months.

The proposed Dark Sky Reserve will be located at Hanle in Ladakh as a 
part of Changthang Wildlife Sanctuary. It will boost Astro tourism in 
India and will be one of the world's highest-located sites for optical, 
infra-red, and gamma-ray telescopes. This was informed by Union 
Minister of State Science & Technology, Dr Jitendra Singh after meeting 
Lt. Governor Ladakh R.K. Mathur.

The Union Minister informed that a tripartite MoU was signed recently 
among the the UT administration, Ladakh Autonomous Hill 
Development Council (LAHDC) Leh and the Indian Institute of 
Astrophysics (IIA) for launching the Dark Space Reserve. He said, the 
site will have activities to help in boosting local tourism and economy 
through interventions of Science and Technology.  

All the stakeholders will jointly work towards the preservation of the 

night sky from unwanted light pollution and illumination, which is a 
serious threat to the scientific observations and natural sky conditions. 
It may be noted that Hanle is best suited for the project as it is located in 
Ladakh's cold desert region, away from any form of human disturbance 
and clear sky conditions and dry weather conditions exist throughout 
the year, the Minister added.

A high-level delegation of scientists and officials from Central Leather 
Research Institute, Chennai will visit Ladakh by the end of this year to 
explore the possibility of setting up a regional branch of CLRI, as the 
UT has a very rich and wide variety of animals for leather research and 
industry and to promote bio-economy of animal skin-derived products. 
He added that Charthang in Ladakh has over 4 lakh animals mainly 
pashmina goats, besides Sheep and Yak. He also complimented CSIR 
for organising 4 training workshops, two each at Leh and Kargil for 
treatment of diseases of famous Pashmina Goats.

Source: PIB
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Roadmap to augment financial resources for R&D

The roadmap and way forward to augment financial resources for R&D 
by enhancing the private sectors STI contribution and developing 
collaborative funding mechanisms was discussed at the Center-State 
Science Conclave on September 11, 2022. 

“We need to increase investment in research, translational research, and 
facilitate commercialisation. These can be accelerated through the 
private sector,” said Dr. Kris Gopalakrishnan, Co-founder, Infosys, at 
the panel on doubling private sector investment in R&D of the 
Conclave.

He stressed on funding support for knowledge creation, dissemination 
and application and highlighted the role of structures, co-location of 
industry and academia, as well as incentives like tax breaks. “At least 
1% of CSR from the industry should be spent on solving present 
problems like drinking water, cancer, anti-microbial resistance and also 
on open-ended future problems.

Dr. Akhilesh Gupta, Senior Adviser, Department of Science and 
Technology (DST), emphasised on incentives like restoration of R&D 
tax deduction, philanthropic funding, and creation of an environment for 
FDI to encourage private investment in research.

He highlighted the need for innovation in MSMEs, increasing the scope 
of models like Biotechnology Industry Research Assistance Council 
(BIRAC), Technology Development Board (TDB), cluster model 
involving co-location of industry and academia, as well as steps like 
bringing back industry products funded by government to the 
government to promote the involvement of private sector in research.

He pointed out that with 100% FDI permitted in research, some states 
like Karnataka have aggressively attracted FDI in R&D, and other states 
can emulate such examples.   

Dr. Taslimarif Saiyed, Chief Executive Officer of C-CAMP, Bengaluru, 
spoke about India's positioning as emerging leader in the biotech start-
up world and increasing valuation of the country's biotech industry.

He underlined the necessity for mid-stage funding for start-ups and 
collaborations with Venture Capitals (VC) and industry. “Models, 
where VCs & industry can partner with government including state 
governments to take early fruition to scale, should be incentivised,” he 
added.

“With health becoming more and more important globally along with 
agriculture and climate, the importance of biotech sector is rising, and 
an early stage funding for deep science and deep tech could help use 
this opportunity,” he pointed out.

“Experimentation is needed with STI governance policies inspired by 
successful grassroot implementation models,” Smt. Mugdha Sinha, 
Principal Secretary (S&T), Government of Rajasthan, advocated.

“Science should be posited as a service provider to all departments – an 
interphase connecting the dots, and policymakers need to be exposed to 
what science entails. Tier 2 industries that require government hand 
holding need to be identified,” she added.

Prof Amit Prashant, Director, IIT Gandhinagar, emphasised on 
strengthening the bridge between research organisations and the 
industry through collaborations with for translational research.

The panel of the conclave organised by the Department of Science & 
Technology, Government of India, jointly with the Government of 
Gujarat at Science City, Ahmedabad, served as a platform for 
exchanging ideas on funding mechanisms to strengthen investment in 
R&D. 

The 9th National Level Exhibition and Competition for INSPIRE Awards 
thThe 9  National Level Exhibition and Project Competition (NLEPC) of 

INSPIRE Awards – MANAK (Million Minds Augmenting National 
Aspirations and Knowledge) washeld at ITPO, Delhi,  where the 
exhibits of 556 students from schools across the country were displayed.

Dr. Akhilesh Gupta, Senior Advisor, Department of Science and 
Technology (DST), who inaugurated the exhibition, conducted a 
walkthrough of the exhibition and interacted with the students from all 
parts of the country who are exhibiting their innovations. The students 
explained their innovations and communicated their inherent merit to all 
visitors and jury members.

The innovations reflected a realization of national priorities like 
technologies for the differently abled, for cleanliness and sanitation, as 
well as local and day to day necessities like picking fruits and cutting 
onions without hurting the eyes. Few of them were digital technology-

related innovations that could contribute the digital economy.

On this occasion, Dr. Namita Gupta, Head – INSPIRE Awards & 
Scientist G, DST; Dr. Vipin Kumar, Director, NIF; Dr. Sandeep 
Bansal, Scientist DST; States / UT and District officials, and Teachers 
were also present along with the students.

The NLEPC is an important milestone under the annual INSPIRE 
Awards – MANAK (Million Minds Augmenting National Aspiration 
and Knowledge), a flagship scheme jointly implemented by the 
Department of Science and Technology (DST), Government of India, 
and the National Innovation Foundation (NIF) – India, an autonomous 
body of the DST.

During the year 2020-21, a total of 6.53 Lakh ideas and innovations 
were received from all States and UTs of the country.
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INSPIRE awards presented to 60 Start-Ups 

Union Minister of State (IC) Ministry of Science and Technology Dr 
Jitendra Singh presented INSPIRE awards to 60 Start-Ups and financial 
support to 53,021 students. The award is instituted by the Department of 
Science & Technology (DST), Govt of India, and these innovators will 
be extended complete incubation support for their entrepreneurship 
journey.

Dr Jitendra Singh said, during the year 2020-21, while the country like 
rest of the world was battling with the severe impact of COVID-19, the 
annual INSPIRE Awards – MANAK (Million Minds Augmenting 
National Aspiration and Knowledge) competition attracted an 
unprecedented 6.53 Lakh ideas and innovations from all States and UTs 
of the country. He said, the scheme touched an unparalleled level of 
inclusivity by representing ideas and innovations of 702 districts of the 
country (96%) including 123 out of 124 aspirational districts, 51% 
representation from girls, 84% participation from schools located in 
rural areas of the country and 71% of the schools run by the State / UT 
Governments.

Dr Jitendra Singh informed that out of 6.53 lakhs, a total of 53,021 
students were identified for financial support of Rs 10,000 each so that 
they could develop prototypes of the ideas which they submitted for the 
scheme. As a next step, they competed at respective District Level 
Exhibition and Project Competition (DLEPC's) and State Level 
Exhibition and Project Competition (SLEPC's) and now a total of 556 

thstudents have made their way to 9  National Level Exhibition and 
Project Competition (NLEPC). The minister said, these 556 students 
who will be part of NLEPC, are the country's most promising Scientists, 
Researchers, Scholars and an overall group of S&T talent in the making. 
He said, their innovations have a societal focus which gives India an 
opportunity to solve the problems by application of S&T. The Minister 
informed that dedicated mentoring workshops are organized at the top 
Technological Institutes of our country like the IIT's, BITS, NIT's etc 
for these students, which will not only raise their exposure level to the 
latest trends in Science, Technology and Innovation (STI) but also 
coach them to make right decisions for their innovative technologies and 
gain an insight into what is going to help their innovation most.

Every year, from all recognized eligible schools, amongst the school 
th thstudents of 10-15 years of age, studying in class VI  to X , a million 

ideas are aimed to be scouted and a lakh to be identified for further 
value addition and an opportunity to compete and move ahead on 
account of their inherent merit in their incubation trajectories. The 
awards jointly implemented by Department of Science and Technology 
(DST), Government of India and the National Innovation Foundation 
(NIF) – India is a flagship scheme of the Government of India for 
nurturing the ideas and innovations of school students and motivate 
them to pursue Science and a career in Research. The scheme aims to 
help build a critical human resource pool for strengthening, expanding 
the science and technology system and increase the research & 
development base on the same, the Minister added.

Secretary, DST Dr S. Chandrasekhar said, to ascertain their value 
proposition and to mentor students at each stage, a series of District 
Level Exhibition and Project Competition (DLEPC) for each District 
in the country, followed by a series of State Level Exhibition and 
Project Competition (SLEPC) for each State / UT are organized. 
Students get an opportunity to present their innovations, articulate the 
merit of their ideas and thoughts, build confidence, gain knowledge of 
Science and Technology like never before and finally, about a thousand 
students are aimed to be invited annually to participate in the NLEPC 
(National Level Exhibition and Project Competition). As an outcome 
of NLEPC, a total of 60 innovative ideas and innovations are desired to 
be identified, recognized and rewarded which will be extended a 
complete incubation support so that their entrepreneurship journey 
could also begin.

556 students have made their way to 9th National Level Exhibition and Project Competition as 

country's most promising Scientists, Researchers, Scholars and an overall group of S&T talent in 

the making: Dr Jitendra Singh

These innovators will be 

extended complete incubation 

support for their 

entrepreneurship journey
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Study finds subtle structural brain alterations in youth 
with suicidal behaviours
Suicide is the second leading cause of death in the United States for 
young people from the age of 10 up to 33. Tragically, the number of 
suicide attempts among children and adolescents has continued to 
increase despite national and international prevention efforts. 
Collaborative research where specialists all over the world work 
together is needed to advance our understanding of the complex nature 
of suicidal thoughts and behaviors, and ultimately, to develop better 
interventions and preventions.

A new study by a global team of researchers including Neda Jahanshad, 
PhD, of the Keck School of Medicine of USC's Mark and Mary Stevens 
Neuroimaging and Informatics Institute (Stevens INI), has revealed 
subtle alterations in the size of the brain's prefrontal region in young 
people with mood disorders and suicidal thoughts and behaviors. The 
study was recently published in Molecular Psychiatry.

“Along with my colleagues at the Stevens INI, an international team of 
neuroscientists, psychologists, and psychiatrists came together under 
the ENIGMA Suicidal Thoughts and Behaviors (ENIGMA-STB) 
working group a National Institute of Mental Health-funded part of the , 
ENIGMA Consortium, in order to pool together the amount of data this 
type of study requires. Suicidal behaviors occur across many mental 
illnesses, so instead of focusing on a single illness in small samples, we 
pulled together researchers who had data on suicidal behaviors in young 
people and coordinated a large-scale team science initiative to compare 
data across the disorders, here, with a focus on youth,” said Jahanshad.

“Benefitting from the large dataset that we had available, we were able 
to perform analyses in multiple subsamples,” detailed Laura van Velzen, 
PhD, postdoctoral research fellow at the Centre for Youth Mental 
Health, University of Melbourne and first author on the study. “We 
started with data from a smaller group of young people with mood 
disorders for whom very detailed information about suicide was 
available. Next, we were able to look at larger and more diverse samples 
in terms of type of diagnosis and the instruments which were used to 
assess suicidal thoughts and behaviors. Our results show subtle 
alterations in the size of the frontal pole, a prefrontal region, in this first 
sample of young people, and suggest that these associations may be 
absent or more difficult to identify in more diverse samples. Besides 
revealing subtle alterations in prefrontal brain structure associated with 
suicidal behavior in young people, our study shows the strength of 
combining data from 21 international studies and the need for carefully 
harmonizing data across studies.”

“The structural brain differences that we found were very subtle, which 
means that most people with a history of suicidal behaviors have brains 
that are not very different from people without a history of suicidal 
behaviors, which is reassuring,” van Velzen added. “However, the 
subtle differences that we found do provide us with a better 
understanding of the mechanisms involved in suicidal behaviors and 
may eventually provide important targets for the next generation of 
more effective suicide prevention strategies.”

Equipped with these results, the research team is calling attention to the 
pressing need for more studies of this scope. Ongoing work by the same 
group will include expanded analysis, with the goal of including 
additional age groups and exploring other features, such as brain 
connectivity.

“The study provides evidence to support a hopeful future in which we 

will find new and improved ways to reduce risk of suicide. It is especially 
hopeful that scientists, such as our co-authors on this paper, are coming 
together in larger collaborative efforts that hold terrific promise,” said 
Lianne Schmaal, PhD, Associate Professor, University of Melbourne, 
co-author on the study.

In addition to her research work for the ENIGMA consortium at the 
Stevens INI, Jahanshad also takes a social approach to her work on 
mental illness. She serves as the faculty sponsor for Trojan Support, a 
peer organization providing an opportunity for students to connect with 
trained fellow Trojans for support and thoughtful conversation to 
promote mental and emotional wellness.  Jahanshad mentored Trojan 
Support President and Founder Armand Amini, while he researched 
brain mapping to better understand suicide risk factors at the Stevens 
INI. Amini decided to create the organization after recognizing the need 
for a peer group for those uncomfortable with seeking professional help.

“This study exemplifies the power of researchers like Dr. Jahanshad and 
her colleagues, who seek to unite with specialists across the globe to 
better understand and amass significant amounts of data” says INI 
Director, Arthur W. Toga, PhD. “The goal of the ENIGMA Consortium 
is to bring researchers together from around the world so that we can 
combine existing data samples and really improve our power to examine 
the brain in these potentially devastating mental illnesses. Additionally, 
the collaborative efforts of our faculty and former students like Armand 
Amini show our commitment to putting our research to practical use to 
benefit the USC community and beyond.” 

Source: University of Southern California news release. Author: Sidney 
Taiko Sheehan

ENGIMA-STB aims to identify neurobiological variations associated 
with suicidal ideations and behaviors, to ultimately leverage 
information from brain structure, function, along with clinical and 
demographic factors, to predict the likelihood of a future suicidal 
attempt. (Image:USC Stevens INI)
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Sleepless and selfish: Lack of sleep makes us less 
generous
Humans help each other — it's one of the foundations of civilized 
society. But a new study by scientists at the University of California, 
Berkeley, reveals that a lack of sleep blunts this fundamental human 
attribute, with real-world consequences.

Lack of sleep is known to be associated with an increased risk of 
cardiovascular disease, depression, diabetes, hypertension and overall 
mortality. However, these new discoveries show that a lack of sleep also 
impairs our basic social conscience, making us withdraw our desire and 
willingness to help other people.

In one portion of the new study, the scientists showed that charitable 
giving in the week after the beginning of Daylight Saving Time, when 
residents of most states “spring forward” and lose one hour of their day, 
dropped by 10% — a decrease not seen in states that do not change their 
clocks or when states return to standard time in the fall.

The study, led by UC Berkeley research scientist Eti Ben Simon and 
Matthew Walker, a UC Berkeley professor of psychology, adds to a 
growing body of evidence demonstrating that inadequate sleep not only 
harms the mental and physical well-being of an individual, but also 
compromises the bonds between individuals — and even the altruistic 
sentiment of an entire nation.

“Over the past 20 years, we have discovered a very intimate link 
between our sleep health and our mental health. Indeed, we've not been 
able to discover a single major psychiatric condition in which sleep is 
normal,” Walker said. “But this new work demonstrates that a lack of 
sleep not only damages the health of an individual, but degrades social 
interactions between individuals and, furthermore, degrades the very 
fabric of human society itself. How we operate as a social species — and 
we are a social species — seems profoundly dependent on how much 
sleep we are getting.”

“We're starting to see more and more studies, including this one, where 
the effects of sleep loss don't just stop at the individual, but propagate to 
those around us,” said Ben Simon. “If you're not getting enough sleep, it 
doesn't just hurt your own well-being, it hurts the well-being of your 
entire social circle, including strangers.”

Ben Simon, Walker and colleagues Raphael Vallat and Aubrey Rossi 
will publish their results August 23 in the open access journal PLOS 
Biology. Walker is the director of the Center for Human Sleep Science. 
He and Ben Simon are members of the Helen Wills Neuroscience 
Institute at UC Berkeley.

Sleeplessness dampens theory of mind network

The new report describes three separate studies that assessed the impact 
of sleep loss on people's willingness to help others. In the first study, the 
scientists placed 24 healthy volunteers in a functional magnetic 
resonance imager (fMRI) to scan their brains after eight hours of sleep 
and after a night of no sleep. They found that areas of the brain that form 
the theory of mind network, which is engaged when people empathize 
with others or try to understand other people's wants and needs, were 
less active after a sleepless night.

“When we think about other people, this network engages and allows us 
to comprehend what other person's needs are: What are they thinking 
about? Are they in pain? Do they need help?” Ben Simon said. 
“However, this network was markedly impaired when individuals were 
sleep deprived. It's as though these parts of the brain fail to respond when 

we are trying to interact with other people after not getting enough 
sleep.”

In a second study, they tracked more than 100 people online over three or 
four nights. During this time, the researchers measured the quality of 
their sleep — how long they slept, how many times they woke up — and 
then assessed their desire to help others, such as holding an elevator door 
open for someone else, volunteering or helping an injured stranger on the 
street.

“Here, we found that a decrease in the quality of someone's sleep from 
one night to the next predicted a significant decrease in the desire to help 
other people from one subsequent day to the next,” Ben Simon said. 
“Those with poor sleep the night prior were the ones that reported being 
less willing and keen to help others the following day.”

The third part of the study involved mining a database of 3 million 
charitable donations in the United States between 2001 and 2016. Did 

the number of donations change after the transition to Daylight Saving 
Time and the potential loss of an hour of sleep? They found a 10% drop in 
donations. This same dent in compassionate gift-giving was not seen in 
regions of the country that did not change their clocks.

“Even a very modest 'dose' of sleep deprivation — here, just the loss of 
one single hour of sleep opportunity linked to daylight saving time — has 
a very measurable and very real impact on people's generosity and, 
therefore, how we function as a connected society,” Walker said. “When 
people lose one hour of sleep, there's a clear hit on our innate human 
kindness and our motivation to help other people in need.”

An earlier study by Walker and Ben Simon showed that sleep deprivation 
forced people to socially withdraw and become more socially isolated. A 
lack of sleep also increased their feelings of loneliness. Worse still, when 
those sleep-deprived individuals interacted with other people, they 
spread their loneliness to those other individuals, almost like a virus, 
Walker said.

“Looking at the big picture, we're starting to see that a lack of sleep results 
in a quite asocial and, from a helping perspective, anti-social individual, 
which has manifold consequences to how we live together as a social 
species,” he said. “A lack of sleep makes people less empathetic, less 
generous, more socially withdrawn, and it's infectious — there is 
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How changes in length of day change the brain and 
subsequent behaviour

Seasonal changes in light — longer days in summer, shorter in winter — 
have long been associated with human behaviors, affecting everything 
from sleep and eating patterns to brain and hormonal activity. Seasonal 
affective disorder (SAD) is a prime example: A type of depression 
related to diminished exposure to natural sunlight, typically occurring 
during winter months and more often at higher latitudes when daylight 
hours are shortest.

Bright light therapy has proven an effective remedy for treating SAD, 
plus maladies such as non-seasonal major depression, postpartum 
depression and bipolar disorder, but how seasonal changes in day length 
and light exposure affect and alter the brain at the cellular and circuit 
levels has kept scientists largely in the dark.

In a new study, published on September 2, 2022 in Science Advances, 
researchers at University of California San Diego School of Medicine 
used a mouse model to illuminate a process in which affected neurons 
switch expression of neurotransmitters in response to day length stimuli, 
triggering related behavioral changes. 

The work was led by senior study author Davide Dulcis, PhD, associate 
professor in the Department of Psychiatry at UC San Diego School of 
Medicine and a member of the Center for Circadian Biology at UC San 
Diego. 

Tucked within the hypothalamus of the human brain is a small structure 
called the suprachiasmatic nucleus (SCN), each consisting of 
approximately 20,000 neurons. (The average human brain contains 
roughly 86 billion neurons and another 85 billion non-neuronal cells.) 

The SCN is the body's timekeeper, regulating most circadian rhythms 
— physical, mental and behavioral changes that follow a 24-hour cycle 
and affect everything from metabolism and body temperature to when 
hormones are released. The SCN operates based on input from 
specialized photosensitive cells in retina, which communicate changes 

in light and day length to our body.

In the new study, Dulcis and colleagues describe how SCN neurons 
coordinate with each other to adapt to different lengths of daylight, 
changing at cellular and network levels. Specifically, they found that in 
mice, whose brains function similarly to humans, the neurons changed in 
mix and in expression of key neurotransmitters that, in turn, altered brain 
activity and subsequent daily behaviors. 

Seasonal changes in light exposure have also been shown to alter the 
number of neurotransmitter-expressing neurons in the paraventricular 
nucleus (PVN), a region of the brain that plays essential roles in 
controlling stress, metabolism, growth, reproduction, immune and other 
autonomic functions. 

“The most impressive new finding in this study is that we discovered 
how to artificially manipulate the activity of specific SCN neurons and 
successfully induce dopamine expression within the hypothalamic PVN 
network,” said Dulcis. 

“We revealed novel molecular adaptations of the SCN-PVN network in 
response to day length in adjusting hypothalamic function and daily 
behavior,” added first author Alexandra Porca, PhD, a member of Dulcis' 
lab. “The multi-synaptic neurotransmitter switching we showed in this 
study might provide the anatomical/functional link mediating the 
seasonal changes in mood and the effects of light therapy.”  

The authors suggest their findings provide a novel mechanism 
explaining how the brain adapts to seasonal changes in light exposure. 
And because the adaptation occurs within neurons exclusively located in 
the SCN, the latter represents a promising target for new treatments for 
disorders associated with seasonal changes in light exposure.  

Source: University of California San Diego news release. Author: Scott 
LaFee

contagion of loneliness.”

“The realization that the quantity and quality of sleep affects an entire 
society, caused by an impairment in prosocial behavior, may provide 
insights into our societal state of affairs in the present day,” Walker 
added.

This finding also offers a novel approach to improving these specific 
aspects of our society.

”Promoting sleep, rather than shaming people for sleeping enough, 
could very palpably help shape the social bonds we all experience every 
day,” Ben Simon said.

“Sleep, it turns out, is an incredible lubricant to prosocial, connected, 
empathic, kind and generous human behavior. In these divisive times, if 
there was ever a need for a strong, prosocial lubricant to enable the very 
best version of ourselves within society, now seems to be it,” said 
Walker, author of the international bestseller, Why We Sleep. “Sleep 

may be a wonderful ingredient that enables the alacrity of helping 
between human beings.”

“Sleep is essential for all aspects of our physical, mental and emotional 
lives,” Ben Simon said. “When sleep is undervalued in society, not only 
do we get sleep-deprived doctors, nurses and students, but we also suffer 
from unkind and less empathic interactions on a daily basis.”

In developed countries, more than half of all people report getting 
insufficient sleep during the work week.

“It is time as a society to abandon the idea that sleep is unnecessary or a 
waste and, without feeling embarrassed, start getting the sleep that we 
need,” she added. “It is the best form of kindness we can offer ourselves, 
as well as the people around us.”

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

Sleepless and selfish. continued from previous page.
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A novel method for monitoring the 'engine' of 
pregnancy

A study published in Nature Biomedical Engineering details a novel 
method for imaging the placenta in pregnant patients as well as the 
results of a pilot clinical study. By combining optical measurements 
with ultrasound, the findings show how oxygen levels can be monitored 
noninvasively and provides a new way to generate a better 
understanding of this complex, crucial organ. This research was the 
result of a collaboration of the groups of the University of 
Pennsylvania's Arjun Yodh and Nadav Schwartz with colleagues from 
the Children's Hospital of Philadelphia (CHOP) and was led by postdoc 
Lin Wang.

Schwartz describes the placenta as the “engine” of pregnancy, an organ 
that plays a crucial role in delivering nutrients and oxygen to the fetus. 
Placental dysfunction can lead to complications such as fetal growth 
restriction, preeclampsia, and stillbirth. To increase knowledge about 
this crucial organ, the National Institute of Child Health and Human 
Development launched the Human Placenta Project in 2014. One focus 
of the program is to develop tools to assess human placental structure 
and function in real time, including optical devices.

For three years, the researchers optimized the design of their instrument 
and tested it in preclinical settings. The process involved integrating 
optical fibers with ultrasound probes, exploring various ultrasound 
transducers, and improving the multimodal technology so that 
measurements were stable, accurate, and reproducible while collecting 
data at the bedside. The resulting instrumentation now enables 
researchers to study the anatomy of the placenta while also collecting 
detailed functional information about placenta blood flow and 
oxygenation, capabilities that existing commercially devices do not 
have, the researchers say.

Because the placenta is located far below the body's surface, one of the 
key technical challenges addressed by Wang, a postdoc in Yodh's lab, 
was reducing background noise in the opto-electronic system. Light is 
scattered and absorbed when it travels through thick tissues, Yodh says, 
and the key for success was to reduce background interference so that 
the small amount of light that penetrates deep into the placenta and then 
returns is still large enough for a high-quality measurement.

“We're sending a light signal that goes through the same deep tissues as 
the ultrasound. The extremely small amount of light that returns to the 
surface probe is then used to accurately assess tissue properties, which is 
only possible with very stable lasers, optics, and detectors,” says Yodh. 
“Lin had to overcome many barriers to improve the signal-to-noise ratio 
to the point where we trusted our data.”

Notably, the paper also describes the results of a pilot study where 24 
pregnant patients in their third trimester were given supplemental 
oxygen for a short time period, creating placental hyperoxia. Using the 
device, the team collected measurements of the placenta's oxygenated 
and deoxygenated blood concentrations before and during hyperoxia; 
the results demonstrated that the device could be used to study placental 
function in real time. The research also provided new insights into the 
relationship between blood flow and maternal vascular malperfusion, 
which occurs when blood flow into the placenta is impeded.

“Not only do we show that oxygen levels go up when you give the mom 
oxygen, but when we analyze the data, both for clinical outcomes and 

pathology, patients with maternal vascular malperfusion did not have as 
much of an increase in oxygen compared to patients with normal 
placentas,” says Schwartz. “What was exciting is that, not only did we 
get an instrument to probe deeper than commercial devices, but we also 
obtained an early signal that hyperoxygenation experiments can 
differentiate a healthy placenta from a diseased placenta.”

While the device is still in development, the researchers are currently 
refining their instrument to make it more user-friendly and to allow it to 
collect data faster. The team is also currently working on larger studies, 
including recently data from patients during their second trimester, and 
they are also interested in studying different regions of the placenta. 
“From an instrumentation perspective, we want to make the operation 

more user-friendly, and then we want to carry out more clinical studies,” 
Wang says about the future of this work. “We have lots of interesting 
ideas.”

And because there are many unanswered clinical questions about the 
placenta, for Schwartz the biggest potential of this work is in providing a 
way to start answering those questions. “Without being able to study the 
placenta directly, we are relying on very indirect science,” he says. “This 
is a tool that helps us study the underlying physiology of pregnancy so we 
can more strategically study interventions that can help support good 
pregnancy outcomes.”

Source: University of Pennsylvania news release. Author: Erica K. 
Brockmeier

Combining optical measurements with ultrasound, an interdisciplinary 
team from the School of Arts & Sciences, Perelman School of Medicine, 
and CHOP developed a device to better measure blood flow and 
oxygenation in the placenta. (Image: Lin Wang)
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Female monkeys with female friends live longer

UCLA professor Susan Perry and her team of researchers reveal their 
findings on capuchin monkeys and social integration

Female white-faced capuchin monkeys living in the tropical dry forests 
of northwestern Costa Rica may have figured out the secret to a longer 
life — having fellow females as friends.

“As humans, we assume there is some benefit to social interactions, but 
it is really hard to measure the success of our behavioral strategies,” said 
UCLA anthropology professor and field primatologist Susan Perry. 
“Why do we invest so much in our relationships with others? Does it 
lead to a longer lifespan? Does it lead to more reproductive success? It 
requires a colossal effort to measure this in humans and other animals.”

Perry would know. Since 1990, she has been directing Lomas Barbudal 
Capuchin Monkey Project in Guanacaste, Costa Rica, where her team of 
researchers document the daily life of hundreds of large-brained 
monkeys. While chimpanzees and orangutans are more closely related 
to humans, the white-faced capuchin monkey has highly sophisticated 
social structures that influence behavior and are passed to others.

Throughout the year, Perry's team of graduate students, postdoctoral 
students, international volunteers and local researchers, trek into the 
forest for 13-hour days of observation to try to draw conclusions that 
may help us understand our own relationships, culture and other 
behaviors.

Female-female relationships matter

The latest findings, published recently in Behavioral Ecology, honed in 
on the relationship between female capuchins' social integration and 
survival. The authors tracked the female monkeys' interactions with 
other females, males and companions of any sex and age, based on 18 
years of data. Lead author Kotrina Kajokaite earned her bachelor's, 
master's and doctorate at UCLA while working with the monkey project 
data under Perry's supervision.

Their key finding — adult female capuchins who are better integrated 
into social networks with other adult females survive longer.

Interactions counted in the study included giving and receiving 
grooming, foraging nearby, and taking part in coalitionary conflicts — 
intervening to help one another in conflicts by fighting, chasing, or 
making aggressive sounds and facial expressions.

There was no evidence that heterosexual relationships provided any 
survival-related benefits to females, at least regarding the types of 
behaviors measured in this study. But this doesn't rule out the possibility 
that some adult females might benefit from social interactions with one 
or a few male partners who co-reside with them for long periods of time.

While there is also some evidence that females who were more socially 
integrated into their overall group survived longer, the overwhelming 
conclusion from the research is that female-female relationships had the 
greatest impact on survival.

Testing friendship through rituals

In a different study published in a special journal of the Royal Society, 
Perry's team observed white-faced capuchin monkeys engaging in 

socially learned human-like rituals. Among the interactions: inserting a 
finger into the mouth, eye, nostril or ear of a social partner; prying open 
each other's mouths or hand to conduct a detailed inspection of its 
contents; passing an object back and forth from mouth to mouth in a 
gentle tug-o-war; and clasping each other's hands.

Other rituals observed included cupping the hand over some part of the 
partner's face, sucking on an appendage belonging to the partner and 
using the partner's back or belly as a drum to create loud, rhythmic 
noises. Some of these rituals went on for up to 30 minutes, even though 
some include uncomfortable elements that might be expected to annoy a 
partner.

How do these behaviors function in the lives of these animals and what — 
if anything — can they tell us about the evolution of ritual behaviors in 
humans?

The rituals are used to test the quality of friendships and alliances and are 
particularly prevalent in pairs of monkeys uncertain of the current status 
of their relationship, Perry said. They're most often performed by pairs 
that rarely interact; the rituals are also most often used by monkeys with a 
history of primarily friendly interactions.

Although the capuchin rituals have nearly all the elements present in 
anthropologists' and psychologists' definitions of rituals, they differ from 
humans in that they are not performed simultaneously by all members of 
a group. Perry said the psychology behind the nonhuman primates' bond-
testing may have been an evolutionary precursor to the more group-
oriented form of humans' ritual practices.

Source: UCLA news release

Female white-faced capuchin monkeys living in the tropical dry forests of northwestern Costa Rica 
may have figured out the secret to a longer life.

Courtesy of Susan Perry
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Researchers construct most complex, complete 
synthetic microbiome
Key studies in the last decade have shown that the gut microbiome, the 
collection of hundreds of bacterial species that live in the human 
digestive system, influences neural development, response to cancer 
immunotherapies, and other aspects of health. But these communities 
are complex and without systematic ways to study the constituents, the 
exact cells and molecules linked with certain diseases remain a mystery.

Stanford University researchers have built the most complex and well-
defined synthetic microbiome, creating a community of over 100 
bacterial species that was successfully transplanted into mice. The 
ability to add, remove, and edit individual species will allow scientists to 
better understand the links between the microbiome and health, and 
eventually develop first-in-class microbiome therapies.

Many key microbiome studies have been done using fecal transplants, 
which introduce the entire, natural microbiome from one organism to 
another. While scientists routinely silence a gene or remove a protein 
from a specific cell or even an entire mouse, there is no such set of tools 
to remove or modify one species among the hundreds in a given fecal 
sample.

“So much of what we know about biology, we wouldn't know if it 
weren't for the ability to manipulate complex biological systems 
piecewise,” said Michael Fischbach, Institute Scholar at Sarafan 
ChEM-H and corresponding author on the study, published in Cell on 
Sept. 6.

Fischbach, who is an associate professor of bioengineering and of 
microbiology and immunology, and others saw one solution: Build a 
microbiome from scratch by growing individually and then mixing its 
constituent bacteria.

Building the ark

Each cell in the microbiome occupies a specific functional niche, 
performing reactions that break down and build up molecules. To build a 
microbiome, the team had to ensure that the final mixture was not only 
stable, maintaining a balance without any single species overpowering 
the rest, but also functional, performing all the actions of a complete, 
natural microbiome. Selecting species to include in their synthetic 
community was also difficult given the natural variation across 
individuals; two people selected at random share less than half of their 
microbial genes.

The researchers, including a team from the Chan Zuckerberg Biohub, 
decided to build their colony from the most prevalent bacteria and 
turned to the Human Microbiome Project (HMP), a National Institutes 
of Health initiative to sequence the full microbial genomes of over 300 
adults.

“We were looking for the Noah's Ark of bacterial species in the human 
gut, trying to find the ones that were almost always there in any 
individual,” said Fischbach.

They selected over 100 bacterial strains that were present in at least 20% 
of the HMP individuals. Adding a few species needed for some 
subsequent studies brought them to 104 species, which they grew in 
individual stocks and then mixed into one combined culture to make 
what they call human community one, or hCom1.

Though satisfied that the strains could coexist in the lab, the true test was 
whether their new colony would take root in the gut. They introduced 

hCom1 to mice that are carefully designed to have no bacteria present. 
hCom1 was remarkably stable, with 98% of the constituent species 
colonizing the gut of these germ-free mice, and the relative abundance 
levels of each species remaining constant over two months.

Foreign invasion

To make their colony more complete, the researchers wanted to make 
sure that all vital microbiome functions would be performed by one or 
more species. They relied on a theory called colonization resistance, 
which explains that any bacterium, when introduced into an existing 
colony, will only survive if it can fill a niche not already occupied.

By introducing a complete microbiome, in the form of a human fecal 
sample, to their colony and tracking any new species that took up 
residence, they could build a more complete community.

Some were skeptical that this would work. “The bacterial species in 
hCom1 had lived together for only a few weeks,” said Fischbach. “Here 
we were, introducing a community that had coexisted for a decade. Some 
people thought they would decimate our colony.”

Remarkably, hCom1 held its own, and only about 10% of cells in the 
final community came from the fecal transplant.

They found over 20 new bacterial species that inserted themselves in at 
least two of their three fecal transplant studies. Adding those to their 
initial community and removing those that failed to take root in mouse 
guts gave them a new community of 119 strains, dubbed hCom2. This 
second iteration, still made from individually growing and then mixing 
the constituents, made mice even more resistant to fecal challenges than 
the first.

Final challenge

To demonstrate the utility of their synthetic microbiome, the team took 
hCom2-colonized mice and challenged them with a sample of E. coli. 
These mice, like those that were colonized with a natural microbiome, 
resisted infection.

Prior studies have shown that a healthy natural microbiome leads to 
protection, but Fischbach and colleagues could take this a step further by 
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Researchers discover how salt increases blood 
pressure

Dietary salt increases blood pressure in some people, putting them at 
higher risk for cardiovascular disease and death.

A Vanderbilt-led research team has now discovered that activation of the 
NLRP3 inflammasome — a protein complex involved in the 
inflammatory response — in immune cells contributes to salt-sensitive 
hypertension. The findings, reported in Circulation Research, suggest 
new ways to diagnose and treat this condition.

About 50% of people who have hypertension have an exaggerated 
increase in blood pressure after consuming a salty meal, as do 25% of 
people with normal blood pressure, said Annet Kirabo, DVM, MSc, 
PhD, associate professor of Medicine and senior author of the study.

“The increase in blood pressure in response to salt can be significant 
enough to cause a heart attack, stroke, and even sudden cardiac death, 
and yet it's undiagnosed and goes untreated. It's a silent killer,” said 
Kirabo, who is also associate professor of Molecular Physiology and 
Biophysics.

The percent of affected elderly and African American people is even 
higher — up to 75%, she added.

Kirabo and her colleagues have been exploring the novel role of immune 
cells in salt-sensitive hypertension. They previously discovered that the 
sodium channel ENaC mediates salt entry into immune cells, leading to 
the formation of reactive molecules called isolevuglandins and an 
inflammatory, autoimmune-like state in hypertension.

In the current studies led by postdoctoral fellow Ashley Pitzer, PhD, the 
group used an inpatient protocol of salt loading and depletion to 
rigorously characterize volunteers as salt-sensitive or not and study 
responses in their blood cells.

They found that the NLRP3 inflammasome in a specific subtype of 
monocytes (immune cells) changed dynamically in salt-sensitive 
people, increasing with salt intake and blood pressure. With data from 

human volunteers in hand, the researchers turned to mouse models to 
study the mechanism.

Inhibiting or removing the inflammasome eliminated the salt sensitivity 
of blood pressure, and adding it back (by transferring blood cells) 
restored salt sensitivity. They showed that inflammasome activation is 
dependent on salt entry through the ENaC channel and on production of 
isolevuglandins.

Pitzer noted that it might be possible to develop a blood test for salt 
sensitivity of blood pressure.

“We could look at inflammasome activation in these immune cells as a 
potential biomarker to find out if a patient — with or without high blood 
pressure — is salt sensitive or not,” Pitzer said. “That could give 
clinicians another tool for reducing someone's cardiovascular risks in the 
future.”

Kirabo said the findings suggest that researchers should look more 
closely at inhibitors of ENaC and IL-1beta, an inflammatory cytokine 
produced by the inflammasome. ENaC inhibition has limited efficacy in 
the treatment of hypertension in the general population, and a previous 
clinical trial did not show efficacy of blocking IL-1beta on reducing 
blood pressure — although this trial did not diagnose volunteers for salt 
sensitivity. Such inhibitors may work to reduce cardiovascular disease 
risk in people with salt sensitivity.

“We should be taking a precision medicine approach to treat the 50% of 
people with hypertension who are salt sensitive and the 25% of people 
who don't have high blood pressure and don't know they have this risk of 
dying suddenly,” Kirabo said. “This is a targetable phenotype.”

The researchers are working to understand how components of the 
pathway in immune cells are regulated and to characterize the ENaC 
channel in these cells.

“ENaC in immune cells is completely different from ENaC in the 
kidney,” Kirabo said. “If we can specifically target the ENaC in immune 
cells, we may be able to cure salt sensitivity of blood pressure.”

Source: Vanderbilt University news release. Author: Leigh MacMillan

iteratively eliminating or modifying certain strains to determine which 
ones specifically conferred protection. They found several key bacteria 
and plan to conduct further studies to narrow down to the most critical 
species.

Fischbach believes that hCom2, or future versions of it, will enable 
similar reductionist studies that reveal the bacterial agents involved in 
other areas, like immunotherapy responses.

“We built this consortium for the broader research community. We want 
to get this into as many hands as possible to have an impact on the field,” 
said Fischbach.

Source: Stanford University news release. Author: Rebecca Mcclellan

Researchers construct .. continued from previous page 

Research team has discovered that activation of the NLRP3 inflammasome  in immune 
cells contributes to salt-sensitive hypertension.
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The Earth's newest secret

It isn't every day that we learn something that fundamentally changes 
how we understand our world. But for UC Santa Barbara Earth scientist 
Matthew Jackson and the thousands of volcanologists across the globe, 
such a revelation has occurred.

While sampling magma from the Fagradalsfjall volcano in Iceland, 
Jackson and his collaborators uncovered a process far more dynamic 
than anyone had assumed in the two centuries scientists have been 
studying volcanoes.

“Just when I think we've gotten close to figuring out how these 
volcanoes work, we get a big surprise,” he said.

The geologists' findings are published in the journal Nature.

10,000 Years in a Month

It took a sabbatical, a pandemic and 780 years of melting subterranean 
rock to put Jackson in the right place and time to witness the birth of 
Fagradalsfjall, a fissure in the lowlands of southwest Iceland that split 
and exploded with magma in March 2021. By that time, he said, 
everyone on the Reykjanes Peninsula was ready for some kind of 
eruption.

“The earthquake swarm was intense,” he said of the 50,000 or so 
temblors — some magnitude 4 and higher — that shook the earth for 
weeks and kept most of Iceland's population on edge.

But the sleep deprivation was worth it, and crankiness turned into 
fascination as lava bubbled up and spattered from the hole in the ground 
of the relatively empty Geldingadalur region. Scientists and visitors 
alike flocked to the area to see the newest section of the Earth's crust 
form. They were able to get close enough to sample the lava 
contonuously from the start, thanks to winds that blew the noxious gases 
away, and the lava's slow flow.

What the geologists, led by Sæmundur Halldórsson at the University of 
Iceland, were trying to find out was “how deep in the mantle the magma 
originated, how far beneath the surface it was stored before the eruption 
and what was happening in the reservoir both before and during the 
eruption.” Questions like these, though fundamental, are actually some 
of the biggest challenges for those who study volcanoes, due to the 
unpredictability of the eruptions, the danger and extreme conditions, 
and the remoteness and inaccessibility of many active sites.

“The assumption was that a magma chamber fills up slowly over time, 
and the magma becomes well mixed,” Jackson explained. “And then it 
drains over the course of the eruption.” As a result of this well-defined 
two-step process, he added, those studying volcanic eruptions do not 
expect to see significant changes in the chemical composition of the 
magma as it flows out of the earth.

“This is what we see at Mount Kīlauea, in Hawaii,” he said. “You'll have 
eruptions that go on for years, and there will be minor changes over time.

“But in Iceland, there was more than a factor of 1,000 higher rates of 
change for key chemical indicators,” Jackson continued. “In a month, 
the Fagradalsfjall eruption showed more compositional variability than 
the Kīlauea eruptions showed in decades. The total range of chemical 
compositions that were sampled at this eruption over the course of the 
first month span the entire range that has ever erupted in southwest 
Iceland in the last 10,000 years.”

According to the scientists, this variability is a result of subsequent 

batches of magma flowing into the chamber from deeper in the mantle.

“Picture a lava lamp in your mind,” Jackson said. “You have a hot 
lightbulb at the bottom, it heats up a blob and the blob rises, cools and 
then sinks. We can think of the Earth's mantle — from the top of the core 
to under the tectonic plates — operating much like a lava lamp.” As the 
heat causes regions of the mantle to rise and plumes form and move 
buoyantly upward toward the surface, he explained, molten rock from 
these plumes accumulates in chambers and crystallizes, gases escape 
through the crust and the pressure builds until the magma finds a way to 
escape.

For the first few weeks, as described in the paper, what erupted was the 
expected “depleted” magma type that had been accumulating in the 
reservoir, located about 10 miles (16 km) below the surface. But by 
April, evidence showed that the chamber was being recharged by deeper, 
“enriched” type melts with a different composition that were sourced 
from a different region of the upwelling mantle plume beneath Iceland. 
This new magma had a less modified chemical composition, with a 
higher magnesium content and a higher proportion of carbon dioxide 
gas, indicating that fewer gases from this deeper magma had escaped. By 

May, the magma that dominated the flow was the deeper, enriched type. 
These rapid, extreme changes in magma composition at a plume-fed 
hotspot, they say, “have never before been observed in near real-time.”

These changes in composition may not be so rare, Jackson said; it's just 
that opportunities to sample eruptions at such an early stage are not 
common. For example, prior to the 2021 Fagradalsfjall eruption, the most 
recent eruptions on Iceland's Reykjanes peninsula occurred eight 
centuries ago. He suspects that this new activity signal the start of a new, 
possibly centuries-long volcanic cycle in southwest Iceland.

“We often don't have a record of the first stages of most eruptions because 
these get buried by lava flows from the later stages,” he said. This project, 
according to the researchers, allowed them to see for the first time a 
phenomenon that was thought to be possible but had never been 
witnessed directly.

For the scientists, this result presents a “key constraint” in how models of 
volcanoes around the world will be built, though it is not yet clear how 
representative this phenomenon is of other volcanoes, or what role it 
plays in triggering an eruption. For Jackson, it's a reminder that the Earth 
still has secrets to yield.

“So when I go out to sample an old lava flow, or when I read or write 
papers in the future,” he said, “it'll always be on my mind: This might not 
be the complete story of the eruption.”

Source: UC Santa Barbara news release. Author: Sonia Fernandez

Recent findings from Iceland's Fagradalsfjall eruptions change what we know about how volcanoes work.
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Mimicking termites to generate new materials
Inspired by the way termites build their nests, researchers at Caltech 
have developed a framework to design new materials that mimic the 
fundamental rules hidden in nature's growth patterns. The researchers 
showed that, using these rules, it is possible to create materials designed 
with specific programmable properties.

The research, led by Chiara Daraio, G. Bradford Jones Professor of 
Mechanical Engineering and Applied Physics and Heritage Medical 
Research Institute Investigator, was published in the journal Science on 
August 26.

"Termites are only a few millimeters in length, but their nests can stand 
as high as 4 meters—the equivalent of a human constructing a house the 
height of California's Mount Whitney," says Daraio. If you peer inside a 
termite nest you will see a network of asymmetrical, interconnected 
structures, like the interior of a loaf of bread or a sponge. Made of sand 
grains, dust, dirt, saliva, and dung, this disordered, irregular structure 
appears arbitrary, but a termite nest is specifically optimized for stability 
and ventilation.

"We thought that by understanding how a termite contributes to the 
nest's fabrication, we could define simple rules for designing architected 
materials with unique mechanical properties," says Daraio. Architected 
materials are foam-like or composite solids that comprise the building 
blocks that are then organized into 3-D structures, from the nano- to the 
micrometer scale. Up to this point, the field of architected materials has 
primarily focused on periodic architectures—such architectures contain 
a uniform geometry unit cell, like an octahedron or cube, and then those 
unit cells are repeated to form a lattice structure. However, focusing on 
ordered structures has limited the functionalities and use of architected 
materials.

"Periodic architectures are convenient for us engineers because we can 
make assumptions in the analysis of their properties. However, if we 
think about applications, they are not necessarily the optimal design 
choice," says Daraio. Disordered structures, like that of a termite nest, 
are more prevalent in nature than periodic structures and often show 
superior functionalities, but, until now, engineers had not figured out a 
reliable way to design them.

"The way we first approached the problem was by thinking of a termite's 
limited number of resources," says Daraio. When it builds its nest, a 
termite does not have a blueprint of the overall nest design; it can only 
make decisions based on local rules. For example, a termite may use 
grains of sand it finds near its nest and fit the grains together following 
procedures learned from other termites. A round sand grain may fit next 
to a half-moon shape for increased stability. Such basic rules of 
adjacency can be used to describe how to build a termite nest. "We 
created a numerical program for materials' design with similar rules that 
define how two different material blocks can adhere to one another," she 
says.

This algorithm, which Daraio and team dub the "virtual growth 
program," simulates the natural growth of biological structures, or the 
fabrication of termite nests. Instead of a grain of sand or speck of dust, 
the virtual growth program uses unique materials' geometries, or 
building blocks, as well as adjacency guidelines for how those building 
blocks can attach to each other. The virtual blocks used in this initial 
work include an L shape, an I shape, a T shape, and a + shape. 
Additionally, the availability of each building block is given a defined 
limit, paralleling the limited resources a termite might encounter in 
nature. Using these constraints, the program builds out an architecture 

on a grid, and then those architectures can be translated into 2-D or 3-D 
physical models.

"Our goal is to generate disordered geometries with properties defined 
by the combinatory space of some essential shapes, like a straight line, a 
cross, or an 'L' shape. These geometries can then be 3-D printed with a 
variety of different constitutive materials depending on applications' 
requirements," says Daraio.

Mirroring the randomness of a termite nest, each geometry created by 
the virtual growth program is unique. Changing the availability of L-
shaped building blocks, for instance, results in a new set of structures. 
Daraio and team experimented with the virtual inputs to generate more 
than 54,000 simulated architected samples; the samples could be 
clustered into groups with different mechanical characteristics that 
might determine how a material deforms, its stiffness, or its density. By 
graphing the relationship between the building-block layout, the 
availability of resources, and the resulting mechanical features, Daraio 
and team can analyze the underlying rules of disordered structures. This 
represents a completely new framework for materials analysis and 
engineering.

"We want to understand the fundamental rules of materials' design to 
then create materials that have superior performances compared to the 

ones we currently use in engineering," says Daraio. "For example, we 
envision the creation of materials that are more lightweight but also more 
resistant to fracture or better at absorbing mechanical impacts and 
vibrations."

The virtual growth program explores the uncharted frontier of disordered 
materials by emulating the way a termite builds its nest rather than 
replicating the configuration of the nest itself. "This research aims at 
controlling disorder in materials to improve mechanical and other 
functional properties using design and analytical tools not exploited 
before," says Daraio.

The paper is titled "Growth rules for irregular architected materials with 
programmable properties." In addition to Daraio, former Caltech postdoc 
Ke Liu and former undergraduate Rachel Sun (BS '21) are co-authors. 
Sun worked on this project as a student in the 2020 Caltech Summer 
Undergraduate Research Fellowship (SURF) program. Funding was 
provided by the National Science Foundation, the Caltech Carver Mead 
New Adventures Fund, the Caltech SURF program, and Peking 
University College of Engineering.

Source: Source: California Institute of Technology news release. Author: 
Ben Peltz.
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Simple method destroys dangerous 'forever chemicals,' 
making water safe

World's water tainted. Synthetic PFAS, which have been linked to 
cancer and other diseases, have contaminated nearly every drop of water 
on the planet.

Unbreakable bond. These chemicals contain a carbon-fluorine bond that 
is almost impossible to break, making it extremely difficult to eradicate 
them from water supplies.

Off with their heads! Researchers devised a “guillotine” solution that 
uses moderate heat and inexpensive reagents to remove the “heads” of 
PFAS, initiating their destruction.

If you're despairing at recent reports that Earth's water sources have been 
thoroughly infested with hazardous human-made chemicals called 
PFAS (per- and polyfluoroalkyl substances) that can last for thousands 
of years, making even rainwater unsafe to drink, there's a spot of good 
news.

Chemists at UCLA and Northwestern University have developed a 
simple way to break down almost a dozen types of these nearly 
indestructible “forever chemicals” at relatively low temperatures with 
no harmful byproducts. 

In a paper published in the journal Science, the researchers show that in 
water heated to just 176 to 248 degrees Fahrenheit, common, 
inexpensive solvents and reagents severed molecular bonds in PFAS 
that are among the strongest known and initiated a chemical reaction 
that “gradually nibbled away at the molecule” until it was gone, said 
UCLA distinguished research professor and co-corresponding author 
Kendall Houk.

The simple technology, the comparatively low temperatures and the 
lack of harmful byproducts mean there is no limit to how much water can 
be processed at once, Houk added. The technology could eventually 
make it easier for water treatment plants to remove PFAS from drinking 
water.

Per- and polyfluoroalkyl substances — PFAS for short — are a class of 
around 12,000 synthetic chemicals that have been used since the 1940s 
in nonstick cookware, waterproof makeup, shampoos, electronics, food 
packaging and countless other products. They contain a bond between 
carbon and fluorine atoms that nothing in nature can break.

When these chemicals leach into the environment through 
manufacturing or everyday product use, they become part of the Earth's 
water cycle. Over the past 70 years, PFAS have contaminated virtually 
every drop of water on the planet, and their strong carbon-fluorine bond 
allows them to pass through most water treatment systems completely 
unharmed. They can accumulate in the tissues of people and animals 
over time and cause harm in ways that scientists are just beginning to 
understand. Certain cancers and thyroid diseases, for example, are 
associated with PFAS. 

For these reasons, finding ways to remove PFAS from water has 
become particularly urgent. Scientists are experimenting with many 
remediation technologies, but most of them require extremely high 
temperatures, special chemicals or ultraviolet light and sometimes 

produce byproducts that are also harmful and require additional steps to 
remove.

Leading PFAS to the guillotine

Northwestern chemistry professor William Dichtel and doctoral student 
Brittany Trang noticed that while PFAS molecules contain a long “tail” 
of stubborn carbon-fluorine bonds, their “head” group often contains 
charged oxygen atoms, which react strongly with other molecules. 
Dichtel's team built a chemical guillotine by heating the PFAS in water 
with dimethyl sulfoxide, also known as DMSO, and sodium hydroxide, 
or lye, which lopped off the head and left behind an exposed, reactive 
tail.

“That triggered all these reactions, and it started spitting out fluorine 
atoms from these compounds to form fluoride, which is the safest form 
of fluorine,” Dichtel said. “Although carbon-fluorine bonds are super-
strong, that charged head group is the Achilles' heel.”

But the experiments revealed another surprise: The molecules didn't 
seem to be falling apart the way conventional wisdom said they should.

To solve this mystery, Dichtel and Trang shared their data with 
collaborators Houk and Tianjin University student Yuli Li, who was 
working in Houk's group remotely from China during the pandemic. The 
researchers had expected the PFAS molecules would disintegrate one 
carbon atom at a time, but Li and Houk ran computer simulations that 
showed two or three carbon molecules peeled off the molecules 
simultaneously, just as Dichtel and Tang had observed experimentally. 

The simulations also showed the only byproducts should be fluoride — 
often added to drinking water to prevent tooth decay — carbon dioxide 
and formic acid, which is not harmful. Dichtel and Trang confirmed 
these predicted byproducts in further experiments.

“This proved to be a very complex set of calculations that challenged the 
most modern quantum mechanical methods and fastest computers 
available to us,” Houk said. “Quantum mechanics is the mathematical 
method that simulates all of chemistry, but only in the last decade have 
we been able to take on large mechanistic problems like this, evaluating 
all the possibilities and determining which one can happen at the 
observed rate.”

Li, Houk said, has mastered these computational methods, and he 
worked long distance with Trang to solve the fundamental but 
practically significant problem.

The current work degraded 10 types of perfluoroalkyl carboxylic acids 
(PFCAs) and perfluoroalkyl ether carboxylic acids (PFECAs), 
including perfluorooctanoic acid (PFOA). The researchers believe their 
method will work for most PFAS that contain carboxylic acids and hope 
it will help identify weak spots in other classes of PFAS. They hope these 
encouraging results will lead to further research that tests methods for 
eradicating the thousands of other types of PFAS.

Source: University of California Los Angles news release. Author: Holly 
Ober

Using common reagents in heated water, chemists can 'behead' and break down PFAS, leaving 

only harmless compounds.
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Biology

Anti-insulin protein linked to longevity and reproduction in ants

An insulin-suppressing protein may be the 
fountain of youth for ants and provides clues 
about aging in other species, according to a 
study led by New York University rese-
archers.

Published in Science, the study shows that 
queen ants exhibit high metabolism for 
reproduction without undergoing aging by 
generating an anti-insulin protein that blocks 
only part of the insulin pathway that is 
responsible for aging. Ants are a notable 
exception to the trade-off between repro-
duction and longevity, as their queens live 
much longer than worker ants while sharing 
the same genome. In Harpegnathos saltator 
ants, a species of jumping ants native to India 
that was the focus of this study, queens 
typically live for five years while workers live 
for only seven months. When the Harpe-
gnathos queen dies in a colony, a peculiar 
event occurs: female worker ants duel each 
other with their antennae, vying to become the 
next queen. The duel winners change “caste” 
in the ant society and become pseudoqueens, 
also known as gamergates, while still 

remaining in the (smaller) body of a worker. 
Pseudoqueens acquire queen-like behaviors, 
including laying eggs, and their life 
expectancy substantially increases from 
seven months to four years. But, if they are 
replaced by another queen, they revert to their 
worker status, stop laying eggs, and their 
lifespan is shortened back to seven months. 
“By undergoing reversible 'caste switching' 
from workers to pseudoqueens that results in a 
dramatic increase in both their lifespan and 
ability to reproduce, Harpegnathos ants 

provide a unique opportunity to study how 
aging and reproduction can be disconnected,” 
said the study's co-senior author Claude 
Desplan. Using bulk RNA-sequencing, the 
researchers studied tissue samples from both 
workers and pseudoqueens, focusing on parts 
of the ant involved in metabolism and 
reproduction including the brain, fat body (the 
liver of insects), and ovaries. They found that 
the ants that switched from worker to 
pseudoqueen produce more insulin in their 
brains in order to produce eggs. This increased 
insulin results in the activation of one of the 
two main branches of the insulin signaling 
pathway, MAPK, which controls metabolism 
and egg formation. The increased insulin in 
pseudoqueens induces ovary development, 
which then begins producing an insulin-
suppressing protein called Imp-L2. Imp-L2 
blocks signaling in the other main branch of 
the insulin signaling pathway, AKT, which 
controls aging and whose increased activity 
leads to shorter life span.

Source: New York University news release

Biology

Study reveals how fruit flies sniff out their environments

Now, a new study reveals that fruit fly 
olfactory neurons—those responsible for 
sensing chemical "smells" such as Co2 have 
the ability to talk to each other through a 
previously undiscovered pathway. The work 
provides insights into the fundamental 
processes by which brain cells communicate 
with one another and also gives new clues to 
solving the longstanding mysteries about fruit 
flies and CO2. The research was conducted in 
the laboratory of Elizabeth Hong, assistant 
professor of neuro-science and Chen Scholar 
of the Tianqiao and Chrissy Chen Institute for 
Neuroscience at Caltech. A paper describing 
the study appears in the journal Current 
Biology. "CO2 is an important but complex 
signal found in all sorts of different situations 
in the natural environment, and it illustrates a 
core challenge neurobiologists face in 
understanding the brain: How does the brain 
process the same sensory signal in different 
contexts to allow the animal to respond 
appropriately?" says Hong. "We tackle this 
question using the fly olfactory system, one of 
the best-studied and well-characterized 
sensory circuits. And even still, with this 

research, we discovered a surprising new 
phenomenon in how the brain processes 
sensory signals."

Olfaction, or the sense of smell, was the 
original sensory system to evolve in all 
animals. Fruit flies are a particularly mana-
geable model for understanding the biological 

mechanisms underlying the sense of smell: a 
fruit fly only has about 50 different odorant 
receptors, whereas a human has around 400 to 
500, and mice have more than a thousand. In 
fruit flies, while most odors activate around 20 
different types of sensory neurons at once, 
CO2 is unusual in that it only activates a single 
type. Using a combination of genetic analysis 
and functional imaging, researchers in the 
Hong laboratory discovered that the output 
cables, or axons, of the CO2-sensitive 
olfactory neurons actually can talk to other 
olfactory neural channels—specifically, the 
neurons that detect esters, molecules that smell 
particularly delicious to a fruit fly. This is the 
first time that olfactory neurons have been 
shown to talk to one another between their 
axons, processing incoming information 
before these signals ever reach the brain. The 
results cut against the prevailing dogma in 
neuroscience that information processing is 
limited to the integration of inputs by neurons; 
the new findings show that signals are 
reformatted at the output end as well.

Source: California Institute of Technology 
news release
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Biomedical Science

Parasite-detecting DNA biosensors offer new tool to tackle 
schistosomiasis

An international team of researchers at 
Imperial College London, the National 
History Museum, Addis Ababa University in 
Ethiopia and the National Institute for 
Medical Research (NIMR) in Tanzania have 
developed new DNA biosensors capable of 
rapidly detecting and differentiating between 
species of parasitic worm that cause schisto-
somiasis. The new findings, published in the 
journal PLOS Neglected Tropical Diseases, 
suggest that the biosensors could be used as 
part of strategies to tackle the impact of 
schistosomiasis at both a global and a local 
level. Over the past 20 years, the main 
approach used to control schistosomiasis has 
been the mass administration of the drug 
praziquantel to treat infection. Other measures 
have also been introduced, including water, 
sanitation and hygiene (WASH) interven-
tions, and snail control to reduce trans-
mission. However, these approaches can 
sometimes be difficult to implement in the 
low- and middle-income countries (LMICs) 
where schistosomiasis is most prevalent. 
Furthermore, recent studies have indicated 
that different treatment approaches are 
required depending on which species of 

parasitic worm called schistosomes – are 
causing infection.

The team behind the current study worked as 
part of the Water Infrastructure for Schisto-
somiasis-Endemic Regions (WISER) project 
to develop a new, more efficient approach to 
detecting and differentiating between schisto-
somes in water and soil. 

The researchers developed and validated a 
species-specific DNA-based biosensor for 
detecting schistosomes via small changes in 
DNA sequences. In creating the biosensors – 
called 'SNAILS' (Specific Nucleic AcId 
Ligation for the detection of Schistosomes) – 

the team repurposed a nucleic acid detection 
technology, previously used to detect SARS-
CoV-2 in clinical samples, to identify different 
schistosome species. Nucleic acids, such as 
DNA and RNA, are naturally occurring 
chemical compounds that serve as the primary 
information-carrying molecules in cells. The 
biosensors use carefully designed probes that 
recognise species-specific DNA sequences, 
coupled with enzymatic amplification steps, 
and a fluorescent signal-dye to indicate a 
positive detection. The team's data indicate 
that the probes can rapidly detect and 
differentiate between Schistosoma mansoni 
and Schistosoma haematobium – which cause 
most cases of human disease in Africa – and 
discriminate these schistosomes from other 
closely related species. Researchers were also 
able to successfully detect DNA samples 
collected in the field from Africa and Asia. The 
findings suggest that the biosensors could be 
used as part  of  future global  health 
programmes for schistosomiasis in LMICs. 

Source: Imperial College London news 
release

Biomedical Science

At-home sensors can spot Parkinson's during sleep

In the near future, continuously and 
unobtrusively monitoring your blood pressure 
could be as easy as applying a temporary 
tattoo. Dab some water onto a thin strip of 
paper applied to the wrist, wait a few seconds, 
and then remove the backing to reveal the 
nearly undetectable “e-tattoo” – that's the idea 
behind a new innovation from Texas A&M 
University researchers. At-home blood 
pressure devices currently on the market work 
much like the traditional machines used at the 
doctor's office: a cuff squeezes around the 
patient's arm to get a reading. It's a relatively 
old technology, invented more than 100 years 
ago. Lead researcher Roozbeh Jafari said the 
devices are effective, but have their 
drawbacks. “The problem is you can measure 
the blood pressure once or twice a day, if 
you're lucky,” said Jafari, a professor of 
biomedical engineering, computer science 
and engineering, and electrical and computer 
engineering at Texas A&M. “Because blood 
pressure is such an important metric, we want 
that to happen more frequently.”

In a recent paper published in the journal 
Nature Nanotechnology, the researchers 
describe the device they developed that can 
attach to the skin of the wrist and be worn 
comfortably for up to 24 hours. Jafari, 
principal investigator and co-author of the 
study, said it can continuously monitor the 
wearer's blood pressure with incredible 
accuracy, which is needed to provide a holistic 
view of the entire cardiovascular system. 
Unlike a bulky, cuff-based device, the e-tattoo 
is practically undetectable when applied to the 

skin. The tattoos are made of graphene – which 
Jafari said is effectively the same material used 
in graphite pencils – an ultra-flexible and 
strong material that adheres to the skin directly 
over a person's arteries. Once applied, the 
tattoo is invisible and weightless, Jafari said, 
and can remain in place for up to a week. Texas 
A&M electrical engineering doctoral student 
Kaan Sel, who co-authored the study, explains 
that the tattoo itself is the interface for the 
device. Circuits connected to the skin would 
send the information to a computer, which 
would use a machine-learning algorithm to 
interpret the biometric data. Kaan said the new 
technology uses bioimpedance, a technique 
that involves the response of blood flow to an 
electrical current. Smartwatches currently on 
the market rely on optical systems to measure 
blood pressure by using light sensors to 
illuminate the skin.

Source: Texas A&M University news release.
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Biotechnology

Artificial protein shell to combat COVID-19

During the first COVID-19 wave, when 
Saumitra Das and colleagues were sequencing 
thousands of samples every day to check for 
SARS-CoV-2 variants as part of INSACOG, 
the Government of India's genome surve-
illance initiative, they were racing against 
time to track mutations as they appeared. “If 
we wanted to predict whether one of these 
mutations was going to be dangerous from a 
public health perspective, we needed an assay 
system,” says Das, Professor at the Depart-
ment of Microbiology and Cell Biology 
(MCB), Indian Institute of Science (IISc). 
Das and his team, along with collaborators 
have now developed and tested a novel virus-
like particle (VLP) – a non-infectious 
nanoscale molecule that resembles and 
behaves like the virus but does not contain its 
native genetic material – in a study published 
in Microbiology Spectrum. Such VLPs have 
several uses. They can not only be used to 
safely study the effect of mutations that may 
arise in SARS-CoV-2 – without requiring a 
BSL-3 facility – but can also potentially be 
developed into a vaccine candidate that can 
trigger an immune response in our bodies. 

Soma Das, one of the authors, adds that these 
VLPs can also be used to cut down the time 
taken to screen drugs that can fight the virus. 
“The main challenge was to express all four 
structural proteins together,” says Harsha 
Raheja, first author of the study.

SARS-CoV-2 replicates by producing each 
structural protein separately and then 
assembling them into a shell containing the 

genetic material inside to form an active virus 
particle. To recreate this, the team chose a 
baculovirus – a virus that affects insects but not 
humans – as the vector (carrier) to synthesise 
the VLPs, since it has the ability to produce 
and assemble all these proteins and replicate 
quickly. Next, the researchers analysed the 
V L Ps under a t ransmission electron 
microscope and found that they were just as 
stable as the native SARS-CoV-2. At 4 degrees 
Celsius, the VLP could attach itself to the host 
cell surface and at 37 degrees Celsius (normal 
human body temperature), it was able to enter 
the cell. When the team injected a high dose of 
VLPs into mice in the lab, it did not affect the 
liver, lung, or kidney tissues. To test its 
immune response, they gave one primary shot 
and two booster shots to mice models with a 
gap of 15 days, after which they found a large 
number of antibodies generated in the blood 
serum of the mice. These antibodies were also 
capable of neutralising the live virus, the team 
found. “This means that they are protecting the 
animals,” explains Raheja.

Source: IISc news release. 

Biotechnology

New platform could make gene medicine delivery easier and more affordable

A team led by Hai-Quan Mao, a Johns 
Hopkins materials scientist, has created a 
platform that shows promise to speed up the 
lipid nanoparticles (LNP) design process and 
make it more affordable. The new approach 
also can be adapted to other gene therapies. "In 
a nutshell, what we have done is creating a 
method that screens lipid nanoparticle 
components and their proportions to quickly 
help identify and create the optimal design for 
use with various therapeutic genes," said Mao, 
director of the Institute for NanoBio-
Technology at Johns Hopkins Whiting School 
of Engineering and professor in the depart-
ments of Materials Science and Engineering 
and Biomedical Engineering. The team's 
study was published recently Nature 
Communica-tions. A crucial feature of 
effective treatments is how long a gene 
medicine lasts once it reaches the target cell. 
Unfortunately, the potency of mRNA begins 
declining within 24 hours of its delivery by 
LNPs. A promising alternative is plasmid 
DNA—a sturdier, double-stranded circular 
DNA that can last for up to seven days and 

thus has the potential to improve the treatment 
outcomes of metabolic diseases and 
infections affecting the liver, where the 
therapeutic duration is critical.

The lead author Yining Zhu as well as a team 
of scientists from Johns Hopkins and the 
University of Washington, identified the best 
LNP design for pDNA delivery to liver cells 
in this work. Their platform screens LNPs 
step by step, addressing the physiological 
barriers an LNP encounters as it navigates the 
body to reach its target. The platform helped 
the team identify the most effective LNPs 

f r o m  a  l i b r a r y  o f  m o r e  t h a n  1 , 0 0 0 
combinations.

"This platform is versatile in that it is not 
merely limited to pDNA delivery, but can be 
easily extended to the development of LNPs 
for a wide range of therapeutic gene payloads, 
as well as alternative delivery routes such as 
oral, intramuscular injection, or inhalation 
method," said Zhu. In collaboration with Sean 
Murphy, associate professor at the University 
of Washington, and his group, the researchers 
are now leveraging LNPs identified using the 
platform to develop a malaria vaccine that 
targets the disease-causing parasite during its 
lifecycle in the liver. This screening platform 
shows great promise to help accelerate other 
LNP product innovation to further push the 
bounds of gene medicine, vaccine developm-
ent, and other novel therapeutics.

Source: Johns Hopkins news release
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Biotechnology

New advances in stem-cell derived mouse embryo model

Just two weeks after announcing the 
development of a mouse embryo model, 
complete with beating hearts and the founda-
tions for a brain and other organs, from mouse 
stem cells, researchers in the labo-ratory of 
Magdalena Zernicka-Goetz, Bren Professor 
of Biology and Biological Engineering, have 
published new findings about another mouse 
embryo model reaching similar develop-
mental stages, but created out of only mouse 
embryonic stem cells. This modification has 
simplified the protocol and makes the embryo 
model easier to be adopted in other 
laboratories. The new study appears in the 
journal Cell Stem Cell. "This discovery opens 
up new avenues for understanding why the 
great majority of human pregnancies are lost 
and to create knowledge that will prevent this 
from happening," says Zernicka-Goetz. "This 
knowledge will also let us, with time, repair 
tissues and organs much more effectively than 
we can do now."

In a paper published in the journal Nature, the 
team detailed how to develop a mouse embryo 
model  out  of  mouse embryonic and 
extraembryonic stem cells. Instead of creating 
mouse embryos by the natural biological 
method of combining egg and sperm, the team 
guided three populations of cultured stem 

cells to interact, inducing the expression of 
certain genes and establishing an environment 
for the cells to "talk" to each other. As a result, 
the stem cells self-organized into structures 
that then progressed through successive 
developmental stages until the mouse embryo 
model had beating hearts and the foundations 
for a brain and all other organs, in addition to 
the yolk sac and chorion which facilitate gas 
and nutrient exchange between the embryo 
and the mother. This is the most advanced 
stage of development achieved to date in a 
stem cell–derived model. Building off of the 
previous research, the mouse embryo model 
reported in the new paper are only made of a 

single type of cultured stem cell: the 
embryonic stem cells (ESCs). Untreated 
ESCs become the body of the embryo. 
Another ESC line is coaxed by researchers to 
become like extraembryonic endoderm stem 
cells, which provide one set of developmental 
signals. The team also drives a third ESC line 
to become like trophoblast stem cells, which 
provide a second set of developmental signals. 
Thus, the team is able to reconstitute the three 
major tissues of the developing mouse embryo 
by starting with only ESCs. 

Source: California Institute of Technology 
news release

Environmental Science

Food production impacting Earth and its natural processes

Food production is already one of the biggest 
stressors to our planet, but it's made 
substantially more challenging by the 
interaction of Earth system processes, 
according to new research. Earth system 
processes refer to the natural activities that 
keep the planet in a habitable and useful state. 
This includes processes occurring in the 
different biospheres like carbon sequestration 
in forests or nutrient run off into freshwater 
systems. The interactions between these 
processes challenge their boundaries, and 
effect how well they function. "Food 
production is a major cause of environmental 
stress, impacting on biodiversity loss, the 
climate and overexploitation of marine 
resources," co-author Dr Steven Lade from 
The Australian National University said. "We 
need to start producing food in a sustainable 
way. By assessing the interaction of Earth 
system processes we can ensure they are 
considered when designing and implementing 

food production and agriculture policy." The 
research, led by Aalto University in Finland, 
examined and characterised various Earth 
system processes, highlighting how they can 
be used when working toward more 
sustainable food production techniques. The 
study has been published in Nature 
Sustainability.

The study highlighted several pivotal 
interactions that are often overlooked, 
including the impact of green water on food 
production and biodiversity. "Green water 

refers to the water stored in soil that is available 
for plants to grow. It has a central role to play in 
interacting with, and regulating all the other 
processes like land, biodiversity, and water 
flow," Dr Lade said. "Ensuring we address 
these various interactions will require action. 
We need better communication, meaning that 
authorities responsible for areas like 
agriculture policy and marine policy need to 
talk to each other. "We need to take a holistic 
approach when it comes to managing 
sustainable food production so that it doesn't 
strain the boundaries of our natural systems. 
We need to look beyond just water and land as 
inputs for food production." The researchers 
argue challenges stem from a high density of 
interactions between the ocean, fresh water 
and land biospheres.

Source: Australian National University news 
release
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Genetics

Largest study to date identifies new autism genes

A new study provides the results of the largest 
genetic analysis to date to understand the 
genetics behind autism and other neuro-
developmental conditions. The results reveal 
185 genes associated with autism, many for 
the first time. The study was published in the 
Aug. 18 issue of the journal Nature Genetics. 
The study examined the genomes of more than 
150,000 participants. Of this group, 20,000 
have been diagnosed with autism. The results 
offer the most comprehensive analysis of the 
diverse forms of genetic variation in autism 
and shed insight on the molecular roots of 
brain development and neurodiversity, 
presenting potential new lines of inquiry to 
understand the biology of autism. "Benefiting 
from an international collaboration and a 
massive collection of data, we have identified 
hundreds of genes that can be pursued in 
further studies of autism," said co-senior 
author Kathryn Roeder. "With these findings 
we are beginning to understand how these 
genes and genetic variations exert their effects 
during neurodevelopment." This study 
benefits from new data analysis methods that 
focused on the sections of the protein-coding 

portions of the genome, called the exome. To 
reveal genetic variants associated with 
autism, the researchers analyzed exome 
sequencing data from the Autism Sequencing 
Consortium, the Simons Foundation Power-
ing Autism Research (SPARK) project, and 
the Lundbeck Foundation Initiative for 
Integrative Psychiatric Research. This appro-
ach generated large volumes of data that were 
analyzed using cloud-based computing to 
identify changes that could be associated to 
genetic variations linked to autism. "Reso-
urces pooled together by this collaboration 
allowed us to extract information from 
genetic data more efficiently and to start 

teasing apart the relationship between autism 
and other developmental disabilities, bringing 
us closer to understanding the fundamental 
neurobiology of autism," said co-senior author 
Bernie Devlin. The team identified 185 genes 
that are significantly associated with autism. 
Many of the variants were new and not 
inherited from the parents. The variations 
resulted from the loss of one copy of a gene, 
the change in the spelling of a gene or duplicate 
copies that could all alter a gene's function. 
The researchers compared the newly identi-
fied autism variants to a large dataset of 31,000 
families in which one child has been diagnosed 
with developmental delay and/or other 
neurodevelopmental conditions. They found a 
great deal of overlap between the newly 
identified genes and other conditions 
associated with developmental delay.

Source: Carnegie Mellon University news 
release

Medical Science

Poor heart health predicts premature brain ageing

Researchers found that worse cardiovascular 
health at age 36 predicted a higher brain age 
later in life, while men also tended to have 
older brains than women of the same age, as 
they report in The Lancet Healthy Longevity. 
A higher brain age was associated with 
slightly worse scores on cognitive tests, and 
also predicted increased brain shrinkage 
(atrophy) over the following two years, 
suggesting it could be an important clinical 
marker for people at risk of cognitive decline 
or other brain-related ill health. Lead author 
Professor Jonathan Schott said: “We found 
that despite people in this study all being of 
very similar real ages, there was a very wide 
variation in how old the computer model 
predicted their brains to be. We hope this 
technique could one day be a useful tool for 
identifying people at risk of accelerated 
ageing, so that they may be offered early, 
targeted prevention strategies to improve their 
brain health.” The researchers applied an 
established MRI based machine learning 
model to estimate the brain age of members of 
the Alzheimer's Research UK-funded Insight 

46 study, led by Professor Schott. Insight 46 
study members are drawn from the Medical 
Research Council National Survey of Health 
and Development (NSHD) 1946 British Birth 
Cohort. As the participants had been a part of 
the study throughout their lives, the 
researchers were able to compare their current 
brain ages to various factors from across the 
life course. The participants were all between 
69 and 72 years old, but their estimated brain 
ages ranged from 46 to 93. The researchers 
were able to explain roughly one third of the 
variability in brain age by reviewing various 

factors from across the life course. People with 
worse cardiovascular health at age 36 or 69 had 
worse brain health, as did those with increased 
cerebrovascular disease on MRI (relating to 
blood flow and blood vessels in the brain). This 
aligns with a previous study led by Professor 
Schott finding that high blood pressure at age 
36 predicted poorer brain health late in life. 
The study did not identify any associations 
between childhood cognitive function, 
education level or socioeconomic status, and a 
prematurely ageing brain. The researchers also 
found that higher brain age was associated with 
higher concentration of neurofilament light 
protein (NfL) in the blood. NfL elevation is 
thought to arise due to nerve cell damage and is 
increasingly being recognised as a useful 
marker of neurodegeneration.

Source: University College London news 
release

Biology, Medical Science and Engineering



DISCOVERIES & INNOVATIONS

24 The Scitech Journal Volume 09 Issue 10 October 2022

Microbiology

Alcohol use can alter gut microbes, but not in the way you might think

Chronic alcohol use is a major cause of liver 
damage and death: Approximately 30,000 
persons in the United States die annually from 
alcoholic liver diseases, such as cirrhosis. 
Among the negative impacts of excessive 
alcohol use is its ability to adversely affect the 
gut microbiome, though how that happens has 
been a mystery, since the majority of 
consumed alcohol is absorbed in the mouth 
and stomach and does not reach the intestines. 
In a new study, published August 8, 2022 in 
Nature Communications, researchers at 
University of California San Diego, with 
colleagues elsewhere, propose an answer: 
Reprogramming of gut microbiota is caused 
by acetate produced by the liver diffusing 
back into the intestines where it becomes a 
carbon source to support bacterial growth. 
“You can think of this a bit like dumping 
fertilizer on a garden,” said co-corresponding 
author Karsten Zengler. “The result is an 
explosion of imbalanced biological growth, 
benefitting some species but not others.” 
Acetate is a nutrient used in cellular 
metabolism and has roles in appetite 
regulation, energy expenditure and immune 

response. In moderate levels, it promotes 
overall health, from improved cardiac 
function to enhanced red blood cell produc-
tion and memory function. In excessive 
levels, it is associated with metabolic changes 
linked to disease, including cancer.

In the latest study, Zengler and colleagues fed 
mice a molecule that could be broken down 
into three acetates in the rodents' gut. The 
researchers noted the animals' intestinal 
microbiota were altered by the additional 
acetate in a way similar to what they observed 

when feeding alcohol to the mice, but without 
damaging effects to their livers. “Chronic 
alcohol consumption is associated with lower 
intestinal expression of antimicrobial 
molecules. Persons will alcohol-related liver 
disease commonly have bacterial overgrowth 
in their guts,” said Zengler. “These findings 
suggest that microbial ethanol metabolism 
does not contribute significantly to gut 
microbiome dysbiosis (imbalance) and that 
the microbiome altered by acetate does not 
play a major role in liver damage.” “The 
situation is more complicated than previously 
assumed. It's not as simple as more ethanol 
equals microbiome changes and thus, 
microbiome dysbiosis equals more liver 
disease. The authors said the findings are 
important because they move the investigation 
past whether “changes in the gut microbiome 
are related to ethanol consumption per se are 
critical … and towards identifying bacteria 
that are causal for deleterious effects of 
alcohol consumption, rather than side-effects 
either of consumption or disease.”

Source: University of California San Diego 
news release. 

Microbiology

Gut bacteria that regulate cholesterol

Certain species of bacteria in the gut interact 
with and help balance levels of dietary 
cholesterol by using it to create a molecule 
that plays important roles in human health, 
according to a study published in Nature 
Microbiology. The study is one of the first to 
identify species of gut bacteria that convert 
cholesterol from animal foods into a 
molecule called cholesterol sulfate.  The 
study also found that in mice, a subset of 
bacteria called Bacteroides help to regulate 
cholesterol levels in the blood. Promoting 
Bacteroides early in life has implications for 
proper development in infants and lifelong 
health. “It opens the door for thinking about 
whether the microbiome, or specific 
microbes, can remove cholesterol from 
circulation,” said Elizabeth Johnson, 
assistant professor of molecular nutrition in 
the College of Agriculture and Life Sciences. 
Henry Le, a postdoctoral researcher, and 
Min-Ting Lee, a doctoral student, both in 
Johnson's lab, are co-first authors of the 
study, “Characterization of Interactions of 
Dietary Cholesterol with the Murine and 
Human Gut Microbiome.”  Although 

cholesterol sulfate is readily produced in 
human tissues, this study is the first to show 
that the gut microbiome can also produce 
cholesterol sulfate. This discovery was 
enabled by a new method developed in 
Johnson's lab, called BOSSS (bio-orthogonal 
labelling sort sequence spectrometry), which 
was used to label dietary cholesterol with red 
fluorescence and track which bacteria interact 
with it, as those bacteria show up as red. The 

system was then used to sequence those 
bacteria's DNA to identify the species. 
“Through the BOSSS technology, we were 
able to trace which microbes are acting on 
cholesterol,“ Johnson said. “Then, we also 
took a note from chemistry to learn which 
molecules are being made when [these 
bacteria] interact with cholesterol.” They 
found that Bacteroides were producing 
cholesterol sulfate. Further, the researchers 
used germ-free mice inoculated with 
engineered Bacteroides that lacked an enzyme 
needed to convert cholesterol to cholesterol 
sulfate. The experiment revealed that these 
mouse gut microbiomes could not make 
cholesterol sulfate, while the microbiomes in 
germ-free mice colonized with normal 
Bacteroides produced it. “I think this study is 
extremely relevant to all parts of a life cycle,” 
Johnson said. “In infants, we need to think 
about how lipids [fats, including cholesterol] 
in the diet are important for creating 
microbiome-dependent molecules that affect 
development, and for health throughout one's 
life.”

Source: Cornell University news release. 
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Newly identified gene could be clue to treatment of fungal infection

A newly identified gene can hold the key to 

prevent fungal infection Candidiasis that 

often affects intensive-care unit (ICU) 

patients, cancer patients and patients 

receiving immunosuppressive therapy. The 

gene called has been identified in CSA6 

Candida albicans   a fungal species infamous 

for causing high rates of morbidity and 

mortality under certain immuno-comp-

romised conditions such as AIDS or during 

cancer treatment. The fungal species residing 

in mucosal linings of the gastrointestinal and 

urogenital tract of healthy individuals turns 

into a pathogen under immuno-compromised 

conditions breaching the host defense causing 

superficial as well as life-threatening systemic 

infection. In a recent collaborative study 

between Professor Kaustuv Sanyal's group at 

Jawaharlal Nehru Centre for Advanced 

Scientific Research (JNCASR), Bangalore, 

India and Christophe d'Enfert's group at 

Institut Pasteur, Paris, France (Jaitly et al, 

2022), authors carried out a large-scale screen 

to identify regulators of chromosome stability 

in , a clinically relevant fungal C. albicans

model system. The authors from JNCASR, an 

autonomous institute of Department of 

Science and Technology (DST), individually 

screened the effect of overexpression of more 

than a thousand genes of on C. albicans 

genome stability and were successful in 

identifying a set of six chromosome stability 

( ) genes that are important for main-CSA

taining genome integrity. While five of the 

CSA genes identified in the study are known 

to be important for cell division in other 

species, the sixth gene, named CSA CSA6 

encoded for a protein that is essential for 

viability in . They found that Csa6 C. albicans

was a critical regulator of cell cycle 

progression wherein both overexpression and 

deletion of Csa6 lead to reduced growth of C. 

albicans cells.

The study published in the journal Nature 

Communications represents the first-ever 

report of such an extensive screen in the 

human fungal pathogen . It C. albicans

identifies and elucidates the functions of a 

novel regulator of chromosome stability that is 

exclusively present in a group of medically 

relevant human fungal pathogens. Besides, it 

also provides a systematic scheme for 

identifying genes whose products may serve as 

potential therapeutic interventions for fungal 

infections by posing lesser adverse effects on 

humans. Hence, small molecule modulators 

that alter expression levels of the gene called 

Csa6 offer potential avenues for treatment 

with no side effects in humans.

Source: PIB

Neuroscience

Protein 'traffic jam' in neurons linked to neurodegeneration

Neurodegenerative disorders such as 

Alzheimer's and Parkinson's disease are 

associated with atypical proteins that form 

tangles in the brain, killing neurons. 

Neurobiologists at EPFL have now identified 

some key mechanisms underlying the 

formation of these tangles. The researchers 

were also able to look at cell vulnerability 

early on in neurodegeneration, when neurons 

get disconnected from each other. “If we can 

stop or slow down the earliest disconnection 

of neurons, we may slow down the subsequent 

steps that happen as neurons start to 

degenerate,” says study senior author Brian 

McCabe. McCabe's team engineered 

Drosophila (fruit fly) adults to express human 

Tau, a protein that is involved in Alzheimer's 

disease and other disorders that lead to 

dementia. Flies expressing human Tau had a 

shorter lifespan than controls, the researchers 

found. To assess the effect of human Tau on 

the brain, the team used a series of genetic, 

microscopy and computational technologies 

that allowed accurate imaging of individual 

neurons.  Compared to controls, flies 

expressing human Tau showed a substantial 

loss of synapses, or the connections between 

neurons. In these animals, the neurons' axons 

— the long, thin parts of the cell that conduct 

electrical impulses — also shrank and 

retracted. Further experiments showed that 

the loss of a complex of proteins called the 

retromer, which can be mutated in people with 

Parkinson's, accelerates neurodegeneration. 

In the cell, the retromer acts like a recycling 

system, rescuing proteins from being broken 

down and trafficking them back to the cell's 

surface. Blocking the activity of the retromer 

complex resulted in increased levels of a 

shortened form of Tau that exacerbates 

neurotoxicity, the researchers found.

McCabe and his colleagues hypothesized that 

when retromer activity is reduced, Tau proteins 

linger for longer inside the cell, where they get 

'trimmed' by specialized enzymes called 

caspases. Indeed, inhibiting the production of 

the shortened form of Tau could stall the loss of 

synapses and axons. The findings, which were 

published in Nature Communications suggest 

that dampening retromer activity slows down 

the trafficking of Tau. This 'traffic jam' allows 

caspases to cut Tau into the shorter form that 

can damage neurons. Identifying drugs that 

enhance the trafficking of Tau might help 

reduce neurotoxicity, McCabe says. If the 

shortened form of Tau is a diagnostic marker 

for brains affected by Alzheimer's and 

Parkinson's disease, the levels of this atypical 

protein could be used in drug screening as a 

proxy for drug efficacy.

Source: EPFL news release. 
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Study finds tiny brain area controls work for rewards

A tiny but important area in the middle of the 

brain acts as a switch that determines when an 

animal is willing to work for a reward and 

when it stops working, according to a study 

published in the journal Current Biology. 

“The study changes how we think about this 

particular brain region,” said senior author 

Melissa Warden. “It has implications for 

psychiatric disorders, particularly depression 

and anxiety,” Warden said. The paper, “Tonic 

Activity in Lateral Habenula Neurons Acts as 

a Neutral Valence Brake on Reward-Seeking 

Behavior,” illuminates the role of the lateral 

habenula, a small structure on top of the 

thalamus, which funnels higher-level 

information from the front and center of the 

brain to areas that produce neurotransmitters 

such as serotonin and dopamine. The lateral 

habenula's exact role has been unclear until 

now. The new study shows that when neurons 

in this brain area turn off, an animal will work 

for rewards; when those neurons fire, the 

animal becomes disengaged and stops 

working. Experiments revealed that the lateral 

habenula turns on specifically when an animal 

has had enough of a reward and is satisfied, or 

when it finds its work no longer yields a 

reward. In the study, the researchers used mice 

engineered so that cells in the lateral habenula 

fluoresce when they fire, and stop fluorescing 

when they are inactive. A fiber optic filament 

placed above the habenula collects and counts 

photons from the fluorescence and provides a 

population-level record of activity. The mice 

were placed in a box with a hole on one side 

and a water spout on the other; when a mouse 

stuck its head through the hole, it received a 

reward of water. In one experiment, cells in the 

lateral habenula showed sustained firing when 

the animals disengaged from work because 

they had had enough of the reward and were 

satisfied and stopped on their own. In another 

experiment, when the researchers turned off 

the reward, after initial persistence, the brain 

area became active when the mice quit the 

task. The researchers found that the lateral 

habenula fires specifically when the mouse 

quits. The researchers also used a technology 

called optogenetics to control activity in the 

habenula. In these experiments, mice were 

engineered to express a molecule that inhibits 

activity in the habenula in the presence of light. 

Inhibiting this brain area caused the mice to 

work longer despite collecting rewards, 

Warden said.

Source: Cornell University news release.

Plant Science

Bigger plants don't always equal more nutritious ones

While increased carbon dioxide levels in the 

atmosphere encourage plant growth, they also 

reduce the nutritional value of plants, which 

can have a larger impact on nutrition and food 

safety worldwide. Researchers at Michigan 

State University discovered new way plants 

are adapting to the changing climate — 

information that can be used to help plants 

grow strong while also maintaining their 

nutritional value. Phosphorus is used as a 

fertilizer and is essential for plant growth, but 

the worldwide reserve of phosphorus is 

limited. “We can't synthesize [phosphorus] 

like we can nitrogen fertilizer,” said Hatem 

Rouached, an assistant professor in the 

College of Agriculture and Natural Reso-

urces. “We need to develop a better under-

standing of how plants regulate phosphorus to 

survive.” Rouached and his team observed 

when plants were exposed to elevated levels 

of carbon dioxide, the phosphorus levels in 

the shoots and leaves of the plants decreased. 

“We wanted to know why the plants weren't 

taking up more phosphorus,” Rouached said. 

“And to see if the decrease of phosphorus 

levels is a defect or adaptive response, and 

whether there was a way to change that to 

ensure the plants grow and provide nutritious 

food too.” Rouached and his team dug deep at 

the sub-cellular level and found the plants 

were avoiding overloading their chloroplasts 

with phosphorus as an adaptive response to 

increased carbon dioxide levels. Chloroplasts 

are where photosynthesis takes place, where 

chlorophyll in the presence of sunlight 

produces food for a plant to grow. Phosphorus 

is also an essential part of photosynthesis and 

creating energy for cells. “What was really 

important in our discovery is that when we try 

to force the plant to put a lot of phosphorus in 

the chloroplast, the plant failed to grow,” 

Rouached said. “We discovered that the 

increase in phytic acid levels needs to be 

tightly controlled in plants to allow the plants 

to grow under elevated carbon dioxide.” The 

researchers found that after the phytic acid 

levels pass a certain threshold, the plants don't 

grow. “This paper is the first to show there is an 

urgent need for discussion of how we can 

protect plant malnutrition against the increase 

of carbon dioxide worldwide,” Rouached said. 

The research was published on Sept. 7 in 

Current Biology.

Source: Michigan State University news 

release
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Plant Science

Discovery to help breed more water-efficient crops

Scientists from The Australian National 

University (ANU) and James Cook Univ-

ersity (JCU) have identified an "exquisite" 

natural mechanism that helps plants limit their 

water loss with little effect on carbon dioxide 

(CO2) intake - an essential process for 

photosynthesis, plant growth and crop yield. 

The research is published in Nature Plants. 

The discovery, led by Dr Chin Wong from 

ANU, is expected to help agricultural 

scientists and plant breeders develop more 

water-efficient crops.  Study co-author Dr 

Diego Marquez, from ANU, said the findings 

will have significant implications for the 

agricultural industry and could lead to more 

resilient crops capable of withstanding 

extreme weather events, including drought. 

"Plants continuously lose water through pores 

in the 'skin' of their leaves. These same pores 

allow CO2 to enter the leaves and are critical 

to their survival," Dr Marquez said. "For every 

unit of CO2 gained, plants typically lose 

hundreds of units of water. This is why plants 

require a lot of water in order to grow and 

survive. "The mechanism we have demon-

strated is activated when the environment is 

dry, such as on a hot summer day, to allow the 

plant to reduce water loss with little effect on 

CO2 uptake." The researchers believe this 

water preserving mechanism can be mani-

pulated and, in turn, may hold the key to 

breeding more water-efficient crops.   

According to lead author Dr Wong, the ANU 

team's findings are a "dream discovery" from 

a scientific and agricultural perspective. "The 

agriculture industry has long held high hopes 

for scientists to come up with a way to deliver 

highly productive crops that use water 

efficiently," Dr Wong said. "Plant scientists 

have been dealing with this big question of 

how to increase CO2 uptake and reduce water 

loss without negatively affecting yields. 

"Having this mechanism that can reduce water 

loss with little effect on CO2 uptake presents 

an opportunity for agricultural scientists and 

plant breeders researching ways to improve 

water use efficiency and create drought-

tolerant crops." Although the researchers have 

confirmed there is a system in place that is 

working to limit the amount of water being lost 

from the leaf, they still don't know what's 

causing it. "Our main target now is to identify 

the structures inside the plant that allow this 

control. We think that water conduits, called 

aquaporins, located in the cell membranes are 

responsible," Dr Marquez said. 

Source: Australian National University news 

release

Plant Science

Study shows how the decline in pollinators can ripple across ecosystems

As pollinators like honeybees and butterflies 

decline worldwide, their loss is rippling out 

across entire ecosystems, report a Princeton-

led team of researchers in the journal Nature. 

They found that when plants have to compete 

to woo pollinators, it poses a significant threat 

to biodiversity.

“Our study identifies an unexpected and 

insidious way in which the loss of some 

species in an ecological network can trigger 

the loss of still others,” said senior author 

Jonathan Levine. “It suggests that ongoing 

pollinator decline may unravel the very fabric 

that keeps plant diversity stable.”  He and his 

colleagues found that a reduced number and 

variety of pollinators changes the competitive 

playing field in favor of plants that are better at 

competing for pollinators. This can in turn 

negatively affect the organisms that depend 

on whatever plants are lost. These ripple 

effects could be devastating for ecosystem 

health. If plants of the same species can 

monopolize pollinators when they are 

together — for example, by putting on showy 

floral displays as a group — then this would 

disadvantage rarer plant species and 

undermine their coexistence in the long-term. 

“This study builds on years of work in our 

group designing field experiments to inform 

mathematical models that predict the 

coexistence or exclusion of species,” Levine 

said. “Here, these methods pay off in revealing 

the hidden impact of plant competition for 

pollinators on plant diversity.”

To experimentally remove competition for 

pollinators, the researchers used paintbrushes 

to manually pollinate some plants. Other 

plants were left to the whims of the local 

pollinator community, which consisted mostly 

of honeybees and bumblebees, plus some 

solitary bees and syrphid flies. “Insect 

pollinators are much better pollinators than us, 

but they wouldn't necessarily visit every 

plant,” Johnson said. “We were extremely 

faithful pollinators — we would pollinate 

every single flower, not just those that were 

abundant and showy, but also flowers that were 

buried by their competitors.” At the end of the 

summer, the study team collected all the seeds 

produced by each plant, took them back to the 

lab, and “counted and sprouted them” to 

determine the number of viable seeds that 

actually produced a seedling.  Their results 

suggested that an overall decline in pollinators 

could affect some plant species more severely 

than others.

Source: Princeton University news release
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Plant Science

Synthetic genetic circuits that could help plants adapt to pressures 
from climate change

Researchers at Stanford University are 

working on ways to manipulate biological 

processes in plants to help them grow more 

efficiently and effectively in a variety of 

conditions. Jennifer Brophy, an assistant 

professor of bioengineering, and her 

colleagues have designed a series of synthetic 

genetic circuits that allow them to control the 

decisions made by different types of plant 

cells. In a paper published recently in Science, 

they used these tools to grow plants with 

modified root structures. Their work is the 

first step in designing crops that are better able 

to collect water and nutrients from the soil and 

provides a framework for designing, testing, 

and improving synthetic genetic circuits for 

other applications in plants. “Our synthetic 

genetic circuits are going to allow us to build 

very specific root systems or very specific leaf 

structures to see what is optimal for the 

challenging environmental conditions that we 

know are coming,” Brophy said. “We're 

making the engineering of plants much more 

precise.” To achieve fine-scale control over 

plant behavior, Brophy and her colleagues 

built synthetic DNA that essentially works 

like a computer code with logic gates guiding 

the decision-making process. In this case, 

they used those logic gates to specify which 

types of cells were expressing certain genes, 

allowing them to adjust the number of 

branches in the root system without changing 

the rest of the plant. “We have modern 

varieties of crops that have lost their ability to 

respond to where soil nutrients are,” said José 

Dinneny, one of the lead authors on the paper. 

“The same sort of logic gates that control root 

branching could be used to, say, create a 

circuit that takes into account both the 

nitrogen and phosphorus concentrations in the 

soil, and then generates an output that is 

optimal for those conditions.”

Brophy designed more than 1,000 potential 

circuits to be able to manipulate gene 

expression in plants. She tested them in the 

leaves of tobacco plants, seeing if she could 

make the leaf cells create a glow-in-the-dark 

protein found in jellyfish. She found 188 

designs that worked, which the researchers are 

uploading to a synthetic DNA database for 

other scientists to be able to use in their work. 

Once they had working designs,  the 

researchers used one of the circuits to create 

logic gates that would modify the expression 

of a specific developmental gene in a precisely 

defined type of root cell of Arabidopsis 

thaliana, a small, weedy plant that is often 

used as a model organism. By changing the 

expression level of that one gene, they were 

able to modify the density of branches in the 

root system.

Source: Stanford University news release

Plant Science

Plants reprogram their cells to fight invaders. here's how

Duke University professor Xinnian Dong 

showed that plants can shift from peacetime to 

wartime production. Crops and other plants 

are often under attack from bacteria, viruses, 

and other pathogens. When a plant senses a 

microbial invasion, it makes radical changes 

in the chemical soup of proteins -- the 

workhorse molecules of life -- inside its cells. 

In recent years, Dong and her team have been 

piecing together just how they do it. In a new 

study published in the journal Cell, Dong and 

first author Jinlong Wang reveal the key 

components in plant cells that reprogram their 

protein-making machinery to fight disease. 

Each year, around 15% of crop yield is lost to 

bacterial and fungal diseases, costing the 

global economy some $220 billion. Plants rely 

on their immune system to help them fight 

back, Dong said. 

When plants come under attack, they shift 

their priorities from growth to defense, so 

cells start synthesizing new proteins and 

suppress production of others. Then “within 

two to three hours things return to normal,” 

Dong said. The tens of thousands of proteins 

made in cells do many jobs: catalyzing 

reactions, serving as chemical messengers, 

recognizing foreign substances, moving 

materials in and out. To build a specific 

protein, genetic instructions in the DNA 

packed inside the cell's nucleus are tran-

scribed into a messenger molecule called 

mRNA. This strand of mRNA then heads out 

into the cytoplasm, where a structure called a 

ribosome “reads” the message and translates 

it into a protein.

In the new study, Dong, Wang and colleagues 

showed that when plants detect a pathogen 

attack, the molecular signposts that signal the 

usual starting point for ribosomes to land on 

and read the mRNA are removed, which keeps 

the cell from making its typical “peacetime” 

proteins. Instead, ribosomes bypass the usual 

starting point for translation, using the region 

of recurring As and Gs within the RNA 

molecule for docking and start reading from 

there instead. For plants, fighting infection is a 

balancing act, Dong said.  By understanding 

how plants strike this balance, Dong said, 

scientists hope to find new ways to engineer 

disease-resistant crops without compromising 

yield. Dong's team did the bulk of their 

experiments in a mustard-like plant called 

Arabidopsis thaliana. But similar mRNA 

sequences have been found in other organisms, 

including fruit flies, mice and humans, so they 

may play a broader role in controlling protein 

synthesis in plants and animals alike, Dong 

said.

Source: Duke University news release
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Chemical Engineering

Researchers engineer novel material capable of 'thinking'

Someone taps your shoulder. The organized 
touch receptors in your skin send a message to 
your brain, which processes the information 
and directs you to look left, in the direction of 
the tap. Now, Penn State and U.S. Air Force 
researchers have harnessed this processing of 
mechanical information and integrated it into 
engineered materials that 'think.' The work, 
published in Nature, hinges on a novel, 
reconfigurable alternative to integrated 
circuits. Integrated circuits are typically 
composed of multiple electronic components 
housed on a single semiconductor material, 
usually silicon, and they run all types of 
modern electronics, including phones, cars 
and robots. Integrated circuits are scientists' 
realization of information processing similar 
to the brain's role in the human body. 
According to principal investigator Ryan 
Harne, integrated circuits are the core 
constituent needed for scalable computing of 
signals and information but have never before 
been realized by scientists in any composition 
other than silicon semiconductors.   His 
team's discovery revealed the opportunity for 
nearly any material around us to act like its 
own integrated circuit: being able to 'think' 
about what's happening around it. “We have 
created the first example of an engineering 

material that can simultaneously sense, think 
and act upon mechanical stress without 
requiring additional circuits to process such 
signals,” Harne said. “The soft polymer 
material acts like a brain that can receive 
digital strings of information that are then 
processed, resulting in new sequences of 
digital  information that  can control 
reactions.”

The soft, conductive mechanical material 
contains reconfigurable circuits that can 
realize combinational logic: when the 
material receives external stimuli, it translates 
the input into electrical information that is 
then processed to create output signals. The 
material could use mechanical force to 

compute complex arithmetic, as Harne and his 
team demonstrated, or detect radio frequencies 
to communicate specific light signals, among 
other potential translation examples. The 
possibilities are expansive, Harne said, 
b e c a u s e  i n t e g r a t e d  c i r c u i t s  c a n  b e 
programmed to do so much. “We discovered 
how to use mathematics and kinematics — 
how the individual constituents of a system 
move — in mechanical-electrical networks,” 
Harne said. “This allowed us to realize a 
fundamental  form of  intel l igence in 
engineering materials by facilitating fully 
scalable information processing intrinsic to 
the soft material system.” According to Harne, 
the material uses a similar 'thinking' process as 
humans and has potential applications in 
autonomous search and rescue systems, in 
infrastructure repairs and even in bio-hybrid 
materials that can identify, isolate and 
neutralize airborne pathogens.  

Source: Penn State University news release

Chemistry

Scientists develop new method to assess ozone layer recovery

Published in the journal Nature, their method - 
the Integrated Ozone Depletion (IOD) metric 
- provides a useful tool for policymakers and 
scientists. The IOD has been designed to 
provide a straightforward way to measure the 
effects of unregulated emissions of substances 
that deplete the ozone layer and evaluate how 
effective ozone layer protection measures are. 
Ozone-depleting gases such as chloroflu-
orocarbons, better known as CFCs, have been 
phased out under the Montreal Protocol - an 
international treaty agreed to protect the ozone 
layer. The Montreal Protocol has been largely 
successful, but illegal breaches are jeopa-
rdising its efficacy.

The IOD indicates the impact of any new 
emissions on the ozone layer by considering 
three things: the strength of the emission, how 
long it will remain in the atmosphere, and how 
much ozone is chemically destroyed by it. For 
environmental protection and human health 
policies, the IOD represents a simple means of 
calculating the impact of any given emission 

scenario on ozone recovery. This new metric 
has been developed by researchers at the 
National Centre for Atmospheric Science at 
the University of Cambridge and the National 
Centre for Earth Observation at the University 
of Leeds.

Professor John Pyle, from the National Centre 
for Atmospheric Science and the University of 
Cambridge, has dedicated his career to 
studying the depletion of ozone in the 
stratosphere and helping develop the Montreal 
Protocol. He is the lead author of the current 
Nature paper. “Following the Montreal 
Protocol, we are now in a new phase - 

assessing the recovery of the ozone layer,” said 
Pyle, from Cambridge's Yusuf Hamied 
Department of Chemistry. “This new phase 
calls for new metrics, like the Integrated Ozone 
Depletion - which we refer to as the IOD. Our 
new metric can measure the impact of 
emissions - regardless of their size. Using an 
atmospheric chemistry computer model, we 
have been able to demonstrate a simple linear 
relationship between the IOD, the size of the 
emissions and the chemical lifetimes. So, with 
knowledge of the lifetimes, it is a simple matter 
to calculate the IOD, making this an excellent 
metric both for science and policy.” The IOD 
metric has been created using a computer 
model of the atmosphere, called the UK 
Chemistry and Aerosols model (UKCA). The 
National Centre for Atmospheric Science and 
the Met Office developed the UKCA model to 
calculate future projections of important 
chemicals, such as ozone in the stratosphere.

Source: University of Cambridge news release
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Material Science

Researchers discover a material that can learn like the brain

EPFL researchers have discovered that 

Vanadium Dioxide (VO ), a compound used 2

in electronics, is capable of “remembering” 

the entire history of previous external stimuli. 

This is the first material to be identified as 

possessing this property, although there could 

be others. The study has been published in 

Nature Electronics 2022. Mohammad Sami-

zadeh Nikoo, a PhD student at EPFL School 

of Engineering's Power and Wide-band-gap 

Electronics Research Laboratory (POWER-

lab), made a chance discovery during his 

research on phase transitions in Vanadium 

Dioxide (VO ). VO  has an insulating phase 2 2

when relaxed at room temperature, and 

undergoes a steep insulator-to-metal trans-

ition at 68 °C, where its lattice structure 

changes. Classically, VO  exhibits a volatile 2

memory: “the material reverts back to the 

insulating state right after removing the 

excitation” says Samizadeh Nikoo. In his 

experiments, Samizadeh Nikoo applied an 

electric current to a sample of VO . “The 2

current moved across the material, following a 

path until it exited on the other side,” he 

explains. As the current heated up the sample, 

it caused the VO  to change state. And once 2

the current had passed, the material returned 

to its initial state. Samizadeh Nikoo then 

applied a second current pulse to the material, 

and saw that the time it took to change state 

was directly linked to the history of the 

material. “The VO  seemed to 'remember' the 2

first phase transition and anticipate the next,” 

explains Prof. Elison Matioli, who heads the 

POWERlab. “We didn't expect to see this 

kind of memory effect, and it has nothing to do 

with electronic states but rather with the 

physical structure of the material. It's a novel 

discovery: no other material behaves in this 

way.”

The researchers went on to find that VO  is 2

capable of remembering its most recent 

external stimulus for up to three hours. “The 

memory effect could in fact persist for several 

days, but we don't currently have the instru-

ments needed to measure that,” says Matioli. 

The research team's discovery is important 

because the memory effect they observed is an 

innate property of the material itself. Engin-

eers rely on memory to perform calculations of 

all kinds, and materials that could enhance the 

calculation process by offering greater 

capacity, speed and miniat-urization are in 

high demand. VO  ticks all three of these 2

boxes. What's more, its contin-uous, structural 

memory sets it apart from conventional 

materials that store data as binary information 

dependent on the manipulation of electronic 

states.

Source: EPFL news release

Astronomy

Meteorite provides record of asteroids 'spitting out' pebbles

Field Museum, UChicago scientists explain 

strange behavior seen in 2019 on Bennu 

asteroid

In 2019, NASA's OSIRIS-REx spacecraft 

sent back images of a geological phenomenon 

no one had ever seen before: pebbles were 

flying off the surface of the asteroid Bennu. 

The asteroid appeared to be shooting off 

swarms of marble-sized rocks. Scientists had 

never seen this behavior from an asteroid 

before, and it's a mystery exactly why it 

happens. But in a new paper, researchers show 

the first evidence of this process in a meteorite. 

“It's fascinating to see something that was just 

discovered by a space mission on an asteroid 

millions of miles away from Earth, and find a 

record from the same geological process in the 

museum's meteorite collection,” said Philipp 

Heck, the senior author of the study,   

published in Nature Astronomystudy. “We 

were trying to isolate very tiny minerals from 

the meteorite by freezing it with liquid 

nitrogen and thawing it with warm water, to 

break it up,” said Yang, the paper's first author. 

Heck says that finding bits of meteorite that 

won't disintegrate isn't unheard of, but 

scientists usually just shrug and break out the 

mortar and pestle. “Xin had a very open mind, 

he said, 'I'm not going to crush these pebbles 

to sand, this is interesting,'” said Heck.

Instead, the researchers devised a plan to 

figure out what these pebbles were and why 

they were so resistant to breaking apart. “We 

did CT scans to see how the pebbles compared 

to the other rocks making up the meteorite,” 

said Heck. “What was striking is that these 

components were all squished— normally, 

they'd be spherical—and they all had the same 

orientation. They were all deformed in the 

same direction, by one process.” The scientists 

had a clue, though, from the 2019 OSIRIS-

REx findings. From there, they put together a 

hypothesis, which they supported with 

physical models. The asteroid underwent a 

high-speed collision, and the area of impact got 

deformed. That deformed rock eventually 

broke apart due to the huge temperature 

differences the asteroid experiences when it 

rotates, since the side facing the sun is more 

than 300° F warmer than the side facing away. 

“This constant thermal cycling makes the rock 

brittle, and it breaks apart into gravel,” said 

Heck. These pebbles are then ejected from the 

asteroid's surface.

Source: University of Chicago news release
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Astrophysics

Deciphering of physical characteristics of a rare class of supernovae

A team of scientists have deciphered the 

physical characteristics of a rare class of 

supernovae called Type Ibn Supernovae 

(SNe). Type Ibn supernovae are a rare class of 

stripped-envelope supernovae interacting 

with a helium-rich dense circumstellar 

medium (CSM). These SNe are unique and 

essential because they help to explore about 

the typical density, velocity, and composition 

of the nearby SN environment. They are more 

luminous than normal supernovae (SNe), 

which are huge stellar explosions releasing a 

humongous amount of energy. SN 2019wep is 

one of the very rare SNe for which a long-term 

monitoring campaign was launched to 

decipher the physical characteristics follo-

wing detection of flash ionisation signatures. 

This is a unique study where the SN properties 

are probed along with environmental studies.

An international team of researchers from 

Aryabhatta Research Institute of Observ-

ational Sciences (ARIES), an autonomous 

institute under the Department of Science & 

Technology, Government of India, Hiroshima 

University, Japan, and Las Cumbres Obser-

vatory, USA, deciphered the physical 

characteristics of SN 2019wep. The resea-

rchers have identified rare signatures of flash 

ionisation in the very early spectra of SN 

2019wep. The rare signatures hint towards a 

special class of very hot and massive stars in 

advanced stages of stellar evolution, having 

depleted hydrogen, called Wolf-Rayet 

progenitor star. The early signatures of flash 

ionisation, especially Helium, were previously 

traced in some SNe mostly due to the CSM 

recombination. The team led by Anjasha 

Gangopadhyay, a former research scholar at 

ARIES (presently Assistant Professor at 

Hiroshima University) and Kuntal Misra, 

scientist at ARIES, traced the unique Carbon 

and Nitrogen signatures in the optical 

waveband  dec ipher ing  the  phys ica l 

characteristics. The SN Ibns tracked in the 

research published in The Astrophysical 

Journal is a peculiar one, which shows a 

transitioning nature and residual H-alpha. In 

general, SN Ibn are expected to show He 

features only, however, this is a unique case 

where we can see some remaining Halpha in 

the SN spectrum. The researchers said that 

SNe Ibns are typically short-lived, and 

dedicated follow-up campaigns will help 

unravel the mysteries of the unique members 

of Type Ibn class and their ancestors.

Source: PIB

Astrophysics

Black hole collisions could help us measure how fast the universe is 
expanding

In a new study, two University of Chicago 

astrophysicists laid out a method for how to 

use pairs of colliding black holes to measure 

how fast our universe is expanding—and thus 

understand how the universe evolved, what it 

is made out of, and where it's going. The study 

has been published in Physical Review 

Letters. A major ongoing scientific debate is 

exactly how fast the universe is expanding—a 

number called the Hubble constant. The 

different methods available so far yield 

slightly different answers, and scientists are 

eager to find alternate ways to measure this 

rate. Checking the accuracy of this number is 

especially important because it affects our 

understanding of fundamental questions like 

the age, history and makeup of the universe. 

The new study offers a way to make this 

calculation, using special detectors that pick 

up the cosmic echoes of black hole collisions.

Occasionally, two black holes will slam into 

each other—an event so powerful that it 

literally creates a ripple in space-time that 

travels across the universe. Here on Earth, the 

U.S. Laser Interferometer Gravitational-

Wave Observatory (LIGO) and the Italian 

observatory Virgo can pick up those ripples, 

which are called gravitational waves. Over the 

past few years, LIGO and Virgo have 

collected the readings from almost 100 pairs 

of black holes colliding. The signal from each 

collision contains information about how 

massive the black holes were. But the signal 

has been traveling across space, and during 

that time the universe has expanded, which 

changes the properties of the signal. “For 

example, if you took a black hole and put it 

earlier in the universe, the signal would 

change and it would look like a bigger black 

hole than it really is,” explained UChicago 

astrophysicist Daniel Holz, one of the two 

authors on the paper. In their new paper, Holz 

and first author Jose María Ezquiaga suggest 

that they can use our newfound knowledge 

about the whole population of black holes as a 

calibration tool. For example, current 

evidence suggests that most of the detected 

black holes have between five and 40 times the 

mass of our sun. “So we measure the masses of 

the nearby black holes and understand their 

features, and then we look further away and see 

how much those further ones appear to have 

shifted,” said Ezquiaga, a NASA Einstein 

Postdoctoral Fellow and Kavli Institute for 

Cosmological Physics Fellow working with 

Holz at UChicago. “And this gives you a 

measure of the expansion of the universe.” The 

authors dub it the “spectral siren” method, a 

new approach to the 'standard siren' method 

which Holz and collaborators have been 

pioneering. 

Source: University of Chicago news release
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Astrophysics

Astronomers see carbon dioxide on planet outside solar system for 
first time

Scientists using NASA's James Webb Space 

Telescope have captured definitive evidence 

of carbon dioxide in the atmosphere of a 

planet beyond our solar system. The 

discovery, published in the journal Nature, 

gives scientists hope the powerful telescope, 

also known as JWST, will provide new 

insights on the composition and formation of 

exoplanets. “Such a clear detection of carbon 

dioxide in this planet is exciting because it 

indicates that we will also be able to detect 

CO  in the atmospheres of smaller, terrestrial 2

planets,” said Mercedes López-Morales of the 

Center  for  Astrophysics,  Harvard & 

Smithsonian. López-Morales is one of two 

Harvard astrophysicists who worked on the 

study as part of a team of some 100 scientists. 

The other, James Kirk, single-handedly 

performed one of the four analyses the 

researchers ran on data from the telescope. 

“This is the first time we have seen CO  in an 2

exoplanet atmosphere, which has incredibly 

exciting implications for studying carbon and 

oxygen chemistry in these planets, and in turn 

on how they form and evolve,” Kirk said. The 

carbon dioxide molecules were detected in the 

atmosphere of “WASP-39 b,” a gas giant 

orbiting a sun-like star 700 light-years away. 

Scientists observed the exoplanet on July 10 

us ing the  te lescope 's  Near- Infrared 

Spectrograph.

WASP-39 b was already on scientists' radar. 

In 2018 NASA's Spitzer Space Telescope 

revealed hints of carbon dioxide in its 

atmosphere. Previous observations from 

other telescopes had revealed water vapor, 

sodium, and potassium. Thus the exoplanet 

was the ideal candidate for a follow-up using 

the new and improved JWST, said López-

Morales. Another factor: WASP-39 b is a 

transiting planet. During a transit, some of the 

starlight is eclipsed by the planet completely, 

causing overall dimming, and some is 

transmitted through the atmosphere. The 

atmosphere filters out some colors more than 

others depending on what it is made of, how 

thick it is, and whether there are clouds. 

Because different gases absorb different 

combinations of colors, researchers can 

analyze small differences in brightness of the 

transmitted light across a spectrum of 

wavelengths to determine the exact make-up 

of an atmosphere. In this case, the resulting 

spectrum scientists obtained was significant: 

the first clear, detailed, indisputable evidence 

for carbon dioxide ever detected in a planet 

outside our solar system. “The remarkably 

strong signal is a testament to [JWST's] 

exquisite precision and revolutionary 

wavelength range, and demonstrates how 

much we stand to learn from this awesome 

observatory,” Kirk said.

Source: The Harvard Gazette

Astrophysics

Study explains how superwinds help drive galactic development

Galactic superwinds – large outflows of gas 

created by a combination of supernova 

explosions and stellar winds – are closely 

connected to a galaxy's earliest stages of 

development and evolution, including aspects 

like its size, shape, and even how many stars 

will eventually call it home. Astronomers have 

long speculated that galactic winds may be 

driven by nuclear star-forming rings, regions 

in space that form and contain a large number 

of stars. Yet in a new paper, published in The 

Astrophysical Journal Letters, researchers 

were able to construct three-dimensional 

simulations that uniquely predict the observed 

morphology of these superwinds. 

According to Dustin Nguyen, lead author of 

the paper and a graduate student in physics at 

The Ohio State University, their work shows 

that the underlying geometric assumptions of 

where stars release energy is important to 

understanding galactic evolution. Their 

research found that starburst rings, instead of 

spheres, lead to outflows more akin to what is 

observed in nature. 

“The star-forming cores of galaxies are 

observed to be non-spherical, so we should 

model them accordingly,” Nguyen said. It also 

was previously thought that black holes were 

primarily responsible for the occurrence of 

gigantic X-ray bubbles, as evidence shows 

they exist above and below the Milky Way's 

disk. Yet the researchers' study highlights that 

nuclear star-forming rings can produce 

qualitatively similar structures. This may be 

important because the Milky Way also has a 

ring-like structure called the Central 

Molecular Zone. The simulations were 

created using data generated from a program 

called Cholla, an open-source computer code 

that's been run on some of the largest 

supercomputers in the world, including those 

at the Ohio Supercomputer Center, where they 

created the model. “Thirty years ago, this kind 

of computing would have been impossible, but 

we're no longer limited by technology,” 

Nguyen said. “Now we can now study more 

complicated structures by conducting high-

resolution numerical experiments using code 

optimized for parallel computing.” While their 

findings could have long-standing implic-

ations for X-ray astronomy – a branch of 

science that studies celestial objects by 

detecting the high levels of X-ray radiation 

they emit – Nguyen explained that his model is 

simpler to design than pre-existing models. 

When designing the parameters of their 

simulation, Nguyen chose to ignore the 

additional physics of forces like gravity and 

magnetic fields, but was still able to generate a 

model of how a galactic wind operates. 

Source: The Ohio State University news 

release
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Surprise finding suggests 'water worlds' are more common than 
we thought

A new study suggests that many more planets 

may have large amounts of water than 

previously thought as much as half water and 

half rock. The catch? All that water is probably 

embedded in the rock, rather than flowing as 

oceans or rivers on the surface. “It was a 

surprise to see evidence for so many water 

worlds orbiting the most common type of star 

in the galaxy,” said Rafael Luque, first author 

on the new paper. Luque, along with co-author 

Enric Pallé decided to take a population-level 

look at a group of planets that are seen around 

a type of star called an M-dwarf. These stars 

are the most common stars we see around us in 

the galaxy, and scientists have catalogued 

dozens of planets around them so far. But 

because stars are so much brighter than their 

planets, we cannot see the actual planets 

themselves. Instead, scientists detect faint 

signs of the planets' effects on their stars—the 

shadow created when a planet crosses in front 

of its star, or the tiny tug on a star's motion as a 

planet orbits. That means many questions 

remain about what these planets actually look 

like. By catching the shadow created when a 

planet crosses in front of its star, scientists can 

find the diameter of the planet. By measuring 

the tiny gravitational pull that a planet exerts 

on a star, scientists can find its mass. By 

combining the two measurements, scientists 

can get a sense of the makeup of the planet. 

Perhaps it's a big-but-airy planet made mostly 

out of gas like Jupiter, or a small, dense, rocky 

planet like Earth. These analyses had been 

done for individual planets, but much more 

rarely for the entire known population of such 

planets in the Milky Way galaxy. As the 

scientists looked at the numbers—43 planets in 

all—they saw a surprising picture emerging. 

The densities of a large percentage of the 

planets suggested that they were too light for 

their size to be made up of pure rock. Instead, 

these planets are probably something like half 

rock and half water, or another lighter 

molecule. The finding matches a theory of 

exoplanet formation that had fallen out of 

favor in the past few years, which suggested 

that many planets form farther out in their solar 

systems and migrate inward over time. 

Source: University of Chicago news release

Atmospheric Science

The sands of Mars are green as well as red, rover Perseverance discovers

The accepted view of Mars is red rocks and 

craters as far as the eye can see. That's much 

what scientists expected when they landed the 

rover Perseverance in the Jezero Crater, a spot 

chosen partly for the crater's history as a lake 

and as part of a rich river system, back when 

Mars had liquid water, air and a magnetic 

field.  What the rover found once on the 

ground was startling: Rather than the expected 

sedimentary rocks – washed in by rivers and 

accumulated on the lake bottom – many of the 

rocks are volcanic in nature. Specifically, they 

are composed of large grains of olivine, the 

muddier less-gemlike version of peridot that 

tints so many of Hawaii's beaches dark green. 

Planetary scientists Roger Wiens and Briony 

Horgan were instrumental in the discovery 

and analysis of this data, recently published in 

a suite of papers in the journals Science and 

Science Advances.

The rocks and lava the rover is examining on 

Mars are nearly 4 billion years old. Rocks that 

old exist on Earth but are incredibly weathered 

and beaten, thanks to Earth's active tectonic 

plates as well as the weathering effects of 

billions of years of wind, water and life. On 

Mars, these rocks are pristine and much easier 

to analyze and study. Understanding the rocks 

on Mars, their evolution and history, and what 

they reveal about the history of planetary 

conditions on Mars helps researchers 

understand how life may have arisen on Mars 

and how that compares with early life and 

conditions on ancient Earth. Scientists can use 

conditions on early Mars to help extrapolate 

the environment and conditions on Earth at 

the same time when life was beginning to arise. 

Understanding how, and under  what 

conditions, life began will help scientists know 

where to look for it on other planets and moons, 

as well as lead to a deeper understanding of 

biological processes here on Earth. The search 

for life is one of Perseverance's main goals and 

one of the reasons it landed in Jezero Crater in 

the first place. Discovering the potential for 

habitable environments in something as 

uninhabitable as Jezero Crater's aged lava 

flows raises hopes for what lies in the 

sedimentary rocks the mission is examining 

now. “We're excited to see even better results 

about organics and ancient habitable 

environments,” Horgan said. “I think it's really 

setting the stage that Mars is this watery, 

habitable place, and all the samples we're 

getting back are going to help us understand 

the history of ancient microbial life on Mars.”

Source: Purdue University news release
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Oceanic Science

Using fish ear bones to estimate seawater temperature

Oceans cover three quarters of the Earth's 
surface and host many remarkable life forms. 
Earth scientists have been attempting to 
reconstruct the seawater temperature over 
time, but it is not easy to do so. “When you go 
back in time, you don't have any fossilised 
seawater,” explains Ramananda Chakrabarti, 
corresponding author of the study published 
in Chemical Geology. Therefore, he and his 
team turned to otoliths – tiny bones found in 
the inner ear of fish. Like corals, otoliths are 
made of calcium carbonate and grow 
throughout a fish's lifetime by accumulating 
minerals from seawater. Similar to tree rings, 
these otoliths also hold clues to the fish's age, 
migration patterns, and the type of water that 
the fish lived in. For several years, 
Chakrabarti and his team have been tracking 
calcium carbonate deposits found in tiny 
animals like corals or foraminifera. In the 
current study, they chose otoliths as scientists 
have discovered fossilised otolith samples 
dating as far back as the Jurassic period (172 
million years ago). The researchers used six 
present-day otolith samples collected from 
different geographical locations along the east 

coast of North America. They analysed the 
ratio of different calcium isotopes in these 
otoliths with a Thermal Ionisation Mass 
Spectrometer (TIMS). By measuring the 
ratios of calcium isotopes in the sample, they 
were able to correlate it with the seawater 
temperatures from which the fish were 
collected. In addition to calcium isotopes, the 
team also analysed the concentration of other 
elements like strontium, magnesium, and 
barium, and their ratios in the same sample, 
and collated the data together to tease out a 
more accurate value for seawater temperature 

within a range of plus or minus one degree 
Celsius when compared to the actual value. 
Organisms that live in the ocean are extremely 
sensitive to temperatures. A two-degree 
temperature rise could lead to the extinction of 
several species. In addition, because the 
atmosphere and the ocean are “on talking 
terms”, says Chakrabarti, a lot of the carbon 
dioxide in the atmosphere eventually dissolves 
into the ocean, and this ability to dissolve 
carbon dioxide is also linked to seawater 
temperature – the lower the temperature, the 
more carbon dioxide is trapped. Just like a 
carbonated drink that loses its fizz as it warms 
up, the ocean loses its ability to hold carbon 
dioxide as it gets warmer.

Because of the close correlation they found 
between ca lc ium isotope  ra t ios  and 
temperatures, the authors are confident that 
their approach can now be used on fossilised 
samples. 

Source: IISc news release

Computer Science

AI algorithm that detects brain abnormalities could help 
cure epilepsy

The Multicentre Epilepsy Lesion Detection 
project (MELD) used over 1,000 patient MRI 
scans from 22 global epilepsy centres to 
develop the algorithm, which provides reports 
of where abnormalities are in cases of drug-
resistant focal cortical dysplasia (FCD) – a 
leading cause of epilepsy. FCDs are areas of 
the brain that have developed abnormally and 
often cause drug-resistant epilepsy. It is 
typically treated with surgery, however 
identifying the lesions from an MRI is an 
ongoing challenge for clinicians, as MRI 
scans in FCDs can look normal. To develop 
the algorithm, the team quantified cortical 
features from the MRI scans, such as how 
thick or folded the cortex/brain surface was 
and used around 300,000 locations across the 
brain. Researchers then trained the algorithm 
on examples labelled by expert radiologists as 
either being a healthy brain or having FCD – 
dependant on their patterns and features. The 
findings, published in Brain, found that 
overall, the algorithm was able to detect the 
FCD in 67% of cases in the cohort (538 
participants).  Previously, 178 of the 

participants had been considered MRI 
negative, which means that radiologists had 
been unable to find the abnormality – yet the 
MELD algorithm was able to identify the 
FCD in 63% of these cases. This is 
particularly important, as if doctors can find 
the abnormality in the brain scan, then surgery 
to remove it can provide a cure. Co-first 
author, Mathilde Ripart said: “We put an 
emphasis on creating an AI algorithm that was 
interpretable and could help doctors make 
decisions. Showing doctors how the MELD 
algorithm made its predictions was an 
essential part of that process.” Co-senior 

author, Dr Konrad Wagstyl added: "This 
algorithm could help to find more of these 
hidden lesions in children and adults with 
epilepsy, and enable more patients with 
epilepsy to be considered for brain surgery that 
could cure the epilepsy and improve their 
cognitive development. Roughly 440 children 
per year could benefit from epilepsy surgery in 
England." Co-first author, Dr. Hannah Spitzer 
said: “Our algorithm automatically learns to 
detect lesions from thousands of MRI scans of 
patients. It can reliably detect lesions of 
different types, shapes and sizes, and even 
many of those lesions that were previously 
missed by radiologists.” Co-senior author, Dr 
Sophie Adler added: “We hope that this 
technology will help to identify epilepsy-
causing abnormalities that are currently being 
missed. Ultimately it could enable more 
people with epilepsy to have potentially 
curative brain surgery.”

Source: University College London news 

release
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Engineering Science

Device to streamline interactions between ultra-cold and room-
temperature computers

An international team of scientists, led by UC 

Santa Barbara's Paolo Pintus has designed a  

device to help cryogenic computers talk with 

their  fair-weather  counterparts .  The 

mechanism uses a magnetic field to convert 

data from electrical current to pulses of light. 

The light can then travel via fiber-optic cables, 

which can transmit more information than 

regular electrical cables while minimizing the 

heat that leaks into the cryogenic system. The 

team's results appear in the journal Nature 

Electronics. “A device like this could enable 

seamless integration with cutting-edge 

technologies based on superconductors, for 

example,” said Pintus, a project scientist in 

UC Santa Barbara's Optoelectronics Research 

Group. Superconductors can carry electrical 

current without any energy loss, but typically 

require temperatures below -450° Fahrenheit 

to work properly. Right now, cryogenic 

systems use standard metal wires to connect 

with room-temperature electronics. Unfort-

unately, these wires transfer heat into the cold 

circuits and can only transmit a small amount 

of data at a time. Pintus and his collaborators 

wanted to address both these issues at once. 

“The solution is using light in an optical fiber 

to transfer information instead of using 

electrons in a metal cable,” he said. Fiber 

optics are standard in modern telecomm-

unications. These thin glass cables carry 

information as pulses of light far faster than 

metal wires can carry electrical charges. As a 

result, fiberoptic cables can relay 1,000 times 

more data than conventional wires over the 

same time span. And glass is a good insulator, 

meaning it will transfer far less heat to the 

cryogenic components than a metal wire. 

However, using fiber optics requires an extra 

step: converting data from electrical signals 

into optical signals using a modulator. This is a 

routine process at ambient conditions, but 

becomes a bit tricky at cryogenic temp-

eratures. Pintus and his collaborators built a 

device that translates electrical input into 

pulses of light. An electric current creates a 

magnetic field that changes the optical 

properties of a synthetic garnet. Scientists 

refer to this as the “magneto-optic effect.” The 

magnetic field changes the garnet's refractive 

index, essentially its “density” to light. By 

changing this property, Pintus can tune the 

amplitude of the light that circulates in a 

micro-ring resonator and interacts with the 

garnet. This creates bright and dark pulses that 

carry information through the fiberoptic cable 

like Morse code in a telegraph wire. “This is 

the first high-speed modulator ever fabricated 

using the magneto-optic effect,” Pintus 

remarked.

Source: UC Santa Barbara news release

Engineering Science

New practical method of producing Airy beams could enhance ultrasound

Researchers at Washington University in St. 

Louis recently invented a technique for 

generating ultrasound waves that can self-

bend, like the rainbow. Airy beams are a class 

of acoustic waves that move on a curved, arch-

like trajectory and can auto-focus around 

obstacles that are directly in the beam's path, 

which makes them well suited for ultrasound 

applications in biomedical imaging, therapy, 

non-destruct ive tes t ing and par t ic le 

manipulation. However, generating Airy 

beams in water requires large, expensive 

equipment, which has limited their broad 

applications in ultrasound. Hong Chen, 

associate professor of biomedical engineering 

in the McKelvey School of Engineering and of 

radiation oncology at the School of Medicine, 

and members of her Ultrasound Laboratory 

designed, and 3D printed a flexible and 

versatile tool known as Airy beam-enabled 

binary acoustic metasurfaces (AB-BAMs) for 

ultrasound beam manipulation. They then 

demonstrated the capability of AB-BAM in 

water. They reported their findings in the 

journal Physical Review Applied.

According to Zhongtao Hu, a postdoctoral 

research associate and first author of the 

paper, their team is the first to develop the 3D-

printed AB-BAMs to successfully generate 

Airy beams for ultrasound focusing. “Airy 

beams are unique because we can tune the size 

of the focal region,” he said. “These 3D-

printed AB-BAMs can be used in broad 

applications, including ultrasound-mediated 

tumor ablation or drug delivery.” Their 3D-

printed AB-BAMs enable flexible and 

versatile ultrasound beam manipulation, 

including a sharply focused, tunable, steerable 

beam, which is useful for various ultrasound 

applications. For example, high-intensity 

focused ultrasound (HIFU) therapy requires a 

short beam that can generate intense heat at a 

single point to destroy a cancerous tumor 

without damaging nearby healthy tissue. On 

the other hand, regular ultrasound imaging that 

is used to diagnose disease requires a beam 

with narrow lateral focal dimensions to 

improve resolution. In addition to Chen and 

Hu, other members of the research team 

include WashU graduate students Yaoheng 

Yang and Lu Xu, as well as Yun Jing, a faculty 

member in the acoustics graduate program at 

Penn State University. 

Source: Washington University in St. Louis 

news release
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Engineering Science

Novel privacy-preserving camera captures only objects of interest at 
speed of light

A research team led by UCLA Samueli 
School of Engineering's Volgenau Professor 
for Engineering Innovation Aydogan Ozcan 
designed a smart camera that takes pictures of 
only relevant objects while instantaneously 
preventing other details from being captured. 
The team recently published a research paper 
in eLight that demonstrated the new paradigm 
to achieve privacy-preserving, secure imag-
ing by building a camera using artificial 
intelligence, which does not require any 
digital post-processing currently used by 
algorithms in apps that blur individuals' faces 
or encrypt sensitive data such as Social 
Security numbers. “We'd like to design a 
robust, power-efficient and secure smart 
camera that can safeguard privacy by 
controlling what a camera lens sees and 
captures before one clicks the shutter,” said 
Ozcan, who is also the associate director of 
entrepreneurship, industry and academic 
exchange at the California NanoSystems 
Institute at UCLA.

The camera consists of up to seven 

transmissive, 3D-printed surfaces, each 
composed of tens of thousands of diffractive 
features at the scale of the wavelength of light. 
Using deep learning-based training, the team 
fabricated and assembled the structure of 
these successive layers. When the input 
objects from the target optical fields appear in 
front of the camera lens, they are captured as 
high-quality images, whereas when the input 
objects belong to other undesired classes, they 
are optically erased, forming random and low-
intensity patterns that become noise in the 
background of  an image.  Since the 

characteristic information of undesired classes 
of objects is optically erased at the camera 
output through light diffraction, this AI-
designed camera never records such 
information. This enables optimized privacy 
protection since any attempt to access the 
recorded images of the camera will fail to 
reconstruct the original objects. This feature 
can also reduce cameras' data storage and 
transmission load since the images of 
undesired objects are not recorded. Except for 
the illumination light, the smart camera does 
not require any external power for its 
computation and operates at the speed of light, 
making it fast as well as data- and energy-
efficient. This technique is especially suitable 
for task-specific, privacy-focused and power-
conserving imaging applications. “The core 
AI training of this diffractive camera design 
can lead to future imaging systems that 
consume orders of magnitude less power in 
computing and data transmission,” Ozcan 
said.

Source: University of California Los Angles 
news release

Engineering Science

New research "UNCOVERS" hidden objects in high resolution

In a paper recently published in the journal 
Nature Photonics, Caltech researchers and 
their colleagues describe a new method that 
essentially transforms nearby surfaces into 
lenses that can be used to indirectly image 
previously obscured objects. The technology, 
developed in the laboratory of Changhuei 
Yang, Thomas G. Myers Professor of 
Electrical Engineering, Bioengineering, and 
Medical Engineering, is a form of non-line-of-
sight (NLOS) sensing—or sensing that 
detects an object of interest outside of the 
viewer's line of sight. The new method, 
dubbed UNCOVER, does this by using 
nearby flat surfaces, such as walls, like a lens 
to clearly view the hidden object. UNCOVER 
directly counteracts scattering through its use 
of wavefront shaping technology. Wavefront 
shaping was previously unviable because it 
requires the use of a guidestar, an approximate 
point source of light that allows details of the 
hidden object to be deduced. "We know that 
lenses image a point onto another point. If you 
are looking through a bad 'lens' with matte 

surfaces, the image of a point is now blurred, 
and the light spreads all over the place, but you 
can grind and polish the matte surface to 
navigate the light to the correct position," 
explains electrical engineering graduate 
student Ruizhi Cao, the first author of the 
Nature Photonics paper. "That is how a 
guidestar helps you in principle: It tells us 
where the tiny bumps are, so that we know 
how to correctly polish the surface."

Yang and his colleagues found that the hidden 
object itself could be used as the guidestar. 
The result is an NLOS imaging method that 

pieces the scattered light back together into a 
clear image of the hidden object. According to 
Cao, the imaging method might be useful for 
autonomous driving, rescue missions, and 
other remote-sensing related missions. In the 
case of autonomous driving, Cao says: "We 
can see all the traffic on the crossroads with this 
method. This might help the cars to foresee the 
potential danger that one is not able to see 
directly."

The use of  U N C O V E R might  al low 
automobiles to see as well as humans, but also 
for humans to become better drivers. Whereas 
a human driver might be able to spot an 
upcoming jaywalker a few feet away, an 
autonomous car outfitted with UNCOVER 
technology could potentially be able to spot 
such an instance on the next block, provided 
that the imaging conditions are optimal.

Source: Caltech news release. Author: Harry 
Stoltz

Physics, Maths and Engineering



DISCOVERIES & INNOVATIONS

37 The Scitech Journal Volume 09 Issue 10 October 2022

Medical Engineering

New wearable sensor detects even more compounds in human sweat

A team of researchers from Caltech's Cherng 
Department of Medical Engineering has 
unveiled a new wearable sensor that can detect 
in human sweat even minute levels of many 
common nutrients and biological compounds 
that can serve as indicators of human health. 
The sensor technology was developed in the 
lab of Wei Gao, assistant professor of medical 
engineering, Heritage Medical Research 
Institute investigator, and Ronald and JoAnne 
Willens Scholar. For years, Gao's research has 
focused on wearable sensors with medical 
applications, and this latest work represents 
the most precise and sensitive iteration yet. 
The new sensor technology includes what 
Gao calls molecularly imprinted polymers, 
which are like artificial, reusable antibodies. 
To picture how they work, imagine a 
hypothetical object shaped like a plus sign. If 
you take that object and pour silicone rubber 
over the top of it, let the rubber harden, and 
then pull the molecule out of the rubber, you 
now have a chunk of rubber with a plus-
shaped hollow in it. Only objects with that 
same size and shape will fit nicely into the 

hollow. Molecularly imprinted polymers 
work the same way, but on a much smaller 
scale. 

Gao's innovation is to combine that specially 
formed polymer with a material that can be 
oxidized or reduced under an applied 
electrical voltage when in contact with human 
sweat. As long as those glutamine-shaped 
holes are open, sweat comes into contact with 
the inner layer of the sensor and an electrical 
signal is generated. But as glutamine 
molecules come into contact with the 
polymer, they slip into those holes that were 

made for them. As those holes become 
plugged with glutamine molecules, less sweat 
is able to contact the inner layer, and the 
electrical signal becomes weaker. By 
monitoring that electrical signal, the 
researchers can then deduce how much 
glutamine is present in the sweat. More 
glutamine means a weaker signal. Less 
glutamine results in a stronger signal. "This 
unique strategy allows us to detect all of the 
nine essential amino acids and multiple 
vitamins," Gao says. "We can do them all 
continuously." The second innovation in Gao's 
research is the use of microfluidics, a 
technology that utilizes tiny channels less than 
a quarter millimeter wide to manipulate small 
amounts of fluids. Microfluidics allow the 
sensor to operate when even a miniscule 
amount of sweat is present. The paper 
describing the research appears in the journal 
Nature Biomedical Engineering.

Source: California Institute of Technology 
news release

Nanotechnology

Pipes two million times smaller than an ant

Working on microscopic pipes only a 
millionth as wide as a single strand of human 
hair, Johns Hopkins University researchers 
have engineered a way to ensure that these 
tiniest of pipes are safe from the tiniest of 
leaks. The highly precise measurements are 
outlined in Science Advances. "This study 
suggests very strongly that it's feasible to build 
nanotubes that don't leak using these easy 
techniques for self-assembly, where we mix 
molecules in a solution and just let them form 
the structure we want," said Rebecca 
Schulman who co-led the research. The team 
worked with tubes roughly seven nanometers 
in diameter—about two million times smaller 
than an ant—and several microns long, or 
about the length of a dust particle. The method 
builds on an established technique that 
repurposes pieces of DNA as building blocks 
to grow and repair the tubes while enabling 
them to seek out and connect to specific 
structures.

"Building a long tube from a pore could allow 
molecules not only to cross the pore of a 
membrane that held the molecules inside a 
chamber or cell, but also to direct where those 

molecules go after leaving the cell," 
Schulman said. "We were able to build tubes 
extending from pores much longer than those 
that had been built before that could bring the 
transport of molecules along nanotube 
'highways' close to reality." The nanotubes 
form using DNA strands that are woven 
between different double helices. Their 
structures have small gaps in the weave. 
Because of the extremely small dimensions, 
scientists had not been able to test whether the 
tubes could transport molecules for longer 

distances without leaking or whether 
molecules could slip through their wall gaps.

Yi Li who co-led the study, performed the 
nano-equivalent of capping the end of a pipe 
and turning on a faucet to make sure no water 
leaks out. Yi capped the ends of the tubes with 
special DNA "corks," and ran a solution of 
fluorescent molecules through them to track 
leaks and influx rates. By precisely measuring 
the shape of the tubes, how their biomolecules 
connected to specific nanopores, and how fast 
the fluorescent solution flowed, the team 
demonstrated how the tubes moved molecules 
into tiny, lab-grown sacks resembling a cell's 
membrane. The glowing molecules slid 
through like water down a chute. DNA 
nanotubes could help scientists gain a better 
understanding of how neurons interact with 
one another. Researchers could also use them 
to study diseases like cancer, and the functions 
of the body's more than 200 types of cells.

Source: Johns Hopkins University news 
release
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Photonics

New quantum technology combines free electrons and photons

Faster computers, tap-proof communication, 
sensors beyond standard quantum limit – 
quantum technologies have the potential to 
revolutionize our lives just as once the 
invention of computers or the internet. 
Experts worldwide are trying to implement 
findings from basic research into quantum 
technologies. In a new study, recently 
published in the journal Science, scientists 
from EPFL's Laboratory of Photonics and 
Quantum Measurement, Göttingen Max 
Planck Institute for Multidisciplinary 
Sciences (MPI-NAT) and the University of 
Göttingen demonstrate a novel method for 
generating cavity-photons using free 
electrons, in a form of pair states. To do so, 
they used chip-based photonic integrated 
circuits in an electron microscope. In the 
experiment, the beam of an electron 
microscope passes on a built-in integrated 
photonic chip, consisting of a micro-ring 
resonator and optical fiber output ports. This 
new approach, using photonic structures 
fabricated at EPFL for transmission electron 
microscope (TEM) experiments performed at 
MPI-NAT, was established in a recent study.

Whenever an electron interacts with the 
vacuum evanescent field of the ring resonator, 
a photon can be generated. In this process, 
obeying the laws of energy and momentum 
conservation, the electron loses the energy 
quantum of a single photon. Through this 
interaction, the system evolves into a pair 
state. Thanks to a newly developed meas-
urement method, the scientists could 
precisely detect simultaneously both electron 
energy and generated photons, revealing the 
underlying electron-photon pair states.

Besides observing this process for the first 
time at the single particle level, these findings 

implement a novel concept for generating 
single-photon or electron. Specifically, the 
measurement of the pair state enables heralded 
particle sources, where the detection of one 
particle signals the generation of the other. 
This is necessary for many applications in 
quantum technology and adds to its growing 
toolset. “The method opens up fascinating new 
possibilities in electron microscopy. In the 
field of quantum optics, entangled photon 
pairs already improve imaging. With our work, 
such concepts can now be explored with 
electrons,” explains Claus Ropers, MPI-NAT 
Director. In the first proof-of-principle 
experiment, the researchers make use of the 
generated correlated electron-photon pairs for 
photonic mode imaging, achieving a three-
orders of magnitude contrast enhancement. 
Dr. Yujia Yang, a postdoc at EPFL and a co-
lead author of the study, adds: “We believe our 
work has a substantial impact on the future 
development in electron microscopy by 
harnessing the power of quantum technology.”

Source: EPFL news release

Physics, Maths and Engineering

Physics

Charge and magnetism intertwine in kagome material

Physicists have discovered a material in 
which atoms are arranged in a way that so 
frustrates the movement of electrons that they 
engage in a collective dance where their 
electronic and magnetic natures appear to 
both compete and cooperate in unexpected 
ways. Led by Rice University physicists, the 
research was published online in Nature. The 
researchers studied pure iron-germanium 
crystals and discovered standing waves of 
fluid electrons appeared spontaneously 
within the crystals when they were cooled to a 
critically low temperature. Intriguingly, the 
charge density waves arose while the material 
was in a magnetic state, to which it had 
transitioned at a higher temperature. “A 
charge density wave typically occurs in 
materials that have no magnetism,” said study 
co-corresponding author Pengcheng Dai of 
Rice. “Materials that have both a charge 
density wave and magnetism are actually rare. 
Even more rare are those where the charge 
density wave and magnetism 'talk' to each 
other, as they appear to be doing in this case.” 
The iron-germanium crystals used in the 
experiments were grown in Dai's lab and 

feature a distinct arrangement of atoms in 
their crystal lattice that is reminiscent of the 
patterns found in Japanese kagome baskets. 
Equilateral triangles in the lattice force 
electrons to interact, and because they loathe 

to be near one another, this forcing frustrates 
their movements. The forcing increases as 
temperatures drop, giving rise to collective 
behaviors like the charge density wave. Study 
co-corresponding author Ming Yi, also of 
Rice, said, “The charge density wave is like 
waves forming on the surface of the ocean. It 
only forms when the conditions are right. In 
this case, we observed it when a unique feature 
in the shape of a saddle appeared in the 
quantum states that the electrons are allowed 
to live in. The connection with magnetic order 
is that this charge density wave only occurs 
when magnetism makes the saddle appear. 
That is our hypothesis.” The experiments offer 
a tantalizing glimpse of the properties 
physicists will find in quantum materials that 
have both topological features and those 
arising from strongly correlated electron 
interactions.

Source: Rice University news release.
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advancements would be a helping factor in analyzing the happenings around, to 
gain a better understanding about the life and the universe.
 
The publication would be use full to students, teachers and public as the latest 
research and discoveries already published in highly reputed peer reviewed journals 
are presented in simple language and format. The readers may considerably save 
their time as our editorial team is collecting the information through browsing 
thousands of web pages every month. This news journal would be apt for any 
institutional library.
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