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Research Innovation Initiative Gathering (RIIG) at G-20 Research 
Ministers meeting

Secretary, Department of Science and Technology (DST) Dr. Srivari 

Chandrasekhar highlighted those materials for sustainable energy, 

scientific challenges & opportunities to achieving a sustainable blue 

economy, biodiversity, and economy would be the major themes and 

topics of the Research Innovation Initiative Gathering (RIIG) during 

India's presidency starting from 1st December 2022.  

He informed that discussions would be centered on developing the 

science for innovation and sustainable growth, connecting science and 

society, science for culture & heritage, traditional knowledge, and 

medicine.

“India is committed to implementing G-20 Research Innovation 

Initiative Gathering (RRIG) deliverables and seek support on the G-20 

research and innovation agenda for India's G-20 presidency next year,” 

said Dr. Chandrasekhar while representing the Minister for Science and 

Technology at the G-20 Research Ministers meeting at Jakarta. 

He elaborated on India's evolution into a country with major global 

contributions in research and innovations and highlighted the country's 

participation in international scientific collaborations.

“India is partnering in all the global forums, including the construction 

and establishment of mega-science facilities in India and abroad. We 

also partner with multilateral forums like UN, ASEAN, BRICS, 

BIMSTEC, SCO, G-20, etc. Science has to be global, and solutions to 

challenges should be regional,” he said.

“We aim to adopt a new approach that makes research infrastructure 

available for all stakeholders and finalising guidelines for Scientific 

Research Infrastructure Sharing Maintenance and Networks 

(SRIMAN). Besides, following global trends on a unified nationwide 

subscription-based model for knowledge, we are creating a central 

repository for all S&T data,” DST Secretary pointed out.

Dr. Chandrasekhar spoke about India's efforts in enhancing domestic 

manufacturing capacity underlining how the country's generic industry 

and vaccine manufacturing capability had supported global safety 

during the pandemic.

“We also promote a plurality of solutions for a variety of social, 

economic strata as well as geographical regions and focus on rural as 

well as urban problems in the country. Impact-based research 

evaluation is undertaken in a framework of research excellence 

keeping in mind local needs. Mainstreaming science communication 

has been taken up as a major challenge with the aim of increasing 

people's participation in science,” he said.

“India has recently launched policies like Scientific Social 

Responsibility (SSR) and Corporate Social Responsibility (CSR) to 

disseminate scientific knowledge and also promote science and 

technology across the ecosystems. We also launched many 

programmes for gender equality in the country. Many national missions 

have been launched partnering with international players to work on 

cyber-physical systems health, education, energy, environment, 

agriculture, Industry 4.0, etc.,” DST Secretary pointed out, expressing 

confidence that collaborations will bring opportunities for G-20 

partners and promote innovation as single point agenda for all in the 

group.

The Research Ministers meeting has been planned to be held in 1st 

week of July 2023.

Source: PIB
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Prime Minister urges CSIR to develop vision for 2042 when it turns 100 
years old

Prime Minister Shri Narendra Modi, who is President of the Council of 

Scientific and Industrial Research (CSIR) chaired the meeting of CSIR 

Society at 7, Lok Kalyan Marg on 15, October 2022.

Union Minister of State (Independent Charge) Science & Technology, 

Dr Jitendra Singh, who is the Vice President of CSIR and Union 

Minister of Commerce and Industry, Shri Piyush Goyal were present in 

the meeting along with other CSIR Society members who include 

eminent scientists, industrialists and Secretaries of scientific and other 

ministries in the government.

Prime Minister appreciated the efforts of CSIR in the past 80 years and 

urged to develop vision for 2042 when CSIR turns 100 years old. He 

also highlighted the significance of documenting the journey of the past 

80 years, which can help take a review of progress achieved and identify 

areas of lacunae which can be addressed. He emphasized that for 

technology to reach the common man, an integrated approach of 

scientific, commercial and social components must be pursued. He 

asked the leaders of the scientific community to adopt a one person one 

lab approach to help boost scientific research and development through 

such a focussed approach. He also suggested that a virtual summit of all 

labs can be held regularly in which they can learn new things from each 

other's experience.

Prime Minister called upon scientific community to come up with 

technological solutions to increase protein content in cereals and new 

varieties of millets to improve the yield and also the nutritional content. 

He asked scientists to develop a catalogue of high nutritional value of 

indigenous food products, which will help enhance their global 

acceptability. He called upon the industry and academic and research 

organizations to work seamlessly with greater integration and focus on 

addressing India's energy needs and also foster circular economy and 

develop economically viable solutions towards sustainable 

development.

Prime Minister called for India to develop technologies not only for 

India but for the world and pursue novel approaches for addressing 

energy needs focussing on Green energy. He highlighted the need to use 

scientific approach and technology such as AI in various fields ranging 

from traditional knowledge to mapping students to their interest, skill 

sets and competencies which will make them better suited to meet the 

demands of future India and the world as we move towards Vision 2047 

with the aim of India being a global leader. 

Earlier, in his opening remarks, Dr Jitendra Singh highlighted that this 

year CSIR has completed 80 years just around the time when India 

celebrated 75 years of independence and the two have traversed the 

journey together. He emphasised for integration, synergy and 

desiloization of industry, academia and research.

DG-CSIR, Dr N Kalaiselvi made a presentation on the recent 

achievements and contribution of CSIR and highlighted the recent 

efforts on India's first Hydrogen fuel cell bus, ushering in purple 

revolution in J&K and opening of TKDL library to spur innovation 

based on India's rich traditional knowledge. The preparedness for 

future pandemics through mRNA platform technology, nurturing 

young scientific leaders, and sustainable start-ups and reaching out to 

the school students through Jigyasa virtual lab were some of the other 

major initiatives that were highlighted by DG-CSIR. She also 

presented the road map of CSIR Vision 2030 which is aligned to 

national ambitions and vision@2047.

Source: PIB
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Integrated Geospatial Information Framework (IGIF) for supporting 
sustainable development goals 

Experts discussed how the Integrated Geospatial Information 

Framework (IGIF), which provide a basis for developing, integrating, 

strengthening, and maximizing geospatial information management in 

all countries, could help supporting sustainable development and the 

well-being of society as well as overcoming challenges of the global 

village like flood, earthquake, pandemic, energy, digital security and so 

on at the 2nd UN World Geospatial Information Congress (UNWGIC 

2022 .)

Stefan Schweinfest, Director, Statistics Division, United Nations, 

highlighted the need for participation from the government, private 

sector, data producer, and data user, as well as social and environmental 

perspectives from developed and underdeveloped countries for 

successful implementation of the framework, at a plenary session of 

UNWGIC. 

“There are three main components of the IGIF- overarching strategies, 

implementation guide, and country level action plan, to strengthen 

geospatial information management to deliver sustainable social, 

economic and environmental development for a better future,” Deirdre 

Dalpiaz Bishop, Chief, Geography Division, US Census Bureau, USA 

pointed out.

“We are more physically and digitally connected than ever, and there is a 

need to collaborate for improved geospatial data, innovation, education 

and communication, and engagement from all countries for 

implementing IGIF in tackling global challenges, as a major disaster in 

one country impacts adjacent countries,” she added.

Albert Momo, Vice President and Executive Director, Trimble, an 

industrial technology company, emphasised the role of geospatial 

technology in digital transformation. “It can alter sensing, modeling, 

analytics as also the work of geospatial professionals, agriculture 

planning, heavy civil construction, building design, construction and 

operation, transportation and logistics, water and wastewater utilities, 

electricity utilities, field services, and government. Our goal is to 

enable a sustainable future for better world," he elaborated.

Sydney Simelane, Principal Secretary, Ministry of Agriculture, 

Eswatini, underlined the need for availability of geospatial information 

to implement climate change mitigation and adaption, especially in 

small countries like Eswatini. “We also need legal frameworks for 

safeguarding the availability and usage of geospatial information and 

institutional frameworks to ensure data standards, interoperability, and 

accessibility. All policies, strategies, and action plans for tackling 

climate and other environmental changes are in vain without geospatial 

information because these occurrences take place somewhere,” 

Sydney pointed out.

During the 2nd UNWGIC, a report on “Indian experience in alignment 

with IGIF was unveiled by Union Minister for Science and Technology 

and Earth Sciences, Dr Jitendra Singh. Based on this experience India is 

also bidding for the chairmanship of the newly constituted Working 

Group on IGIF under the UNGGIM-AP (Asia pacific).

The five-day conference is being hosted by the Department of Science 

& Technology (DST) and convened by the United Nations Committee 

of Experts on Global Geospatial Information Management. With the 

theme of 'Geo-Enabling the Global Village: No one should be left 

behind,' the Second UNWGIC 2022 reflects on the importance of 

integrated geospatial information infrastructure and knowledge 

services to support the implementation and monitoring of sustainable 

development goals.

Source: PIB
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Students showcase their spatial thinking in localising SDGs

Students from 18 schools across the country presented new ideas on how 

geospatial technologies can be embedded to address local challenges 

like protecting the heritage, soil fertility, crop diversity, clean city, water 

management, women empowerment, waste management, digital India, 

clean energy, climate change and so on to achieve sustainable 

development goals (SDGs).

Teams from 18 urban and rural schools across India showcased the use 

of geospatial information and technology in understanding local issues 

and its use in planning and implementing at a special event titled 'Geo-

enabling the global village with Generation Z and Alpha' of the Second 

United Nations World Geospatial Information Congress today 

(UNWGIC).

Efforts in mapping chemical fertilizer use in farms, as well as their 

production against organic fertilizer usage along with their production, 

were showcased. Students also highlighted initiatives of mapping rural 

biodiversity loss over time, as well as mapping of local recyclable 

products to source them effectively and increase their usage.

The young teams focused on SDGs of zero hunger, gender equality, 

decent work and economic growth, sustainable cities and communities, 

responsible consumption and production, climate action, and life on 

land. The event could show the way to localize the implementation of the 

SDGs through geospatial thinking.

In his address, Stefan Schweinfest, Director UN Statistics Division, said 

that SDGs is not just a document but it is a proper action plan to engage 

with each other, work together and bring solutions for a better world. 

“All the projects are truly incredible and great examples for localising 

the SDGs. Rather than competition, the purpose of this session is to 

interact with each other, make friends and discuss how to take the ideas 

forward in the future so that you can be a UN representative for SDGs,” 

he added.

 Dr. Subha Pandey, Scientist, Department of Science and Technology 

(DST), who chaired the session, elaborated on the DSTs activities and 

emphasized on geospatial technology use at school and community 

levels to localize SDGs.

The Second United Nations World Geospatial Information Congress 

(UNWGIC 2022) is being held at Hyderabad International Convention 

Centre (HICC), India, from 10 to 14 October 2022 with the theme 

'Geo-Enabling the Global Village: No one should be left behind. It has 

been convened by the United Nations Committee of Experts on Global 

Geospatial Information Management (UN-GGIM) and organized by 

the Department of Economic and Social Affairs of the United Nations 

and hosted by the Department of Science & Technology (DST) – 

Ministry of Science and Technology, Government of India.

Students from 18 schools across the country presented new ideas on how geospatial technologies can be 
embedded to address local challenges
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Nobel Prize in Economic Sciences 2022

The Royal Swedish Academy of Sciences has awarded the Sveriges 

Riksbank Prize in Economic Sciences in Memory of Alfred Nobel 2022 

to Ben S. Bernanke- The Brookings Institution, Washington DC, USA, 

Douglas W. Diamond- University of Chicago, IL, USA, and Philip H. 

Dybvig-Washington University in St. Louis, MO, USA “for research on 

banks and financial crises”

 Their discoveries improved how society deals with financial crises

This year's laureates in the Economic Sciences, Ben Bernanke, Douglas 

Diamond and Philip Dybvig, have significantly improved our 

understanding of the role of banks in the economy, particularly during 

financial crises. An important finding in their research is why avoiding 

bank collapses is vital.

Modern banking research clarifies why we have banks, how to make 

them less vulnerable in crises and how bank collapses exacerbate 

financial crises. The foundations of this research were laid by Ben 

Bernanke Douglas Diamond Philip Dybvig,  and  in the early 1980s. 

Their analyses have been of great practical importance in regulating 

financial markets and dealing with financial crises.

For the economy to function, savings must be channelled to investments. 

However, there is a conflict here: savers want instant access to their 

money in case of unexpected outlays, while businesses and homeowners 

need to know they will not be forced to repay their loans prematurely. In 

their theory, Diamond and Dybvig show how banks offer an optimal 

solution to this problem. By acting as intermediaries that accept deposits 

from many savers, banks can allow depositors to access their money 

when they wish, while also offering long-term loans to borrowers.

However, their analysis also showed how the combination of these two 

activities makes banks vulnerable to rumours about their imminent 

collapse. If a large number of savers simultaneously run to the bank to 

withdraw their money, the rumour may become a self-fulfilling 

prophecy – a bank run occurs and the bank collapses. These dangerous 

dynamics can be prevented through the government providing deposit 

insurance and acting as a lender of last resort to banks.

Diamond demonstrated how banks perform another societally 

important function. As intermediaries between many savers and 

borrowers, banks are better suited to assessing borrowers' 

creditworthiness and ensuring that loans are used for good investments.

Ben Bernanke analysed the Great Depression of the 1930s, the worst 

economic crisis in modern history. Among other things, he showed how 

bank runs were a decisive factor in the crisis becoming so deep and 

prolonged. When the banks collapsed, valuable information about 

borrowers was lost and could not be recreated quickly. Society's ability 

to channel savings to productive investments was thus severely 

diminished.

“The laureates' insights have improved our ability to avoid both serious 

crises and expensive bailouts,” says Tore Ellingsen, Chair of the 

Committee for the Prize in Economic Sciences.

Source: Nobel Prize. Org news release

Prize in Economic Sciences 2022 has been awarded to Ben S. Bernanke, Douglas W. Diamond- and Philip H. Dybvig  
“for research on banks and financial crises”

Ben S. Bernanke, Douglas W. Diamond and Philip H. Dybvig
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Keep an eye out for pink eye

Over the past few weeks, there has been a five-fold increase in cases of 

conjunctivitis in the cities of Mumbai and Chennai. This has put the 

civic public health department officials on high alert. They then issued a 

warning to the public about an outbreak of eye infections after receiving 

information from multiple eye hospitals about dealing with almost 50 

cases a day instead of typically dealing with less than 10 cases. 

Normally, this condition occurs seasonally during summer and spring 

when there is an increase in pollen content in the air. In recent times, due 

to erratic weather patterns and increased pollution, there has been an 

increase in eye infection cases irrespective of the season.

What is conjunctivitis?

Conjunctivitis, also known as pink eye, is a condition where the 

conjunctiva is inflamed and infected and is generally characterized by 

swelling and redness of the eye, and in some cases accompanied by 

opaque discharge. The conjunctiva is the thin transparent mucous 

membrane that covers the inner area of the eyelid and the sclera, which is 

the white part of the eye. 

What are the different types of conjunctivitis?

Conjunctivitis can originate from an infectious or non-infectious source. 

Infectious sources include bacteria, fungi, viruses and parasites. 

Whereas non–infectious sources include allergens, toxins and other 

irritants. Based on the duration of the infection, conjunctivitis is 

classified as acute and chronic. In acute cases, the infection stays for 1 to 

2 weeks, whereas in chronic cases it can extend over 4 weeks. Viral 

pathogens contribute to almost 80% of the acute conjunctivitis cases.

Spread of conjunctivitis amongst children

The other factors that influence the prevalence of pink eye are age and 

sex. Incidence is higher in children when compared to adults, notably 

below the age of 12. Madurapandian et al. conducted an epidemiological 

study in a visually impaired school in Tamil Nadu to investigate the 

occurrence of common eye symptoms amongst the students and staff. 

The age of the students ranged between 6 and 13 years. The 

ophthalmologist involved in the study defined a case as an individual 

with symptoms of redness, watering, discharge and foreign-body 

sensation in either of the eyes. They found that out of the 51 individuals 

in the school, 39 of them were affected with acute conjunctivitis, out of 

which 38 were students. On further investigation, they found the primary 

source of infection to be a male hostel resident, who expressed similar 

symptoms prior to the outbreak. His participation in social gatherings 

and close contact with peers contributed to the transmission of the 

disease. All the cases were treated and regularly monitored until 

complete recovery. The case-patients were treated with analgesics, cold 

compress and lubricating eye drops. By implementing quarantine and 

educating the students at the school on personal hygiene measures, all 

the cases recovered within 7 to 10 days of onset of symptoms.  

Association between COVID19 and conjunctivitis 

In December 2019, several cases of COVID-19 were reported in 

Wuhan, China. The number of cases drastically rose in the country and 

eventually spread worldwide. By March 2020, WHO declared it as a 

pandemic, enforcing the entire world to go into lockdown. With safety 

Sananda Pragalathan and A. Michelle Ajit
B. Sc. Biomedical Sciences (Hons), Department of biomedical Sciences, Faculty of Biomedical Sciences and Technology, Sri Ramachandra Institute 

of Higher Education and Research, Porur, Chennai
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Keep an eye out for pink eye

precautions like social distancing, wearing mask and proper 

handwashing skills, there was a significant decrease in other seasonal 

viral pathogens. P. Lalitha et al. carried out a study in Madurai with 

patients from Aravind Eye Center to investigate the infectious agents 

associated with the eye infection during the pandemic. Conjunctivitis 

may be sporadic throughout the year but is mainly dependent on the 

season. The Delta variant of SARS-CoV-2 was a dominant strain during 

mid 2021. The strain originated in India and an immense surge in cases 

was seen in Tamil Nadu, extending from March till July. This time frame 

was parallel to the conjunctivitis season in India. Nasal and conjunctiva 

swabs were collected and analysed to identify the viral causative agent. 

Results indicated that the infection was caused by human adenovirus D 

(HAdV) or human coronavirus OC43 RNA, and in some cases a 

coinfection was diagnosed. 75% of the patients having conjunctivitis 

were infected by HAdV-D and 11% of the cases were related to SAR-

CoV-2. 8% of the cases showed coinfection and for the remaining cases, 

the viral pathogen could not be identified. Although the number of pink 

eye cases associated with SAR-CoV-2 is low, it may be a rare sign of 

covid infection.

Conclusion

Conjunctivitis is a condition that affects all individuals, irrespective of 

their socioeconomic status. It is generally self-limiting and does not 

have any severe outcomes. Differentiating between the types of 

conjunctivitis is crucial to patient care and their outcomes. This depends 

on initial diagnosis, history and examination of the patient. Education 

and awareness regarding early identification of symptoms, following 

personal hygiene measures and prompt isolation, would prevent such 

outbreaks in the future in the similar settings. 
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Most precise accounting yet of dark energy and dark 
matter

Astrophysicists have performed a powerful new analysis that places the 

most precise limits yet on the composition and evolution of the universe. 

With this analysis, dubbed Pantheon+, cosmologists find themselves at 

a crossroads.

Pantheon+ convincingly finds that the cosmos is composed of about 

two-thirds dark energy and one-third matter — mostly in the form of 

dark matter — and is expanding at an accelerating pace over the last 

several billion years. However, Pantheon+ also cements a major 

disagreement over the pace of that expansion that has yet to be solved.

By putting prevailing modern cosmological theories, known as the 

Standard Model of Cosmology, on even firmer evidentiary and 

statistical footing, Pantheon+ further closes the door on alternative 

frameworks accounting for dark energy and dark matter. Both are 

bedrocks of the Standard Model of Cosmology but have yet to be 

directly detected and rank among the model's biggest mysteries. 

Following through on the results of Pantheon+, researchers can now 

hone explanations for the ostensible cosmos.

“With these Pantheon+ results, we are able to put the most precise 

constraints on the dynamics and history of the universe to date,” says 

Dillon Brout, an Einstein Fellow at the Center for Astrophysics, Harvard 

& Smithsonian. “We've combed over the data and can now say with more 

confidence than ever before how the universe has evolved over the eons 

and that the current best theories for dark energy and dark matter hold 

strong.”

Brout is the lead author of a series of papers describing the new 

Pantheon+ analysis, published jointly in a special issue of The 

Astrophysical Journal.

Pantheon+ is based on the largest dataset of its kind, comprising more 

Analyzing more than two decades' worth of supernova explosions, astrophysicists better understand 
composition, evolution of universe.

Pictured is a G299, a remnant left over from a Type Ia supernova, a type of cosmic explosion that helped develop a precise account 

of dark energy and dark matter. Credit: NASA/CXC/U.Texas
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Most precise accounting yet of dark energy and dark matter

than 1,500 stellar explosions called Type Ia supernovae. These bright 

blasts occur when white dwarf stars — remnants of stars like our sun — 

accumulate too much mass and undergo a runaway thermonuclear 

reaction. Because Type Ia supernovae outshine entire galaxies, the 

stellar detonations can be glimpsed at distances exceeding 10 billion 

light years, or back through about three-quarters of the universe's total 

age. Given that the supernovae blaze with nearly uniform intrinsic 

brightnesses, scientists can use the explosions' apparent brightness, 

which diminishes with distance, along with redshift measurements as 

markers of time and space. That information, in turn, reveals how fast 

the universe expands during different epochs, which is then used to test 

theories of the fundamental components of the universe.

The breakthrough discovery in 1998 of the universe's accelerating 

growth was thanks to a study of Type Ia supernovae in this manner. 

Scientists attribute the expansion to an invisible energy, therefore 

monikered dark energy, inherent to the fabric of the universe itself. 

Subsequent decades of work have continued to compile ever-larger 

datasets, revealing supernovae across an even wider range of space and 

time, and Pantheon+ has now brought them together into the most 

statistically robust analysis to date.

“In many ways, this latest Pantheon+ analysis is a culmination of more 

than two decades' worth of diligent efforts by observers and theorists 

worldwide in deciphering the essence of the cosmos” says Adam Riess, 

one of the winners of the 2011 Nobel Prize in physics for the discovery 

of the accelerating expansion of the universe and the Bloomberg 

Distinguished Professor at Johns Hopkins University and the Space 

Telescope Science Institute in Baltimore, Maryland. Riess is also an 

alum of Harvard University, holding a Ph.D. in astrophysics.

Brout's own career in cosmology traces back to his undergraduate years 

at JHU, where he was taught and advised by Riess. There Brout worked 

with then-Ph.D.-student and Riess-advisee Dan Scolnic, who is now an 

assistant professor of physics at Duke University and another co-author 

on the new series of papers.

Several years ago, Scolnic developed the original Pantheon analysis of 

approximately 1,000 supernovae.

Now, Brout and Scolnic and their new Pantheon+ team have added some 

50 percent more supernovae data points in Pantheon+, coupled with 

improvements in analysis techniques and addressing potential sources 

of error, which ultimately has yielded twice the precision of the original 

Pantheon.

Taking the data as a whole, the new analysis holds that 66.2 percent of 

the universe manifests as dark energy, with the remaining 33.8 percent 

being a combination of dark matter and matter. To arrive at even more 

comprehensive understanding of the constituent components of the 

universe at different epochs, Brout and colleagues combined Pantheon+ 

with other strongly evidenced, independent and complementary 

measures of the large-scale structure of the universe and with 

measurements from the earliest light in the universe, the cosmic 

microwave background.

Another key Pantheon+ result relates to one of the paramount goals of 

modern cosmology: nailing down the current expansion rate of the 

universe, known as the Hubble constant. Pooling the Pantheon+ sample 

with data from the SH0ES (Supernova H0 for the Equation of State) 

collaboration, led by Riess, results in the most stringent local 

measurement of the current expansion rate of the universe.

Pantheon+ and SH0ES together find a Hubble constant of 73.4 

kilometers per second per megaparsec with only 1.3 percent uncertainty. 

Stated another way, for every megaparsec, or 3.26 million light years, the 

analysis estimates that in the nearby universe, space itself is expanding at 

more than 160,000 miles per hour.

However, observations from an entirely different epoch of the universe's 

history predict a different story. Measurements of the universe's earliest 

light, the cosmic microwave background, when combined with the 

current Standard Model of Cosmology, consistently peg the Hubble 

constant at a rate that is significantly less than observations taken via 

Type Ia supernovae and other astrophysical markers. This sizable 

discrepancy between the two methodologies has been termed the Hubble 

tension.

The new Pantheon+ and SH0ES datasets heighten this Hubble tension. 

In fact, the tension has now passed the important 5-sigma threshold 

(about one-in-a-million odds of arising due to random chance) that 

physicists use to distinguish between possible statistical flukes and 

something that must accordingly be understood. Reaching this new 

statistical level highlights the challenge for both theorists and 

astrophysicists to try and explain the Hubble constant discrepancy.

“We thought it would be possible to find clues to a novel solution to these 

problems in our dataset, but instead we're finding that our data rules out 

many of these options and that the profound discrepancies remain as 

stubborn as ever,” says Brout.

The Pantheon+ results could help point to where the solution to the 

Hubble tension lies. “Many recent theories have begun pointing to exotic 

new physics in the very early universe, however such unverified theories 

must withstand the scientific process and the Hubble tension continues 

to be a major challenge,” says Brout.

Overall, Pantheon+ offers scientists a comprehensive lookback through 

much of cosmic history. The earliest, most distant supernovae in the 

dataset gleam forth from 10.7 billion light years away, meaning from 

when the universe was roughly a quarter of its current age. In that earlier 

era, dark matter and its associated gravity held the universe's expansion 

rate in check. Such state of affairs changed dramatically over the next 

several billion years as the influence of dark energy overwhelmed that of 

dark matter. Dark energy has since flung the contents of the cosmos ever-

farther apart and at an ever-increasing rate.

“With this combined Pantheon+ dataset, we get a precise view of the 

universe from the time when it was dominated by dark matter to when 

the universe became dominated by dark energy,” says Brout. “This 

dataset is a unique opportunity to see dark energy turn on and drive the 

evolution of the cosmos on the grandest scales up through present time.”

Studying this changeover now with even stronger statistical evidence 

will hopefully lead to new insights into dark energy's enigmatic nature.

“Pantheon+ is giving us our best chance to date of constraining dark 

energy, its origins, and its evolution,” says Brout.

Source: Harvard University news release. Author: Adam Hadhazy
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Why late-night eating leads to weight gain, diabetes

Northwestern Medicine scientists have uncovered the mechanism 

behind why eating late at night is linked to weight gain and diabetes.

The connection between eating time, sleep and obesity is well-known 

but poorly understood, with research showing that overnutrition can 

disrupt circadian rhythms and change fat tissue.

New Northwestern research has shown for the first time that energy 

release may be the molecular mechanism through which our internal 

clocks control energy balance. From this understanding, the scientists 

also found that daytime is the ideal time in the light environment of the 

Earth's rotation when it is most optimal to dissipate energy as heat. 

These findings have broad implications from dieting to sleep loss and 

the way we feed patients who require long-term nutritional assistance.

The paper, “Time-restricted feeding mitigates obesity through 

adipocyte thermogenesis,” published in the journal Science.

"It is well known, albeit poorly understood, that insults to the body clock 

are going to be insults to metabolism,” said corresponding study author 

Dr. Joseph T. Bass, the Charles F. Kettering Professor of Medicine at 

Northwestern University Feinberg School of Medicine. He also is a 

Northwestern Medicine endocrinologist.

“When animals consume Western style cafeteria diets — high fat, high 

carb — the clock gets scrambled,” Bass said. “The clock is sensitive to 

the time people eat, especially in fat tissue, and that sensitivity is thrown 

off by high-fat diets. We still don't understand why that is, but what we 

do know is that as animals become obese, they start to eat more when 

they should be asleep. This research shows why that matters.”

Bass is also director of the Center for Diabetes and Metabolism and the 

chief of endocrinology in the department of medicine at Feinberg. 

Chelsea Hepler, a postdoctoral fellow in the Bass Lab, was the first 

author and did many of the biochemistry and genetics experiments that 

grounded the team's hypothesis. Rana Gupta, now at Duke University, 

was also a key collaborator.

Scrambling the internal clock

In the study, mice, who are nocturnal, were fed a high-fat diet either 

exclusively during their inactive (light) period or during their active 

(dark) period. Within a week, mice fed during light hours gained more 

weight compared to those fed in the dark. The team also set the 

temperature to 30 degrees, where mice expend the least energy, to 

mitigate the effects of temperature on their findings.

“We thought maybe there's a component of energy balance where mice 

are expending more energy eating at specific times,” Hepler said. 

“That's why they can eat the same amount of food at different times of 

the day and be healthier when they eat during active periods versus when 

they should be sleeping.”

The increase in energy expenditure led the team to look into metabolism 

of fat tissue to see if the same effect occurred within the endocrine organ. 

They found that it did, and mice with genetically enhanced 

thermogenesis — or heat release through fat cells — prevented weight 

gain and improved health.

Hepler also identified futile creatine cycling, in which creatine (a 

molecule that helps maintain energy) undergoes storage and release of 

chemical energy, within fat tissues, implying creatine may be the 

mechanism underlying heat release.

Intermittent fasting and gastric feeding tubes

The science is underpinned by research done by Bass and colleagues at 

Northwestern more than 20 years ago that found a relationship between 

the internal molecular clock and body weight, obesity and metabolism in 

animals.

The challenge for Bass's lab, which focuses on using genetic approaches 

to study physiology, has been figuring out what it all means, and finding 

the control mechanisms that produce the relationship. This study brings 

them a step closer.

The findings could inform chronic care, Bass said, especially in cases 

where patients have gastric feeding tubes. Patients are commonly fed at 

night while they sleep, when they're releasing the least amount of energy. 

Rates of diabetes and obesity tend to be high for these patients, and Bass 

thinks this could explain why. He also wonders how the research could 

impact Type II Diabetes treatment. Should meal times be considered 

when insulin is given, for example?

Hepler will continue to research creatine metabolism. “We need to figure 

out how, mechanistically, the circadian clock controls creatine 

metabolism so that we can figure out how to boost it,” she said. “Clocks 

are doing a lot to metabolic health at the level of fat tissue, and we don't 

know how much yet.”

Source: Northwestern University news release.

Health benefits come from eating during the daytime, demonstrating a potential link to energy release.
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First evidence of social relationships between 
chimpanzees, gorillas

A long-term study led by primatologist Crickette Sanz at Washington 

University in St. Louis reveals the first evidence of lasting social 

relationships between chimpanzees and gorillas in the wild.

Drawn from more than 20 years of observations at Nouabalé-Ndoki 

National Park in the Republic of Congo, researchers documented social 

ties between individual chimpanzees and gorillas that persisted over 

years and across different contexts. The research was conducted by 

scientists from Washington University, the Wildlife Conservation 

Society, the University of Johannesburg (South Africa) and Lincoln 

Park Zoo (Chicago) and is reported in the journal iScience.

“There are few (if any) studies of interactions between primate species 

that have been able to take the identity of individuals into account,” said 

Sanz, a professor of biological anthropology in Arts & Sciences. “It has 

long been known that these apes can recognize individual members of 

their own species and form long-term relationships, but we had not 

known that this extended to other species.

“An example of what we found might be one individual traveling 

through a group of the other species to seek out another particular 

individual,” she said. “We were also able to document such interactions 

over time and in different contexts in this study.”

Most people do not realize that the majority of remaining gorillas and 

chimpanzees reside together.

The large tracts of forest in the Congo Basin are a conservation 

stronghold not only for these two kinds of endangered great apes but also 

forest elephants, leopards and many other species. The government of 

the Republic of Congo and the Wildlife Conservation Society have 

worked together for nearly three decades to save wild places that sustain 

the local people, protect natural resources and buffer global climate 

change.

In a review of published reports combined with a synthesis of previously 

unpublished data about daily follows of chimpanzees and gorillas from 

1999 to 2020 in the Goualougo Triangle, scientists documented ape 

species engaging in a wide range of social interactions, ranging from 

play to aggression. Researchers investigated several possible benefits of 

these interspecies rendezvous, including protection from predation, 

improved foraging options and other social benefits from information 

sharing.

What they learned shows us that no ape is an island. “Rather than 

thinking about chimpanzees alone, we should be thinking about them 

within diverse and dynamic habitats where they are actively engaging 

with other species and play an integral role in the persistence of the 

unique ecosystems in which they exist,” said co-author David Morgan, 

research fellow at Lincoln Park Zoo.

Western lowland gorillas (left) and chimpanzees (right) are the focus of this study, but they are only two of the many species 

that live in the Congo Basin and require conservation action. (Photos: Sean Brogan)

A long-term study reveals the first evidence of lasting social relationships between chimpanzees and gorillas 
in the wild.
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First evidence of social relationships between chimpanzees, gorillas

Why interact at all

One of the key theories that has been suggested for why apes might 

choose to associate with members of different species is to avoid 

predators.

But information gathered in this study suggests these social interactions 

can't be chalked up to threat reduction. The scientists found little support 

for the idea that chimpanzees or gorillas are associating to decrease 

leopard, snake or raptor predation attempts.

“Predation is certainly a threat in this region, as we have cases in which 

chimpanzees have been killed by leopards,” Sanz said. “However, the 

number of chimpanzees in daily subgroups remains relatively small, and 

gorillas within groups venture far from the silverback who is thought to 

may afford unique development opportunities that extend the 

individual's social, physical and cognitive competencies.

“No longer can we assume that an individual ape's social landscape is 

entirely occupied by members of their own species,” said co-author Jake 

Funkhouser, a doctoral candidate of biological anthropology at 

Washington University. “The strength and persistence of social 

relationships that we observed between apes indicates a depth of social 

awareness and myriad social transmission pathways that had not 

previously been imagined. Such insights are critical given these 

interspecies social relationships have the potential to serve as 

transmission pathways for both beneficial socially learned cultural 

behaviors and harmful infectious disease.”

Concerns about disease transmission

Certainly, social exchanges between apes have their risks. One is the 

potential for disease transmission. While poaching and habitat loss still 

represent the largest threats to apes, infectious disease has recently 

emerged as a threat of similar magnitude.

Because chimpanzees and gorillas are closely related, many pathogens 

can be transmitted between them. Ebola, for example, is a highly 

transmissible virus that has had a devastating impact on ape populations 

in central Africa. Just over 20 years ago, Ebola emerged in wild ape 

populations and then spread to humans. By some estimates, that wave of 

the Ebola virus wiped-out one-third of the world's chimpanzees and 

gorillas.

“While we continue to be concerned about many disease risks, we now 

know much more about the origin of many of these pathogens and routes 

of their transmission within and between species, including humans,” 

Sanz said.

In this study, “the surprise to us was the extent of overlap and interaction 

that occurred between these apes that was previously not recognized or 

reported,” she said. “Based on the literature, we had anticipated that the 

apes would avoid one another … and in some cases, it seemed to be the 

opposite.”

Co-existing comfortably

Studying co-existing great apes may inform us about interactions 

between some early hominins, study authors said.

There has been a long history in paleoanthropology of assuming that 

early hominins would competitively exclude each other from using the 

same resources in the same areas. But if modern-day observations with 

non-human apes are informative about the behavior of early modern 

humans, then this study suggests these interactions would have most 

likely occurred in tolerant social contexts.

Sanz emphasizes the continuing importance of longitudinal studies to 

understand chimpanzee and gorilla behavior and ecology — but also to 

protect these apes and their habitats.

“Despite more than 60 years of chimpanzee and gorilla research, there is 

still much to be learned about these fascinating apes — the main 

challenge at this time is to ensure the conservation of these endangered 

species so that such opportunities exist for future generations,” she said.

Source: Washington University news release. Author: Talia Ogliore 

be a protector from predation.”

Instead, enhanced foraging opportunities seem to be more important. 

The researchers found that co-feeding at the same tree represented 34% 

of the interspecific associations that they documented, with another 18% 

of observations involving apes foraging in close spatial proximity but on 

different foods.

At least 20 different plant species were targeted by apes during co-

feeding events in this study, greatly expanding researchers' knowledge 

of the diversity of resources that chimpanzees and gorillas are willing to 

gather together to share.

In addition to a greater diversity of interactions than previously 

documented among sympatric apes, this study revealed social 

relationships between members of different species that persisted over 

years.

For example, study authors noted that on several occasions at food 

sources, they observed young gorillas and chimpanzees seeking out 

particular partners to engage in bouts of play. These types of interactions 

Even adult female chimpanzees with young, vulnerable offspring were 

observed to engage in tolerant interspecies associations with gorillas. 

(Photo: Sean Brogan)
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Climate change is turning the trees into gluttons

up our biome, Sohngen's team used historical data from the U.S. Forest 

Service Forest Inventory and Analysis Program (USFS-FIA) to 

compare how the wood volume of certain forest groups has changed over 

the past few decades. The study estimates that between 1970 and 2015, 

there was a significant increase in trees' wood volume, which correlates 

with a distinct rise in carbon emissions.

Researchers were also able to use this method to test whether there were 

differences in naturally occurring trees versus trees that were planted. 

Sohngen thought that planted trees would undergo a bigger fertilization 

effect, as they have an advantage in that planters often pick the best seeds 

to plant in only the best locations. On the contrary, he was surprised to 

find that planted trees respond to carbon dioxide levels in the same way 

natural ones do.

Overall, Sohngen said this work shows that the wood volume response to 

carbon dioxide in our ecosystem is even higher than his colleagues 

predicted with experimental studies. 

The results should show policymakers and others the value of trees in 

mitigating climate change. Sohngen said that carbon fertilization could 

one day make tree-growing efforts more efficient. For instance, if it costs 

$50 to plant one acre of trees today, with the help of carbon fertilization, 

that number could easily be decreased to $40. As climate change costs 

the United States about $2 trillion each year, that decrease could help 

drive down the cost of mitigating climate change, Sohngen said.

“Carbon fertilization certainly makes it cheaper to plant trees, avoid 

deforestation, or do other activities related to trying to enhance the 

carbon sink in forests,” Sohngen said. “We should be planting more trees 

and preserving older ones, because at the end of the day they're probably 

our best bet for mitigating climate change.”

The study was led by Eric Davis, a Ph.D graduate of Ohio State's 

agricultural, environmental, and development economics program.

Source: Ohio State University news release. Author: Tatyana Woodall

Trees have long been known to buffer humans from the worst effects of 

climate change by pulling carbon dioxide from the atmosphere. Now 

new research shows just how much forests have been bulking up on that 

excess carbon.

The study, recently published in the Journal Nature Communications, 

finds that elevated carbon dioxide levels in the atmosphere have 

increased wood volume – or the biomass – of forests in the United States.

Although other factors like climate and pests can somewhat affect a 

tree's volume, the study found that elevated carbon levels consistently 

led to an increase of wood volume in 10 different temperate forest 

groups across the country. This suggests that trees are helping to shield 

Earth's ecosystem from the impacts of global warming through their 

rapid growth.

“Forests are taking carbon out of the atmosphere at a rate of about 13% 

of our gross emissions,” said Brent Sohngen, co-author of the study and 

professor of environmental and resource economics at The Ohio State 

University. “While we're putting billions of tonnes of carbon dioxide 

into the atmosphere, we're actually taking much of it out just by letting 

our forests grow.”

This phenomenon is called carbon fertilization: An influx of carbon 

dioxide increases a plant's rate of photosynthesis, which combines 

energy from the sun, water, and nutrients from the ground and air to 

produce fuel for life and spurs plant growth.

“It's well known that when you put a ton of carbon dioxide in the 

atmosphere, it doesn't stay up there forever,” Sohngen said. “A massive 

amount of it falls into the oceans, while the rest of it is taken up by trees 

and wetlands and those kinds of areas.”

Over the last two decades, forests in the United States have sequestered 

about 700-800 million tonnes of carbon dioxide per year, which, 

according to the study, accounts for roughly 10% to 11% of the country's 

total carbon dioxide emissions. While exposure to high levels of carbon 

dioxide can have ill effects on natural systems and infrastructure, trees 

have no issue gluttoning themselves on Earth's extra supply of the 

greenhouse gas.

To put it in perspective, if you imagine a tree as just a huge cylinder, the 

added volume the study finds essentially amounts to an extra tree ring, 

Sohngen said. Although such growth may not be noticeable to the 

average person, compared to the trees of 30 years ago, modern 

vegetation is about 20% to 30% bigger than it used to be. If applied to the 

Coast Redwood forests – home to some of the largest trees in the world – 

even a modest percentage increase means a lot of additional carbon 

storage in forests. Researchers also found that even older large trees 

continue adding biomass as they age due to elevated carbon dioxide 

levels.

Unlike the effects of climate change, which varies over location and in 

time, the amount of carbon dioxide in the atmosphere mixes almost 

evenly, so every place on Earth has nearly the same amount, Sohngen 

said.

So to test whether the chemical compound was responsible for beefing 

Trees today are about 20% to 30% bigger than they were only three 

decades ago. Photo: Getty Images
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What's nature doing with all that nitrogen?

 What Warren and his team recently found won't provide any immediate 

fixes for, say, making and using fertilizers in a more sustainable way. But 

the researchers are creating a more intimate understanding of the 

nitrogen cycle that could lead to holistic solutions for ensuring a healthy 

balance of nitrogen, wherever it's needed.

 In the meantime, the papers also serve as a reminder that nature is still 

full of consequential mysteries — some of which predate people and 

plants.

 “We're very much inspired by what we find in nature, but we're trying to 

understand ways that nature behaves that we haven't picked up on yet,” 

said Warren, Barnett Rosenberg Professor and chair of the Department 

of Chemistry in the College of Natural Science.

 “There's the established dogma of how things work, but by digging a 

little deeper and trying to go beyond that, we open up science to 

surprises.”

 In addition to uncovering a few new revelations, both papers help 

describe the nitrogen cycle with greater detail and precision than was 

previously possible. Despite their similarities, though, they also come 

with different sets of implications.

 Primordial chemistry with a 'nitro boost'

 At the risk of oversimplifying an entire scientific field, chemistry is 

concerned with how atoms are exchanged and rearranged when different 

Nitrogen may not get the same level of attention as its neighbors on the 

periodic table, carbon and oxygen. But like its neighbors, it's an element 

we can't live without.

Nitrogen compounds have important roles in biology, including 

lowering blood pressure, helping relay signals in our bodies and 

providing nourishment for plants. In fact, industrially made fertilizers 

rich in nitrogen have effectively doubled the world's food-growing 

capacity.

Yet too much of anything can be bad, and nitrogen is no exception. For 

instance, when rain washes excess fertilizer away from fields and into 

lakes, rivers and other bodies of water, the nutritious compounds within 

can fuel surging populations of microbes that can suffocate or poison 

natural ecosystems.

Underlying nitrogen's impacts, helpful and harmful alike, is what's 

known as the nitrogen cycle. That's the collective name for the chemical 

processes that nature's biological and geological systems use to break 

down nitrogen compounds and shuttle the products through the 

environment. Although science has developed much of the nitrogen 

cycle's big picture, Michigan State University's Timothy Warren and his 

team are now drilling down into its fundamental chemical details.

 The team recently released two new peer-reviewed reports on that front 

in two different high-profile chemistry journals: Nature Chemistry and 

the Journal of the American Chemical Society, or JACS.

When agricultural runoff reaches water, it can fuel blooms of cyanobacteria that can produce toxic chemicals. This satellite image shows a bloom 

(in green) on Lake Erie in 2017. Credit: Joshua Stevens/NASA Earth Observatory

Research reveals fundamental insights into how the environment processes ubiquitous chemicals found in 
our bodies and agriculture
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What's nature doing with all that nitrogen?

nitrogen. Nitrite is in fertilizers that help plants grow. It's also in the 

runoff that pollutes aquatic ecosystems.

 Nitrite is found naturally in healthy levels in fruits and vegetables. At the 

same time, doctors recommend limiting our consumption of processed 

meats, in which nitrite salts are used as preservatives in comparatively 

high levels.

When it comes to nitrite, the divide between boon and burden is tied to 

the dosage, but also in whether and how it's metabolized or converted 

into other compounds. That means, with a better understanding of the 

nitrogen cycle, chemistry could help mitigate nitrite's harmful effects by 

developing enzymes or other catalytic tools that put it on a track toward 

more beneficial downstream products. Notably, that includes nitric 

oxide, 1992's “Molecule of the Year.”

Soil microbes have enzymes that convert nitrite to nitric oxide in a highly 

choreographed set of chemical interactions that happen at the same time. 

Warren's team has found a way to break that process apart into a 

stepwise, sequential affair. Finding this synthetic approach to mimic 

nature will allow chemists to better probe different aspects of the 

reaction.

 This will help chemists be more deliberate in designing catalysts that 

can do things like help break down fertilizer nutrients before they reach 

natural waterways. It also opens up applications further removed from 

nitrogen's role in nature, Warren said, such as in the long-term storage of 

nuclear waste where nitrites are present. In its study, the team also 

discovered some new chemistry that could even help boost 

undergraduate grades.

 “In every general chemistry course, whether you take it at MSU or 

somewhere else, you learn that nitrite is an anion with an electric charge 

of -1. But if it is accidentally assigned a charge of -2, we've found a way 

that shows this can be right too,” Warren said.

 “We've revealed a new fundamental molecule in nature: nitrite with a -2 

charge. There hasn't been much discussion of it before, except as a 

fleeting species in nuclear waste or perhaps when students get it wrong 

on exams.”

 There's obvious excitement in Warren's voice when he talks about the 

implications of the work. That excitement turns to joy when he talks 

about the teamwork that enabled this discovery. This effort was led by 

Valiallah “Val” Hosseininasab, the first author of the Nature Chemistry 

report, who earned his doctoral degree after completing this project as a 

member of Warren's lab. He's now a postdoctoral researcher at the 

Massachusetts Institute of Technology.

 “Val is a very creative chemist. He was working on a similar idea with 

another project and decided to try it with nitrite. He showed the result to a 

lab mate before a group meeting, where the lab mate proclaimed, 'I think 

Val broke it. He broke the nitrite anion!'” Warren said. “And Val's 

colleague wasn't wrong. Val made this molecule that ought not exist, 

which launched a quest to figure out the story that this broken molecule 

might tell.”

Source: Michigan State University news release. Author: Matt 

Davenport

molecular participants are involved. Some of the most intriguing 

interactions are those that are essential for life, those that improve our 

quality of life or those that help scientists better understand how life on 

this planet works.

 The nitrogen cycle's reactions can check all three boxes, as evidenced by 

those highlighted in the Warren team's papers.

“These two reports provide fundamental new insights into molecules 

that are important parts of the biogeochemical nitrogen cycle. That cycle 

is critical for ecosystems to work and be healthy,” Warren said. “What 

we're doing is peering into molecules in new ways to better understand 

their connection to that cycle.”

 In particular, the team's JACS paper illuminates a new pathway that 

nature may use to convert nitric oxide into nitrous oxide, which are both 

important molecules in their own rights.

 Nitric oxide, made of one nitrogen atom and one oxygen atom, was 

named “Molecule of the Year” in 1992 by Science magazine. And people 

may recognize nitrous oxide, which contains two nitrogen atoms and 

one oxygen, from its starring role in laughing gas or its supporting role as 

“nitro boost” in the “Fast and Furious” movie franchise.

 Again, Warren's team is aware of the molecules' applications, but the 

researchers are driven by what these reactions reveal at a more 

fundamental, chemical level. The JACS paper, for instance, reveals 

nitric oxide is surprisingly adept at accepting electrons from other 

reactants.

Under the right conditions, nitrous oxide can also be a good electron 

acceptor, but oxygen provides a steadfast standard in this arena. That's 

why chemists refer to such electron acceptor compounds as oxidants, 

oxidizers and oxidizing agents. Oxidizers famously cause metal to rust, 

but they are also critical to many important biological and industrial 

reactions.

 But oxygen wasn't a readily available commodity in the Earth's 

atmosphere until the planet was a couple of billion years old. That's 

when the first microbes started emitting it, with plants later following 

suit through photosynthesis.

 “Nature was doing oxidation chemistry before the Great Oxidation 

Event, before photosynthesis kicked off,” Warren said. “That means 

both nitric oxide and related nitrogen compounds were probably 

important oxidants in primordial life, before the Earth had a lot of 

oxygen.

 “It turns out that nature has evolved enzymes that can do that oxidation 

chemistry with these compounds,” he said. “This paper provides new 

insights on how nature uses them today and perhaps even before oxygen 

was abundant.”

 The story of a broken molecule

 The team's Nature Chemistry paper focused on a different part of the 

nitrogen cycle, one that starts with a compound known as nitrite, a 

negatively charged molecule consisting of a nitrogen atom bound to two 

oxygen atoms.

 Nitrite shows up in a lot of places, many of which reflect the duality of 
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Biology

How genetics influences our body weight beyond the genes

A group of researchers led by Professor 

Markus Stoffel from the Department of 

Biology have identified a non- classic genetic 

risk factor for hereditary obesity: an 

endogenous microRNA molecule known as 

microRNA- 7. The research paper was 

published in Nature Communications. Like 

genes, the blueprints for microRNA 

molecules are part of our chromosomes. But 

while genes act as the building instructions for 

proteins, the information contained in 

microRNA is not translated into protein form. 

Instead, the microRNA molecules act in our 

cells in the form of RNA. “MicroRNA- 7 is 

the first microRNA for which we've been able 

to demonstrate an association with obesity,” 

Stoffel says. Together with his team, Stoffel 

bred mice in which microRNA- 7 was missing 

in certain nerve cells of the hypothalamus, the 

control center between the endocrine system 

and nervous system. These mice demon-

strated a pathologically increased appetite and 

became obese. The ETH researchers were 

also able to demonstrate such a link in 

humans. Together with scientists from the 

University of Cambridge, they analysed 

genomic and medical data, including the 

anonymised data held in a British database 

relating to 500,000 people. This allowed 

Stoffel and his colleagues to show that people 

with genetic variations on their chromosomes 

near the blueprint for microRNA- 7 are 

heavier and bigger than average. The 

consequence of these genetic variations is that 

the above- mentioned nerve cells of the people 

affected produce less microRNA- 7.

The scientists were also able to show that in 

these cells microRNA- 7 affects a bioche-

mical pathway known to be instrumental in 

maintaining the body's energy balance, 

regulating appetite and controlling the 

production of growth hormones. MicroRNA 

acts there by regulating the production of 

proteins. For Stoffel, it was no surprise that 

this effect can be observed in both mice and 

humans. As he points out, microRNA- 7 is a 

molecule that emerged very early in the 

evolutionary history of the animal kingdom 

and has survived to this day. It persists 

unaltered in very many animal species – from 

nematodes, to all vertebrates and human 

beings. “Up to now, it was unclear why genetic 

variations were only able to provide an 

explanation for less than half the causes of 

hereditary obesity,” Stoffel says. “Our study 

now shows that it's not enough to look for the 

answer solely in the genes that encode 

information for proteins. The parts of DNA 

outside the genes also have to be examined, 

such as the regions containing the blueprints 

for microRNA.”

Source: ETH Zurich news release. 

Biology

Study addresses the causes of eye colour variation in primates

Researchers from Department of Biological 

Sciences at the National University of 

Singapore NUS, together with collaborators 

from Republic Polytechnic, the University of 

St Andrews and Leiden University, have 

discovered that ambient light is an important 

factor determining eye colour across primate 

species.  The research team collected 

hundreds of photographs from 77 primate 

species and measured the brightness and 

colour of different parts of their eyes. These 

photographs were found online, taken by the 

researchers, by wildlife photographer Mogens 

Trolle. The researchers found that species 

living farther from the equator tend to have 

lighter conjunctiva (the tissue surrounding the 

iris), not unlike skin pigmentation in humans. 

Iris colour also shifted to become greener or 

bluer, as populations were found farther away 

from the equator, where irises tend to be 

browner. “We have known for a long time that 

humans are exceptionally good at using their 

eyes in communicating with others, so many 

researchers had tried to find these same 

functions in primates. Understanding that 

ambient light, instead, may have an impact in 

the appearance of primate eyes brings a fresh 

perspective to this field,” said Dr Perea-

García, the lead researcher. Most previous 

studies addressing diversity in iris colour in 

humans (brown, blue, green, etc.) revolved 

around the idea that colour was sexually 

selected. This was also the preferred expl-

anation for diversity in skin pigm-entation, 

until evidence tipped the balance towards 

protection from UV rays.

Seeing that differences in eye colour could be 

explained by changes in lighting typical of the 

natural ranges of primate species suggests that 

iris colour may have been selected by 

environmental conditions in humans, similar 

to skin pigmentation. Prof Monteiro said, 

“What is exciting about this research is that by 

using the comparative method in evolutionary 

biology, we find that many species of primates 

independently evolved bluer eyes at higher 

latitudes, just like what happened within our 

own species. This helps tip the balance towards 

an ecological, rather than sexual selection 

explanation, for the evolution of blue eye 

colour in humans.” Blue light helps us tune our 

circadian clock to adjust energy levels by 

stimulating special receptors in our retina. In 

geographic regions with less light, bluer irises 

may allow more blue light to reach those 

special receptors, thus boosting energy levels. 

This would help explain why blue eyes 

evolved and spread only far away from the 

equator.

Source: National University Singapore news 

release
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Eating fire ants could prepare lizards for future fire ant attack

Eating fire ants might prepare a lizard's 

immune system to be stung by the ants, 

according to a new study by researchers at 

Penn State. The study comprehensively 

assessed how the immune system responds to 

lizards eating and being stung by these ants 

and might help researchers understand how 

other native species respond and adapt to the 

invasive insects. "We know that lizards from 

areas with fire ants have different immune 

profiles than lizards in areas without them," 

said Tracy Langkilde, professor of biology at 

Penn State and leader of the research team. 

"Because the immune system is so critical for 

survival, we wanted to determine if these 

differences in immune profiles can be directly 

attributed to lizards frequently being stung by 

fire ants, eating fire ants, or something else.” 

The researchers investigated six immune 

measures in response to three weeks of lizards 

either being fed dead fire ants or being stung 

by fire ants three times per week. “We 

conducted a comprehensive assessment of 

most branches of the immune system, 

including measures of the innate immune 

system—resources that an individual is born 

with—and the adaptive immune system, 

which develops immune resources after 

exposure to a foreign substance like an 

infection or vaccine,” said Catherine Tylan, 

graduate student at Penn State who led the 

research. “This allowed us to see how 

different immune resources are allocated in 

response to fire ant exposure.” The resea-

rchers present their results in a paper 

appearing in the journal Biological Invasions. 

When lizards were fed fire ants, three immune 

measures were enhanced in comparison to 

lizards that were stung. The researchers obser-

ved an elevation in a type of white blood cells 

called basophils; an increase in complement 

activity, which helps or “complements” 

antibodies and other aspects of the immune 

system; and an increase in a type of 

immunoglobulin antibody (IgM) known to be 

reactive to fire ant venom. “All three of these 

immune aspects are expected to help lizards 

survive a fire ant attack,” said Tylan. “For 

example, the fire ant-specific antibodies and 

complement could help bind up venom so it 

can no longer negatively impact the body. It's 

possible that exposure to fire ant venom from 

the consumed fire ants stimulates an increased 

immune response, acting somewhat like a 

vaccine. So, eating fire ants may incidentally 

help lizards prepare for future venom exposure 

from stings.”

Source: Penn State University news release. 

Biomedical Science

Fighting tumours with magnetic bacteria

Scientists around the world are researching 

how anti-cancer drugs can most efficiently 

reach the tumours they target. One possibility 

is to use modified bacteria as “ferries” to carry 

the drugs through the bloodstream to the 

tumours. Researchers at ETH Zurich have 

now succeeded in controlling certain bacteria 

so that they can effectively cross the blood 

vessel wall and infiltrate tumour tissue. Led by 

Simone Schürle, Professor of Responsive 

Biomedical Systems, the ETH Zurich 

researchers chose to work with bacteria that 

are naturally magnetic due to iron oxide 

particles they contain. These bacteria of the 

genus Magnetospirillum respond to magnetic 

fields and can be controlled by magnets from 

outside the body. The research is published in 

the journal Science Robotics. In cell cultures 

and in mice, Schürle and her team have now 

shown that a rotating magnetic field applied at 

the tumour improves the bacteria's ability to 

cross the vascular wall near the cancerous 

growth. At the vascular wall, the rotating 

magnetic field propels the bacteria forward in 

a circular motion. “We make use of the 

bacteria's natural and autonomous locomotion 

as well,” Schürle explains. “Once the bacteria 

have passed through the blood vessel wall and 

are in the tumour, they can independently 

migrate deep into its interior.” For this reason, 

the scientists use the propulsion via the 

external magnetic field for just one hour – long 

enough for the bacteria to efficiently pass 

through the vascular wall and reach the 

tumour. Such bacteria could carry anti-cancer 

drugs in the future. In their cell culture studies, 

the ETH Zurich researchers simulated this 

application by attaching liposomes (nano-

spheres of fat-like substances) to the bacteria. 

They tagged these l iposomes with a 

fluorescent dye, which allowed them to 

demonstrate in the Petri dish that the bacteria 

had indeed delivered their “cargo” inside the 

cancerous tissue, where it accumulated. In a 

future medical application, the liposomes 

would be filled with a drug. Using bacteria as 

ferries for drugs is one of two ways that 

bacteria can help in the fight against cancer. 

The other approach is over a hundred years old 

and currently experiencing a revival: using the 

natural propensity of certain species of 

bacteria to damage tumour cells. This may 

involve several mechanisms. In any case, it is 

known that the bacteria stimulate certain cells 

of the immune system, which then eliminate 

the tumour.

Source: ETH Zurich news release. 
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Biomarkers for Parkinson's disease sought through imaging

A team of engineers, physicians and 

researchers at Washington University in St. 

Louis, led by Abhinav K. Jha in the McKelvey 

School of Engineering, has collaborated to 

create an imaging method that allows them to 

get an accurate measurement of dopamine 

transporter, a protein important in movement, 

in three regions in the brain associated with 

Parkinson's disease. Results of their research 

appeared in the journal Medical Physics. The 

researchers developed a way to calculate the 

uptake of dopamine transporter using single 

photon emission computed tomography 

(SPECT) in the caudate, putamen and globus 

pallidus regions in the brain in simulation 

studies. While most studies on developing 

biomarkers for Parkinson's disease have 

focused on measuring the dopamine trans-

porter uptake within caudate and putamen, 

such measures may only correlate with 

severity in early Parkinson's disease. That 

leaves an important need for biomarkers that 

can measure the severity throughout the range 

of the disease. To reach this goal, Perlmutter, a 

preeminent physician and researcher in 

Parkinson's disease, encouraged Jha to 

determine if the dopamine transporter uptake 

within the globus pallidus could serve as a 

biomarker. Measuring dopamine transporter 

uptake within the caudate, putamen and 

globus pallidus from SPECT imaging 

requires that these regions are delineated 

accurately. However, delineating these 

regions on these images is challenging 

because of limited SPECT system resolution, 

which results in blurred boundaries of the 

regions, as well as finite voxel — similar to 

pixels in a digital image — size, which leads to 

voxels containing a mixture of regions. These 

limitations become even more prominent due 

to the small size of these regions. In particular, 

the globus pallidus is nearly impossible to 

delineate on a SPECT image by the naked eye, 

and there are no validated tools available for 

this purpose. Jha and the team developed a 

method to address these challenges. This will 

now provide the tools to determine if 

measurement in the globus pallidus will help 

serve as a measure of disease severity. A key 

advance was to recognize that while these 

regions are difficult to see on SPECT images, 

they are easier to delineate on MR images. 

They developed an approach that could 

transfer this knowledge learned from MR 

images to delineate SPECT images. 

Source: Washington University in St. Louis. 

Biotechnology

Ancient viral DNA in human genome guards against infections

Viral DNA in human genomes, embedded 

there from ancient infections, serve as 

antivirals that protect human cells against 

certain present-day viruses, according to new 

research. The findings were published in the 

journal Science. Retroviruses hijacks the cell's 

transcriptional machinery to replicate itself. 

Typically, retroviruses infect cells that don't 

pass from one generation to the next, but some 

infect germ cells, such as an egg or sperm, 

which opens the door for retroviral DNA to 

pass from parent to offspring and eventually 

become permanent fixtures in the host 

genome. In the study, Frank, Feschotte and 

colleagues used computational genomics to 

scan the human genome and catalog all the 

potential retroviral envelope protein-coding 

sequences that may have retained receptor 

binding activity. Then they ran more tests to 

detect which of these genes were active – that 

is, expressing retroviral envelope gene 

products in specific human cell types. “We 

found clear evidence of expression,” 

Feschotte said, “and many of them are 

expressed in the early embryo and in germ 

cells, and a subset are expressed in immune 

cells upon infection.” Once the researchers 

had identified antiviral envelope proteins 

expressed in different contexts, they focused 

on one, Suppressyn, because it was known to 

bind a receptor called ASCT2, the cellular 

entry point for a diverse group of viruses 

called Type D retroviruses. Suppressyn 

showed a high level of expression in the 

placenta and in very early human embryonic 

development. They then ran experiments in 

human placental-like cells, as the placenta is a 

common target for viruses. The cells were 

exposed to a type D retrovirus called RD114, 

which is known to naturally infect feline 

species, such as the domestic cat. While other 

human cell types not expressing Suppressyn 

could be readily infected, the placental and 

embryonic stem cells did not get infected. 

When the researchers experimentally depleted 

placental cells of Suppressyn, they became 

susceptible to RD114 infection; when Suppr-

essyn was returned to the cells, they regained 

resistance. In addition, the resea-rchers did 

reverse experiments, using an embryonic 

kidney cell line normally susceptible to 

RD114. The cells became resistant when the 

researchers experimentally introduced Supp-

ressyn into these cells. The study shows how 

one human protein of retroviral origin blocks a 

cell receptor that allows viral entry and 

infection by a broad range of retroviruses 

circulating in many non-human species. In this 

way, Feschotte said, ancient retroviruses 

integrated into the human genome provide a 

mechanism for protecting the developing 

embryo against infection by related viruses.

Source: Cornell University news release. 
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Grazing animals key to long-term soil carbon stability

Large mammalian herbivores like the yak and 

ibex play a crucial role in stabilising the pool 

of soil carbon in grazing ecosystems such as 

the Spiti region in the Himalayas, according to 

a 16-year-long study carried out by resea-

rchers at the Centre for Ecological Sciences 

(CES) and the Divecha Centre for Climate 

Change (DCCC), Indian Institute of Science 

(IISc).  Experimental removal of grazing by 

herbivores from such ecosystems was found 

to increase the fluctuations in the level of soil 

carbon, which can have unintended negative 

consequences for the global carbon cycle.   

“The soil pool is a reliable sink for trapping 

carbon,” explains Sumanta Bagchi, senior 

author of the study published in the 

Proceedings of the National Academy of 

Sciences. Maintaining stable levels of carbon 

in the soil is therefore key to offsetting the 

effects of climate change. With support from 

the Himachal Pradesh state government, local 

authorities, and the people of the Kibber 

village in Spiti, the researchers established 

fenced plots (where animals were excluded) 

as well as plots in which animals like yak and 

ibex grazed. Over the following decade, he 

and his students collected soil samples from 

the region and analysed their chemical 

composition, tracking and comparing the 

levels of carbon and nitrogen in each plot year 

after year.  From one year to the next, soil 

carbon was found to fluctuate 30-40% more in 

the fenced plots where animals were absent, 

compared to the grazed plots where it 

remained more stable each year. A key factor 

underlying these fluctuations was nitrogen. 

Depending on the soil conditions, nitrogen can 

either stabilise or destabilise the carbon pool. 

Grazing by herbivores, however, changes their 

interactions in ways that tip the balance in 

favour of the former, the researchers found. 

Many previous studies have focused on 

measuring carbon and nitrogen levels at long 

time intervals, assuming that the accumulation 

or loss of carbon is a slow process, explains 

Dilip GT Naidu, PhD student at DCCC and 

first author of the study. But the interannual 

fluctuations they noticed in their data paint a 

very different picture, he adds. These 

fluctuations can be consequential for climate 

as they are linked to how large mammalian 

herbivores influence soil. Because grazing 

ecosystems make up about 40% of the Earth's 

land surface, protecting the herbivores that 

keep the soil carbon stable should remain a key 

priority for mitigating climate change, the 

researchers suggest.  

Source: IISc news release. 

Evolutionary Science

How evolution overshot the optimum bone structure in hopping rodents
Foot bones that are separate in small hopping 

rodents are fused in their larger cousins, and a 

team of researchers at the University of 

Michigan and University of California, San 

Diego, wanted to know why. It appears that 

once evolution set jerboa bones on the path 

toward fusing together, they overshot the 

optimum amount of fusing—the structure that 

best dissipated stresses from jumping and 

landing—to become fully bonded. This 

finding could inform the design of future 

robotic legs capable of withstanding the 

higher forces associated with rapid bursts of 

agile locomotion. Jerboas are desert rodents 

that hop erratically on two legs to avoid 

predators. Across the jerboa family tree, these 

two legs can look a lot different: there are 

species that weigh just three grams to those 

that weigh 400 grams, with heavier species 

sporting vastly different bones of the feet, or 

metatarsals. “We wanted to explore why we 

are seeing these fused bones in only larger 

jerboas,” said Carla Nathaly Villacís Núñez, 

first author of the study in Proceedings of the 

Royal Society B. “We found that the fused 

bones showed lower stresses than unfused 

bones, thereby reinforcing against higher 

loads,” she said. “But we also discovered the 

partially fused bones had even lower stresses 

than the fully fused bones. One hypothesis is 

that fully fused jerboas have evolutionary 

overshoot.” The researchers performed 

micro-CT scans of museum specimens and 

built 3D models of the jerboa metatarsals in 

software, then scaled them to equal sizes and 

stress tested them as they hit, flexed and 

hopped off of a surface. The smaller jerboas 

have three separate metatarsal bones, which 

are capable of supporting the rodent's small 

stature even if used for high-impact jumping. 

The more recent, larger jerboa species have 

completely fused these three bones into one. 

The intermediate weight species have 

something in-between: a metatarsal with 

interior remnants of bone where it has partially 

fused together, like a bundle of sticks. 

“Evolution hit an advantageous point of 

partially fused geometry, but then evolutionary 

momentum may have continued to completely 

fuse the metatarsals. Because the fully fused 

bones are still sufficient to keep from breaking, 

there was likely no evolutionary pressure to 

stop fusing.” The research team notes that 

similar analyses could help uncover other 

ways in which the skeleton changed shape to 

compensate as species evolved from 

quadrupedal, or walking on four feet, to 

bipedal locomotion.

Source: University of Michigan news release. 
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Discovery about how the body regulates blood pressure

University of Virginia School of Medicine 

researchers have identified a key contributor 

to high blood pressure that could lead to new 

treatments for a condition that affects almost 

half of American adults. The discovery from 

UVA's Swapnil Sonkusare and colleagues 

breaks new ground in our understanding of 

how the body regulates blood pressure. It also 

shows how problems with this critical 

biological process drive high blood pressure, 

also known as hypertension. UVA's research, 

published in the scientific journal Circulation, 

identifies a “new paradigm in hypertension,” 

according to an accompanying editorial. The 

editorial says UVA's “innovative” discoveries 

fill “major gaps” in our understanding of the 

fundamental molecular causes of high blood 

pressure. “Our work identifies a new 

mechanism that helps maintain healthy blood 

pressure and shows how abnormalities in this 

mechanism can lead to hypertension,” said 

Sonkusare, the lead researcher. “The 

discovery of a new mechanism for elevation 

of blood pressure could provide therapeutic 

targets for treating hypertension.” Left 

unchecked, the condition can damage the 

heart and increase the risk for stroke and other 

health problems. Blood pressure is controlled, 

in part, by calcium levels in smooth muscle 

cells that line blood vessel walls. Smooth 

muscle cells transport calcium in and use it to 

regulate the contraction of blood vessels as 

needed. High blood pressure is commonly 

treated with “calcium blockers” that reduce 

the movement of calcium, but these 

medications have many side effects because 

they block a mechanism that is used by 

multiple organs in the body for carrying out 

normal functions. So a treatment option that 

targets the harmful effects of calcium, but not 

its beneficial effects, could be very helpful for 

patients with high blood pressure. Sonkusare 

and his team discovered two critical – and 

previously unknown – signaling centers in 

smooth muscle cells that bring in calcium and 

regulate blood pressure. These “nanod-

omains,” the researchers found, act like 

symphony conductors for blood vessels, 

directing them to contract or relax as needed. 

These signaling centers, the researchers 

determined, are a key regulator of healthy 

blood pressure. Further, the UVA scientists 

found that disruptions in this process 

contribute to high blood pressure. In both 

mouse models of the disease and hypertensive 

patients, the fine balance between constrictor 

and dilator signaling centers is lost. This 

caused the blood vessels to become too 

constricted, driving up blood pressure.

Source: University of Virginia news release. 

Medical Science

New cervical screening test could predict cell changes years before 
they occur

The research, published in Genome Medicine, 

found that the new cervical screening method 

was more sensitive than other currently 

available tests and could reliably identify 

advanced cell changes and cervical cancer. 

Additionally, it was able to predict advanced 

cell changes in 55% of women who had an 

HPV infection but no visible cell changes 

under the microscope, but who went on to 

develop advanced cell changes within the 

following four years.  The researchers hope 

that the development will enable earlier 

treatment for those who are predicted to 

develop the disease. The swab test was 

developed by Professor Martin Widsch-

wendter (UCL EGA Institute for Women's 

Health, and the European Translational 

Oncology Prevention and Screening Institute 

at University of Innsbruck) and his team. The 

test works by examining the DNA meth-

ylation, a type of modification “on top” of the 

DNA, of cervical cells. It can be affected by 

environmental and lifestyle factors, and some 

changes increase the risk of certain diseases 

such as cancer. To assess the reliability of the 

test, researchers retrieved and tested 1,254 

cervical screening samples stored at the 

Karolinska Centre for Cervical Cancer 

Elimination (Stockholm, Sweden) from 

women with cell changes ranging from early 

(CIN1) to advanced (CIN3), women with 

Human Papillomavirus (HPV) but no cervical 

cell changes, and samples from women 

without any cervical cell changes who went on 

to develop CIN3 within four years. The new 

method of analysis out-performed cytology 

and other newer, molecular tests which are in 

development for detecting those with CIN3 

and cancer. Professor Widschwendter said: 

“Vaccination against the causes of cervical 

cancer is now widely implemented and is 

leading to changes in the amount and types of 

the virus circulating in the community. In turn, 

our approaches to cervical screening must 

adapt so that programmes continue to deliver 

benefit. “Importantly, our other work has 

shown how testing the same cervical sample 

can also deliver information on a woman's risk 

of three other major cancers – breast, ovarian 

and womb cancers. “Building new, holistic, 

risk-predictive screening programmes around 

existing, effective cervical sample collection 

offers real potential for cancer prevention in 

the future.” Anyone with early cell changes 

(CIN1-2) will be screened more regularly, 

until the cells have turned back to normal, or 

treatment is needed. Those with advanced cell 

changes (CIN3) will be treated using a 

procedure called LLETZ (“Large loop 

excision of the transformation zone”), where 

the abnormal cells are removed before they 

turn into a cancer.

Source: University College London news 

release.
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Wild primate virus has pandemic potential should it jump the 
species barrier

In a world still reeling from COVID-19, 

infectious disease researchers are eager to 

head off the next pandemic before it has the 

chance to spill over from animals to humans. 

But the scientific reality of pandemic preve-

ntion isn't straightforward, and researchers 

have generally avoided making specific 

predictions about the potential of individual 

viruses to cause global disease. Sometimes, 

though, a signal is so compelling it can't be 

ignored. One such signal has prompted a 

group of scientists to sound the alarm about an 

obscure virus in wild African primates — 

despite the fact that neither the virus nor any of 

its close relatives have ever been documented 

in humans. “It's a pretty controversial 

prediction,” concedes Tony Goldberg, a 

professor of pathobiological sciences at the 

University of Wisconsin, School of Veterinary 

Medicine. Goldberg is part of the group 

warning that simian hemorrhagic fever virus 

(SHFV) and its family of simian arteriviruses 

could pose a significant health risk to 

humanity should the right conditions allow it 

to leap from wild primates to people. The 

group has demo-nstrated the virus's ability to 

infect human cells and deftly evade the human 

immune system's typical responses. They 

have recently published their findings in the 

journal . The researchers say there is no Cell

known risk to people now, and there is no 

guarantee the virus will make the jump from 

wild primates. But Goldberg and his 

colleagues say it's important to understand 

these viruses and the risks they could pose. In 

his hunt for other potentially dangerous 

viruses, Goldberg took blood samples from 

wild primates in Uganda's Kibale National 

Park. Back in Madison, Goldberg analyzed the 

samples with David O'Connor, a professor of 

pathology and laboratory medicine at the UW 

School of Medicine and Public Health 

(SMPH), and with Tom Friedrich, a professor 

of pathobiological sciences at the UW School 

of Veterinary Medicine. Together, the resea-

rchers applied early technologies in deep 

genome sequencing to look for viruses and 

identified multiple wild relatives of SHFV. 

This initial finding was important for several 

reasons, first and foremost being that it was the 

first time any relative of SHFV had been found 

in the wild. The virus had been implicated 

previously in mass deaths of captive macaques 

stricken with an Ebola-like hemorrhagic fever. 

Scientists believed the macaques were 

exposed to the virus from wild primates they 

encountered in captivity, and now Goldberg, 

O'Connor and Friedrich were able to provide 

evidence of SHFV's wild origins.

Source: University of Wisconsin news release. 

Medical Science
New gene editing strategy could lead to treatments for immune system 

Researchers say the study, published in 

Science Translational Medicine, could lead 

to new treatments for a rare disease of the 

white blood cells that normally help to 

control the immune system – known as 

regulatory T cells – and those that protect the 

body from repeat infections and cancer – 

known as effector T cells.  Patients with the 

condition, known as CTLA-4 insufficiency, 

carry mutations in a gene that cause these T 

cells to function abnormally. It leads them to 

suffer from severe autoimmunity. The 

condition also hampers their immune 

system's 'memory', meaning patients can 

struggle to fight off recurring infections by 

the same viruses and bacteria. In some cases, 

it can also lead to lymphomas, a type of blood 

cancer. Using the CRISPR/Cas system, the 

researchers were able to target the faulty gene 

in T cells taken from patients with CTLA-4 

insufficiency and repair the errors. This 

restored the levels of CTLA-4 in the cells to 

those seen in healthy T cells. They were also 

able to improve symptoms of the disease in 

mice with CTLA-4 insufficiency by giving 

them injections of gene edited T cells. Co-

senior author, Professor Claire Booth, 

Mahboubian said: “It's really exciting to think 

about taking this treatment forward to 

patients. If we can improve their symptoms 

and reduce their risk of getting lymp-

hoproliferative disease this will be a major 

step forward. This particular paper is 

important because we are using the newest 

gene editing techniques to precisely correct 

these T cells, which is a new approach in 

inborn errors of immunity.” CTLA-4 is a 

protein produced by T cells that helps to 

control the activity of the immune system. 

Most people carry two working copies of the 

gene responsible for producing CTLA-4, but 

those who have only one functional copy 

produce too little of the protein to sufficiently 

regulate the immune system.

Professor Booth said: “Our approach has many 

positive aspects. By correcting the patient's T 

cells, we think it can improve many of the 

symptoms of the disease, at the same time as 

being much less toxic than a bone marrow 

transplant. Collecting the T cells is easier and, 

correcting the T cells is easier. With this 

approach the amount of time in hospital the 

patients would need would be far less.” Co-

senior author, Professor Emma Morris said: 

“Genes that play critical roles in controlling 

immune responses are not switched on all the 

time and are very tightly regulated. The 

technique we have used allows us to leave the 

natural (endogenous) mechanisms controlling 

gene expression intact, at the same time as 

correcting the mistake in the gene itself.”
Source: UCL news release
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A microbe's local environment can be the difference between life and 
death

Caltech researchers have discovered that 
changes in local oxygen concentration have 
drastic impacts on whether microbial 
neighbors live or die in the presence of a 
common microbial by-product, nitric oxide 
(NO). The results suggest that large-scale 
global models, such as those of the nitrogen 
cycle, ought to work toward representing the 
fact that chemical microscale environments 
affect microbial behavior. A paper describing 
the research appears in the journal Current 
Biology. The study was led by graduate 
student Steven Wilbert and carried out in the 
laboratory of Dianne Newman, Gordon M. 
Binder/Amgen Professor of Biology and 
Geobiology and executive officer for biology 
and biological engineering. Denitrification, is 
a crucial part of biological processes across 
the planet. Recent research has shown that 
different steps in this pathway may be 
performed by different members of diverse 
microbial communities. To examine how a 
microbe's local environment affects its ability 
to carry out the denitrification process, 

Wilbert used Pseudomonas aeruginosa, a 
bacterium studied extensively in the Newman 
laboratory as a model organism. Using genetic 
engineering techniques, Wilbert produced a 
strain that carried out only the first half of the 
denitrification pathway and another strain that 
executed only the second half of the pathway. 
Then, Wilbert studied how those two 
engineered bacterial strains interact under 
different oxygen environments. The idea was 
that the "first half" strain produces NO as a by-
product, and the team aimed to discover how 
the "second half" strain would handle the NO 

under differing local oxygen concentrations, 
and how, in turn, this would affect the entire 
community. The study showed that, in the 
absence of oxygen, the second genetically 
engineered strain of Pseudomonas was able to 
take NO produced by the first and chemically 
alter, or reduce, that chemical as part of the 
normal denitrification process. Additionally, 
the bacteria were able to use NO as a substrate 
upon which to grow. However, in an 
environment with higher concentrations of 
o x y g e n ,  N O  b e c a m e  t o x i c ,  k i l l i n g 
Pseudomonas strains that could not reduce the 
molecule. While the study revealed the 
specifics of how oxygen mediates cellular 
interactions with NO, the research also points 
to more general principles about a broad class 
of microbial by-products. NO is an example of 
a "redox-active metabolite," or RAM. This 
study provides a new way to study how RAMs' 
impacts on microbes are affected by their local 
microenvironment, which can be highly 
variable in space and over time.

Source: Caltech news release. 

Microbial Science

Research into ancient lineage of fungi upends assumptions about its 
genetic relationships

Mycologists tend to base their evolutionary 
assumptions about all fungi on the higher 
fungi such as mushrooms, bread molds and 
yeasts. But that is a mistake, according to a 
major recent study published in the 
Proceedings of the National Academy of 
Sciences. “The traits that the higher fungi 
possess are not indicative of the lower fungi, 
the early diverging fungi,” said Rabern 
Simmons, curator of fungi at the Purdue 
University Herbaria in Botany and Plant 
Pathology in the College of Agriculture. The 
evolutionary history of the often-overlooked 
lineage of chytrid fungi has vexed scientists 
for decades. “It takes a lot of our assumptions 
about early-diverging fungi and the 
increasing complexity of fungi as you work 
up the tree and throws them out the window,” 
Simmons said. “We showed that the chytrids 
still possess a lot of features that link them to 
that common ancestor. In recent years, certain 
chytrid fungi have become a scourge of 
biodiversity. One infamous species of 
chytrids, described by Simmons' graduate 
advisor and PNAS paper co-author Joyce 

Longcore at the University of Maine, has 
caused massive amphibian die-offs and 
extinctions. Key to the PNAS study was how 
fungi that use different reproductive strategies 
were related to each other. Haploid organisms 
reproduce via mitosis cell division and have 
one set of chromosomes. Diploid organisms 
have two sets of chromosomes, one from each 
parent, and most commonly reproduce via 
meiosis. This produces two haploid gametes, 
such as sperm and egg in humans, which fuse 
to form a new diploid organism. “We started 

to look at the haploid versus diploid 
relationships in these fungi as opposed to 
higher fungi like mushrooms, bread molds and 
yeasts, things that people more commonly 
associate when they think of fungi,” Simmons 
said. “We found that a lot of the primary 
assumptions that haploid gives rise to diploid 
lifestyle — increasing complexity through the 
fungal kingdom — were not true. These things 
were reproducing by mitosis, but they weren't 
a lways  haploid;  some were  d iploid . 
Mycologists theorized that the higher fungi 
began as haploids that eventually gave rise to 
diploids. “They thought the chytrids probably 
were much the same. It turns out based on this 
genomic analysis that that's not the case,” 
Simmons said. The researchers concluded that 
fungal evolution proceeded more gradually 
and with more diversity than previously 
suspected. Their work led them to agree with 
some new classifications of chytrid fungi. 

Source: Purdue University news release. 
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Attack on 2 fronts leads ocean bacteria to require carbon boost
Viruses are abundant in the ocean, and 

research now suggests that marine viruses 

have beneficial functions, including helping 

to drive carbon absorbed from the atmosphere 

to permanent storage on the ocean floor. When 

viruses infect other microbes in that 

environment (and anywhere, in fact), the 

interaction results in creation of entirely new 

organisms called “virocells.” In this new 

study, researchers worked with cyano-

virocells – cyanobacteria that absorb carbon 

and release oxygen through photosynthesis 

that have been infected with viruses. 

“More energy for these organisms probably 

means more CO2 fixation, so I would 

speculate that carbon sinking and carbon 

sequestration from the atmosphere is greater 

because of the interaction between predators, 

photosynthetic bacteria and viruses,” said 

Cristina Howard-Varona, first author of the 

study and a research scientist in microbiology 

at The Ohio State University. The study was 

published online recently in the journal ISME 

Communications. “The ocean covers 70% of 

our planet and buffers us against climate 

change – and below the surface, there are all 

these complex interactions that we know so 

little about,” said Matthew Sullivan, co-senior 

author of the study and a professor of 

microbiology at Ohio State. “What we've 

learned is that these photosynthetic bacteria, 

which are the most important player for 

climate change in the oceans, are not just 

living their own lives. They're being attacked 

by bigger organisms that eat them and much 

smaller 'organisms' – the viruses that infect 

them,” Sullivan said. “What is so interesting 

is that virus infection completely transforms a 

single-celled organism into these virocells, 

and we're just now beginning to understand 

how virocells contribute to marine cycles and 

affect climate change.” The research team 

created ocean-like conditions by combining 

Synechococcus cyanobacteria, viruses and a 

protist called Oxyrrhis marina in ocean water 

to create cyanovirocells that were then 

attacked by the protist predator. They then 

compared the infected bacteria's gene 

expression and metabolic changes observed in 

these conditions to three controls: uninfected 

bacteria alone, cyanovirocells alone, and 

uninfected bacteria in the presence of protists. 

Using a variety of computational techniques, 

the researchers saw significant differences in 

the infected bacteria's gene expression and 

metabolism-related molecules when the 

protist predators were introduced to the marine 

water environment – and noted that some of 

those changes were traced to the infecting 

virus inside the cell, suggesting the protist's 

presence could be sensed by the cyanovirocell.

Source: The Ohio State University news 

release.

Neuroscience

Scientists detect dementia signs as early as nine years ahead of 
diagnosis

In research published in Alzheimer's & 

Dementia: The Journal of the Alzheimer's 

Association, the team analysed data from the 

UK Biobank and found impairment in several 

areas, such as problem solving and number 

recall, across a range of conditions. Until now, 

it has been unclear whether it might be 

possible to detect changes in brain function 

before the onset of symptoms. To help answer 

this question, researchers at the University of 

Cambridge and Cambridge University Hosp-

itals NHS Foundation Trust turned to UK 

Biobank, a biomedical database and research 

resource containing anonymised genetic, 

lifestyle and health information from half a 

million UK participants aged 40-69. As well 

as collecting information on participants' 

health and disease diagnoses, UK Biobank 

collected data from a battery of tests including 

problem solving, memory, reaction times and 

grip strength, as well as data on weight loss 

and gain and on the number of falls. This 

allowed them to look back to see whether any 

signs were present at baseline – that is, when 

measurements were first collected from 

participants (between five and nine years prior 

to diagnosis). People who went on to develop 

Alzheimer's disease scored more poorly 

compared to healthy individuals when it came 

to problem solving tasks, reaction times, 

remembering lists of numbers, prospective 

memory (our ability to remember to do 

something later on) and pair matching. This 

was also the case for people who developed a 

rarer form of dementia known as fronto-

temporal dementia. People who went on to 

develop Alzheimer's were more likely than 

healthy adults to have had a fall in the previous 

12 months. Those patients who went on to 

develop a rare neurological condition known 

as progressive supranuclear palsy (PSP), 

which affects balance, were more than twice as 

likely as healthy individuals to have had a fall. 

For every condition studied – including 

Parkinson's disease and dementia with Lewy 

bodies – patients reported poorer overall health 

at baseline. First author Nol Swaddi-wudh-

ipong said: “When we looked back at patients' 

histories, it became clear that they were 

showing some cognitive impairment several 

years before their symptoms became obvious 

enough  to  p rompt  a  d iagnos i s .  The 

impairments were often subtle, but across a 

number of aspects of cognition. “This is a step 

towards us being able to screen people who are 

at greatest risk – for example, people over 50 or 

those who have high blood pressure or do not 

do enough exercise – and intervene at an earlier 

stage to help them reduce their risk.”

Source: University of Cambridge news 

release.
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Pain-sensing gut neurons protect against inflammation

Neurons that sense pain protect the gut from 

inflammation and associated tissue damage 

by regulating the microbial community living 

in the intestines, according to a study from 

researchers at Weill Cornell Medicine. The 

researchers, whose report appears in the 

journal Cell, found in a preclinical model that 

pain-sensing neurons in the gut secrete a 

molecule called substance P, which appears to 

protect against gut inflammation and related 

tissue damage by boosting the population of 

beneficial microbes in the gut. The resea-

rchers also found that these pain-sensing 

nerves are diminished in number, with 

significant disruptions to their pain-signaling 

genes, in people who have inflammatory 

bowel disease (IBD). IBD covers two distinct 

disorders, Crohn's disease and ulcerative 

colitis. “These findings reshape our thinking 

about chronic inflammatory disease, and open 

up a whole new approach to therapeutic 

intervention,” said study senior author David 

Artis. The study's first author, Wen Zhang 

added, “Defining a previously unknown 

sensory function for these specific neurons in 

influencing the microbiota adds a new level of 

understanding to host-microbiota inter-

actions.” As Artis's laboratory and others have 

shown in recent years, the nervous system, 

which is “wired” into most organs, appears to 

be yet another powerful regulator of the 

immune system at the body's barrier surfaces. 

In the new study, Artis and his team 

specifically examined pain neurons that 

innervate – extend their nerve endings into – 

the gut. These gut-innervating pain neurons, 

whose cell bodies sit in the lower spine, 

express a surface protein called TRPV1, 

which serves as a receptor for pain-related 

signals. TRPV1 can be activated by high heat, 

acid and the chili-pepper compound 

capsaicin, for example – and the brain 

translates this activation into a sense of 

burning pain. The researchers found that 

silencing these TRPV1 receptors in gut 

nerves, or deleting TRPV1-expressing 

neurons, led to much worse inflammation and 

tissue damage in IBD mouse models, whereas 

activating the receptors had a protective effect. 

The investigators observed that the worsened 

inflammation and tissue damage in TRPV1-

blocked mice were associated with changes in 

the relative populations of different species of 

gut bacteria. When this altered bacterial 

population was transplanted into normal mice, 

it caused the same worsened susceptibility to 

inflammation and damage. By contrast, broad-

spectrum antibiotic treatment could reverse 

this susceptibility even in TRPV1-blocked 

mice. This result demonstrated that TRPV1-

expressing nerves protect the gut mainly by 

helping to maintain a healthy gut microbe 

population.

Source: Cornell University news release. 

Neuroscience

New insights into how the brain separates perception from memory

The brain works in fundamentally different 

ways when remembering what we have seen 

compared to seeing something for the first 

time. The brain works in fundamentally 

different ways when remembering what we 

have seen compared to seeing something for 

the first time, a team of scientists has found. 

While previous work had concluded there is 

significant overlap between these two 

processes, the new study, which appears in the 

journal Nature Communications, reveals they 

are systematically different. “There are 

undoubtedly some similarities between the 

brain's activity when people are seeing and 

remembering things, but there are also 

significant differences,” says Jonathan 

Winawer, the senior author of the paper. 

Using functional MRI (fMRI) technology, 

the researchers measured the subjects' visual 

cortex responses as they viewed images and, 

later, when they were asked to recall their 

make-up. Varying the location of these visual 

shapes in the experiments allowed the 

researchers to monitor and understand 

memory activity in the visual system in a 

highly precise way. The results showed some 

similarities between neuronal activity when 

initially processing these visual shapes and 

when asked to recall them—the parts of the 

visual  cortex deployed when seeing 

something for the first time (perception) were 

also active during memory processing.  

However, activity during memory also 

differed from activity during perception in 

highly systematic ways. Many of these 

differences stem from how visual scenes are 

mapped onto the brain. The brain has dozens 

of visual areas to process and store incoming 

images. These areas are arranged in a 

hierarchy—a long-understood characteristic. 

More specifically, the primary visual cortex 

(V1) is at the bottom of the hierarchy because it 

is the first area to receive visual inputs, and it 

maps the visual scene in fine spatial detail. The 

signals are then passed along to subsequent 

brain maps for further processing—to the 

secondary visual cortex, or V2, and then V3, 

etc. The initial processing by the primary 

visual cortex accurately captures the spatial 

arrangement of images while the higher brain 

areas, such as the secondary visual cortex, 

extract more complex information. But what is 

gained in complexity is lost in spatial 

precision. The researchers found that during 

perception viewing a small object activated a 

small part of the primary visual cortex, a larger 

part of secondary visual cortex, and even larger 

parts of higher cortices. However, they found 

that this progression appears to be lost when 

recalling a visual stimulus (i.e., memory). 

Source: New York University news release

Biology, Medical Science and Engineering



DISCOVERIES & INNOVATIONS

28 The Scitech Journal Volume 09 Issue 12 December 2022

Chemical Engineering

Nano-sized islands open possibilities for application of single-
atom catalysts

A new method to anchor single atoms of 

platinum-group metals on nanometer-sized 

islands allows for efficient use of these 

expensive metals as catalysts for a wide 

variety of applications.

Reporting in the journal Nature, researchers 

including Professor Bruce Gates, Department 

of Chemical Engineering at the University of 

California, Davis, showed that platinum 

atoms could be confined on small cerium-

oxide islands within a porous material to 

catalyze reactions without sticking to each 

other, which has been a major stumbling block 

for their use. The study was led by Arizona 

State University Professor Jingyue Liu, Gates, 

and Washington State University Professor 

Yong Wang. “The stabilization of precious 

metals to allow each atom to be a catalyst is a 

holy grail in the catalysis field,” said Wang. 

“We are not only using the least amount of 

platinum group metals but are also making 

each atom much more reactive.” Once the 

metal atoms are exposed to the conditions 

required for reactions, they tend to clump 

together. The research team solved the 

problem by dispersing the metal atoms within 

the nanometer-sized islands of cerium oxide. 

The numerous islands lie on a commercial 

silicon-dioxide support that is widely used in 

many common catalytic reactions, but the 

metal atoms are excluded from the support. 

With its extremely high surface area, the 

silicon dioxide is able to anchor a very large 

number of the islands holding the metal atoms 

within a small volume. The cerium oxide 

sticks like a glue to the silicon dioxide and 

holds the individual metal atoms tightly so 

that they don't wander off to find each other, 

c lump and become ineffect ive.  The 

researchers found that the island-confined 

metal atoms were stable in catalyzing 

reactions under both oxidative and reductive 

conditions. “The atomic precision of the 

manufacture of the new catalysts may open 

avenues to design catalysts with unpre-

cedented flexibility in the placement of 

targeted numbers of atoms on each island,” 

Gates said. “That allows us to investigate the 

reactivity and identify the most reactive 

species—to find out which structures and 

configurations are most efficient.” The 

researchers hope to further study the approach 

for a wide range of catalytic applications. 

“This work gives the scientific community a 

new tool in the toolkit to understand the 

catalytic site requirement for specific 

reactions of interest and for developing highly 

active and stable new catalysts,” said Liu. “It 

creates tremendous opportunities for catalytic 

technology and takes atomically dispersed 

metal catalysts one major step closer to 

practical applications.”

Source: University of California, Davis news 

release. 

Chemical Engineering

Hazardous herbicide chemical goes airborne
“Dicamba drift” — the movement of the 

herbicide dicamba off crops through the 

atmosphere — can result in unintentional 

damage to neighbouring plants. To prevent 

dicamba drift, other chemicals, typically 

amines, are mixed with dicamba to “lock” it in 

place and prevent it from volatilizing, or 

turning into a vapor that more easily moves in 

the atmosphere. Now, new research from the 

lab of Kimberly Parker, an assistant professor 

at Washington University in St. Louis' 

McKelvey School of Engineering, has shed 

new light on this story by demonstrating for 

the first time that these amines themselves 

volatilize, often more than dicamba itself. 

Their findings were published in the journal 

Environmental Science and Technology. The 

volatilization of amines when applied with 

dicamba may help explain the processes that 

cause dicamba drift. However, amines are 

used in other herbicides as well, including as 

glyphosate, the most-used herbicide in the 

world. Regardless of the herbicide, the 

researchers found that amines still volatilized. 

If amines, themselves, are released into the 

atmosphere, they can have a negative impact 

on human health as they can form cancer-

promoting substances. They also affect the 

climate and atmospheric chemistry. “Amines 

also undergo reactions to form particulate 

matter — tiny particles that can make their 

way into the body when inhaled,” Parker said. 

“Those particles are also toxic and carcino-

genic,” and they carry consequences for 

atmospheric chemistry by affecting climate. 

“Researchers have looked at industrial applic-

ations, animal operations and environmental 

sources of amines, but no one has looked at 

herbicides at all, as far as we have seen, 

despite the fact that large quantities of 

herbicide-amine mixtures are being sprayed 

onto crops across the country,” Parker said. 

First author Stephen Sharkey, a PhD student in 

Parker's lab, led that earlier research studying 

dicamba volatilization from dicamba-amine 

mixtures and wondered, “If the dicamba is 

volatilizing, what's happening to the amine 

that's supposed to be there stopping the 

volatilization process?” To find out, Sharkey 

measured the change in the amount of amines 

present over time when mixed with different 

herbicides. The results? In all mixtures, the 

amines volatilized from the herbicide-amine 

mixtures. In agricultural settings, Parker 

pointed out, amines are not only mixed with 

dicamba, but also with other herbicides, 

including 2,4-D and the widely used 

glyphosate. Sharkey concluded that herbicide 

use is responsible for the release of about 4 

gigagrams (4,000 metric tons) of amines 

annually in the United States.

Source: Washington University in St. Louis 

news release. 
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'Forever Chemicals' persist through wastewater treatment, may 
enter crops

PFAS (per-and polyfluoroalkyl substances), a 

group of more than 4,700 fully synthetic 

compounds that are widely used in industrial 

and manufacturing processes and found in 

many consumer products, persist through 

wastewater treatment at levels that may 

impact the long-term feasibility of "beneficial 

reuse of treated wastewater," according to a 

study published in the Agronomy Journal. 

PFAS, often referred to as "forever chem-

icals," are used to make fluoropolymer 

coatings and products that resist heat, oil, 

stains, grease and water, and are found in a 

variety of products. “PFAS are so pervasive 

and persistent that they have been found in the 

environment all over the world, even in 

remote locations,” said Heather Preisendanz, 

associate professor of agricultural and 

biological engineering at Penn State. “Unfor-

tunately, these compounds have been shown 

to negatively impact ecological and human 

health, particularly because they can 

bioaccumulate up the food chain.” Because of 

their wide variety of uses, PFAS enter 

wastewater treatment plants from both 

household and industrial sources, said 

Preisendanz. According to Preisendanz, 

beneficial reuse of treated water provides an 

opportunity for the soil to act as an additional 

filter for PFAS, reducing the immediate 

impact of direct discharge of PFAS to surface 

water, as would typically happen following 

traditional wastewater treatment. However, 

given that the chemical structures of PFAS 

are difficult to degrade, the risks and potential 

tradeoffs of using treated wastewater for 

irrigation practices, especially in the long-

term, are not well understood. “PFAS have 

been shown to be taken up by crops and enter 

the food chain when the crops are consumed, 

so when treated wastewater is used for 

irrigation activities in agricultural fields, 

understanding these tradeoffs is of critical 

importance,” she said. Preisendanz and her 

colleagues analyzed PFAS concentrations in 

water that passed through a water reclamation 

facility. They collected bi-monthly water 

samples from fall 2019 through winter 2021 

prior to treatment and after treatment. Since 

the treated water from the wastewater 

treatment plant is used to irrigate nearby crops, 

the team also collected tissues from those crop 

plants, including corn silage and tall fescue, to 

assess for the presence of PFAS. The team 

identified 10 types of PFAS across the site, 

with average total measured concentrations of 

88 ng/L in the wastewater effluent and 

concentrations as high as 155 ng/L in the 

downstream monitoring wells. The conclu-

sions suggest that occurrence of PFAS across 

the site is nearly ubiquitous, and that levels 

increase with the direction of groundwater 

flow.

Source: Penn State news release

Chemistry

Lipid expansion microscopy uses the 'power of click chemistry'

Researchers in the lab of Jeremy Baskin, 

associate professor of chemistry and chemical 

biology in the College of Arts and Sciences 

and member of the Weill Institute for Cell and 

Molecular Biology, have discovered a way to 

apply expansion microscopy, which expands 

cell components to make them more visible, to 

lipids using click chemistry. “Lipid Expansion 

Microscopy” was published in the Journal of 

the American Chemical Society. Lipid 

Expansion Microscopy (LExM) enables 

closer study of biological membranes, the site 

of critical cell signaling and nutrient 

exchange, said Brittany White-Mathieu, first 

author of the paper. “If these processes are 

disrupted, it can lead to disease,” White-

Mathieu said. “Being able to image membrane 

interactions or just how membranes change 

when they are introduced to certain stimuli can 

shed light on how cells respond to external 

things that can be good or bad for our bodies.” 

Expansion microscopy, used to look at 

proteins, DNA and sugars, hasn't worked well 

for lipids, Baskin said. The dynamic nature of 

membrane formations and processes, 

sometimes necessary to move the cell's 

contents from one side of the membrane to the 

other, make them difficult to image, especially 

if you want to image the membranes that are 

forming those contacts. “The problem we're 

trying to solve with this method is being able 

to visualize when different parts of the cell 

have to nestle up close to one another,” he said. 

In addition, the hydrophobic nature that makes 

a lipid a good barrier component also makes it 

tricky to image with expansion microscopy. 

“The tagging methods used for this type of 

microscopy don't work for lipids, Baskin said. 

“Brittany's brilliant idea is in the tagging 

chemistry.” To expand an object and not distort 

it during expansion microscopy, you have to 

break the links between the components in the 

object, which normally requires experimental 

conditions that lose all the lipids, Baskin said. 

White-Mathieu developed a method that 

retains the lipids so they can be imaged. She 

used metabolic labels that have clickable 

labels on them – that is, an extremely targeted 

chemical reaction that enables two molecules 

to snap together quickly and efficiently, like 

two pieces of a jigsaw puzzle, among 

thousands, that fit together. LExM can 

potentially be useful in biomedical research, 

Baskin said, including to study genetic 

diseases associated with perturbed lipid 

metabolism, where a lot of fundamental 

studies of cell metabolism and organization are 

needed to inform the development of future 

therapies.

Source: Cornell University news release. 
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Researchers take inspiration from soil to create new material

A handful of soil is not only a miracle to a 

farmer, but also an engineer: “It can respond to 

a range of stimuli,” said chemist Bozhi Tian. 

“If you shine light or heat on it, if you step on 

it, if you add water, if you add chemicals—the 

soil changes in response and in turn, this 

affects the microbes or plants living in the soil. 

There are so many things we can learn from 

this.” Tian and his laboratory at the University 

of Chicago are taking inspiration from nature 

to engineer new systems with a range of 

potential applications. Their latest experiment 

mimics the structure of soil to create materials 

that can interact with their environment, with 

promise for electronics, medicine, and biofuel 

technology. It has multiple potential applic-

ations; preliminary tests have shown the 

material can boost the growth of microbes and 

may be able to help treat gut disorders. In a 

study described in the journal Nature 

Chemistry, the team designed a springy 

substance composed of tiny particles of clay, 

starch, and droplets of liquid metal. The clay 

and starch create structure with lots of nooks 

and crannies, but it's flexible enough that the 

material can also adapt and respond to the 

conditions around it. Much like real soil, these 

nooks and crannies create the perfect spots for 

microbes to flourish. “We found the porosity 

is very important; we call it the partitioning 

effect,” said Tian. “I think of it like a 

meeting—if you break a large meeting or 

class into smaller sections there will be more 

interaction.” Microbes can also be put to work 

producing molecules such as biofuels, which 

are used as a renewable alternative to fuels 

like gasoline. Tian's lab found that their 

material encouraged the growth of the 

biofilms used in biofuel production. It may 

extend to other uses, too; “This is potentially a 

more environmentally friendly method to 

make various chemicals used in industrial 

production,” said Jiping Yue, a scientist in 

Tian's lab and a co-first author on the study. In 

the course of their experiments, the lab also 

found that the droplets of liquid metal boosted 

the growth of bacteria. “We're not yet sure 

about the mechanism, but if you leave out the 

liquid metal, the biofilms and the gut 

microbiome diversity both drop,” said Tian. 

They theorized it could have to do with 

providing a source of metal ions, which are 

abundant in the body and used in enzymes.

Source: University of Chicago news release. 

Material Science

Material that can be made like a plastic but conducts like metal

Scientists with the University of Chicago have 

discovered a way to create a material that can 

be made like a plastic but conducts electricity 

more like a metal. The research, published in 

the journal Nature, shows how to make a kind 

of material in which the molecular fragments 

are jumbled and disordered, but can still 

conduct electricity extremely well. “In 

principle, this opens up the design of a whole 

new class of materials that conduct electricity, 

are easy to shape, and are very robust in 

everyday conditions,” said John Anderson, the 

senior author on the study. “Essentially, it 

suggests new possibilities for an extremely 

important technological group of materials,” 

said Jiaze Xie, the first author on the paper. 

Conductive materials are absolutely essential 

if you're making any kind of electronic device, 

whether it be an iPhone, a solar panel, or a 

television. By far the oldest and largest group 

of conductors is the metals. Later, scientists 

were able to create conductors made out of 

organic materials. But fundamentally, both of 

these organic and traditional metallic 

conductors share a common characteristic. 

They are made up of straight, closely packed 

rows of atoms or molecules. This means that 

electrons can easily flow through the material, 

much like cars on a highway. Xie began 

exper iment ing  wi th  some mater ia ls 

discovered years ago, but largely ignored. He 

strung nickel atoms like pearls into a string of 

of molecular beads made of carbon and sulfur, 

and began testing. The material easily and 

strongly conducted electricity. What's more, it 

was very stable. “We heated it, chilled it, 

exposed it to air and humidity, and even 

dripped acid and base on it, and nothing 

happened,” said Xie. That is enormously 

helpful for a device that has to function in the 

real world. But to the scientists, the most 

striking thing was that the molecular structure 

of the material was disordered. “From a 

fundamental picture, that should not be able to 

be a metal,” said Anderson. “There isn't a solid 

theory to explain this.” One of the material's 

attractive characteristics is new options for 

processing. For example, metals usually have 

to be melted in order to be made into the right 

shape for a chip or device, which limits what 

you can make with them, since other 

components of the device have to be able to 

withstand the heat needed to process these 

materials.

Source: University of Chicago news release. 
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Material Science

Smart plastic material is step forward toward soft, flexible robotics and 
electronics

Inspired by living things from trees to 

shellfish, researchers at The University of 

Texas at Austin set out to create a plastic much 

like many life forms that are hard and rigid in 

some places and soft and stretchy in others. 

Their success — a first, using only light and a 

catalyst to change properties such as hardness 

and elasticity in molecules of the same type — 

has brought about a new material that is 10 

times as tough as natural rubber and could lead 

to more flexible electronics and robotics. The 

findings are published today in the journal 

Science  “This is the first material of its type,” .

said Zachariah Page, corresponding author on 

the paper. “The ability to control crysta-

lization, and therefore the physical properties 

of the material, with the application of light is 

potentially transformative for wearable 

electronics or actuators in soft robotics.” 

Oftentimes, when bringing materials together, 

particularly if they have very different 

mechanical properties, they want to come 

apart,” Page said. Page and his team were able 

to control and change the structure of a plastic-

like material, using light to alter how firm or 

stretchy the material would be. Monomers 

binds to form the building blocks for larger 

structures called polymers that were similar to 

the polymer found in the most commonly 

used plastic. After testing a dozen catalysts, 

they found one that, when added to their 

monomer and shown visible light, resulted in 

a semicrystalline polymer similar to those 

found in existing synthetic rubber. A harder 

and more rigid material was formed in the 

areas the light touched, while the unlit areas 

retained their soft, stretchy properties. 

Because the substance is made of one material 

with different properties, it was stronger and 

could be stretched farther than most mixed 

materials. The reaction takes place at room 

temperature, the monomer and catalyst are 

commercially available, and researchers used 

inexpensive blue LEDs as the light source in 

the experiment. The reaction also takes less 

than an hour and minimizes use of any 

hazardous waste, which makes the process 

rapid, inexpensive, energy efficient and 

enviro-nmentally benign. The researchers will 

next seek to develop more objects with the 

material to continue to test its usability. The 

team envisions the material could be used as a 

flexible foundation to anchor electronic 

components in medical devices or wearable 

tech. In robotics, strong and flexible materials 

are desirable to improve movement and 

durability.

Source: University of Texas at Austin news 

release

Material Science

A drone wing could learn how to sense danger faster

Patterns of these invertible domes on a drone's 

wings would give it a way to remember in 

microseconds what dangerous conditions feel 

like and react quickly. The study, conducted 

by researchers at Purdue University and the 

University of Tennessee, Knoxville, is among 

the first demonstrations of a metamaterial that 

uses its shape to learn how to adapt to its 

surroundings on its own. The paper is 

published in the journal Advanced Intelligent 

Systems. “There's this problem called 'data 

drowning.' Drones cannot use their full flight 

capability because there is just too much data 

to process from their sensors, which prevents 

them from flying safely in certain situations,” 

said Andres Arrieta, a lead researcher. Dome-

covered surfaces that can sense their 

surroundings would be a step toward enabling 

a drone's wings to feel only the most necessary 

sensory information. Because it only takes a 

certain minimum amount of force to invert a 

dome, forces below this threshold are 

automatically filtered out. A specific 

combination of domes popped up and down at 

certain parts of the wing, for example, could 

indicate to the drone's control system that the 

wing is experiencing a dangerous pressure 

pattern. Other dome patterns could signify 

dangerous temperatures or that an object is 

approaching, Arrieta said. Because a dome 

can adopt only two states — popped up or 

popped down — these states can act like 

zeroes and ones to create spatial patterns for 

building associative memory. Arrieta and his 

team showed in the study that when a certain 

level of force inverts a dome, sensors 

embedded into the flat part of a metamaterial 

sheet surrounding the dome detect the change 

in shape. An electrical signal then triggers a 

memory device called a memristor to make a 

record of the force and where it was detected 

on the sheet. With each instance of an inverted 

dome, the metamaterial learns to remember the 

pattern that a certain level of force creates on 

its surface. Since the metamaterial can be 

manufactured with existing methods, these 

domes can easily cover a large surface area like 

a drone's wing, Arrieta said. Next, the 

researchers will test how the material responds 

to its surroundings based on information it 

learns from the domes. Arrieta anticipates that 

it will be possible to build a drone wing using 

this material design in the next three to five 

years.

Source: Purdue University news release.
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Astrobiology

Ancient bacteria might lurk beneath Mars' surface

In a first-of-its-kind study, a research team, 

including Northwestern University's Brian 

Hoffman and Ajay Sharma, found that ancient 

bacteria could survive close to the surface on 

Mars much longer than previously assumed. 

And — when the bacteria are buried and, thus, 

shielded from galactic cosmic radiation and 

solar protons — they can survive much longer.

These findings strengthen the possibility that 

if life ever evolved on Mars, its biological 

remains might be revealed in future missions. 

The  paper was published recently in the 

journal Astrobiology.  “Our model organisms 

s e r v e  a s  p r o x i e s  f o r  b o t h  f o r w a r d 

contamination of Mars, as well as backward 

contamination of Earth, both of which should 

be avoided,” said Michael Daly, a professor of 

pathology at Uniformed Services University 

of the Health Sciences (USU) and member of 

the National Academies' Committee on 

Planetary Protection, who led the study. 

“Importantly, these findings have biodefense 

implications, too, because the threat of 

biological agents, such as Anthrax, remains a 

concern to military and homeland defense.” 

“We concluded that terrestrial contamination 

on Mars would essentially be permanent — 

over timeframes of thousands of years,” said 

Hoffman, a senior co-author of the study. 

“This could complicate scientific efforts to 

look for Martian life. Likewise, if microbes 

evolved on Mars, they could be capable of 

surviving until present day. That means 

returning Mars samples could contaminate 

Earth.” To explore whether or not life could 

survive in these conditions, Daly, Hoffman 

and their collaborators first determined the 

ionizing radiation survival limits of microbial 

life. Then, they exposed six types of Earthling 

bacteria and fungi to a simulated Martian 

surface — which is frozen and dry — and 

zapped them with gamma rays or protons (to 

mimic radiation in space). “There is no 

flowing water or significant water in the 

Martian atmosphere, so cells and spores would 

dry out,” Hoffman said. “It also is known that 

the surface temperature on Mars is roughly 

similar to dry ice, so it is indeed deeply 

f rozen.”  Ult imately,  the  researchers 

d e t e r m i n e d  t h a t  s o m e  t e r r e s t r i a l 

microorganisms potentially could survive on 

Mars over geologic timescales of hundreds of 

millions of years. In fact, the researchers 

discovered that  one robust  microbe, 

Deinococcus radiodurans (affectionately 

known as “Conan the Bacterium”), is 

particularly well-suited to surviving Mars' 

harsh conditions. In the novel experiments, 

Conan the Bacterium survived astronomical 

amounts of radiation in the freezing, arid 

environment — far outlasting  spores, Bacillus

which can survive on Earth for millions of 

years. 

Source: Northwestern University news 

release.

Astrophysics

Black hole burps up shredded star

In October 2018, a small star was ripped to 

shreds when it wandered too close to a black 

hole in a galaxy located 665 million light years 

away from Earth. Though it may sound 

thrilling, the event did not come as a surprise 

to astronomers who occasionally witness 

these violent incidents while scanning the 

night sky. But nearly three years after the 

massacre, the same black hole is lighting up 

the skies again — and it hasn't swallowed 

anything new, scientists say. “This caught us 

completely by surprise — no one has ever seen 

anything like this before,” says Yvette Cendes, 

the lead author of a new study analyzing the 

phenomenon. The team concludes that the 

black hole is now ejecting material traveling at 

half of the speed of light but are unsure why 

the outflow was delayed by several years. The 

results, described this week in the Astro-

physical Journal, may help scientists better 

understand black holes' feeding behavior, 

which Cendes likens to “burping” after a meal. 

The team spotted the unusual outburst while 

revisiting tidal disruption events (TDEs) — 

when encroaching stars are spaghettified by 

black holes — that occurred over the last 

several years. The team collected observ-

ations of the TDE, dubbed AT2018hyz, in 

multiple wavelengths of light using the VLA, 

the ALMA Observatory in Chile, MeerKAT 

in South Africa, the Australian Telescope 

Compact Array in Australia, and the Chandra 

X-Ray Observatory and the Neil Gehrels 

Swift Observatory in space. Radio obser-

vations of the TDE proved the most striking. 

“We have been studying TDEs with radio 

telescopes for more than a decade, and we 

sometimes find they shine in radio waves as 

they spew out material while the star is first 

being consumed by the black hole,” says Edo 

Berger, professor of astronomy at Harvard 

University and the CfA, and co-author on the 

new study. “But in AT2018hyz there was radio 

silence for the first three years, and now it's 

dramatically lit up to become one of the most 

radio luminous TDEs ever observed.” Some 

spaghettified material occasionally gets flung 

out back into space. Astronomers liken it to 

black holes being messy eaters — not 

everything they try to consume makes it into 

their mouths. But the emission, known as an 

outflow, normally develops quickly after a 

TDE occurs — not years later. “It's as if this 

black hole has started abruptly burping out a 

bunch of material from the star it ate years 

ago,” Cendes explains.

Source: Harvard University news release. 
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Astrophysics

Webb reveals unprecedented glimpse of merging galaxies

Using the James Webb Space Telescope to 

look back in time at the early universe, 

astronomers discovered a surprise: a cluster of 

galaxies merging together around a rare red 

quasar within a massive black hole. The 

findings by Johns Hopkins University and an 

international team offer an unprecedented 

opportunity to observe how billions of years 

ago galaxies coalesced into the modern 

universe. "We think something dramatic is 

about to happen in these systems," said co-

author Andrey Vayner. "The galaxy is at this 

perfect moment in its lifetime, about to 

transform and look entirely different in a few 

billion years." The work is in press in 

Astrophysical Journal Letters and available 

on the arXiv paper repository. The James 

Webb Space Telescope, launched last 

December by NASA, the European Space 

Agency, and the Canadian Space Agency, is 

the largest, most powerful telescope ever sent 

into space. Its initial general observations 

were revealed in July, but this quasar imagery 

is one of just 13 "early look" projects selected 

through a highly competitive global 

competition to decide where the telescope is 

pointed during its first months of operation. 

Although earlier observations of this area by 

NASA/ESA Hubble Space Telescope and the 

Near-Infrared Integral Field Spectrometer 

instrument on the Gemini-North telescope 

pinpointed the quasar and hinted at the 

possibility of a galaxy in transition, no one 

suspected that with Webb's crisp imaging 

they'd see multiple galaxies, at least three, 

swirling the region. "With previous images 

we thought we saw hints that the galaxy was 

possibly interacting with other galaxies on the 

path to merger because their shapes get 

distorted in the process and we thought we 

maybe saw that," said co-principal investigator 

Nadia L. Zakamska, a Johns Hopkins 

astrophysicist who helped conceive the project 

back in 2017 with then-Johns Hopkins postdoc 

Dominika Wylezalek, who's now the group 

leader at the University of Heidelberg. "But 

after we got the Webb data, I was like, 'I have 

no idea what we're even looking at here, what 

is all this stuff!' We spent several weeks just 

staring and staring at these images." The Webb 

revealed at least three galaxies moving 

incredibly fast, suggesting a large amount of 

mass is present. The team believes this could 

be one of the densest-known areas of galaxy 

formation in the early universe.

Source: Johns Hopkins University news 

release. 

Astrophysics

Astronomer helps uncover clues to formation of universe's early galaxies

Using the recently launched James Web Space 

Telescope, a team of scientists that includes a 

University of Maryland astronomer has 

spotted a galaxy group that formed in the early 

universe around a quasar—a bright deep-

space object powered by a supermassive black 

hole. The discovery expands the scientific 

community's understanding of how galaxies 

first coalesced into the cosmic web that we see 

today, and was enabled by the telescope's 

spectroscopic capability and unparalleled 

infrared sensitivity. The finding was published 

in the journal The Astrophysical Journal 

Letters. “We are witnessing the formation of a 

massive cluster of galaxies—with a mass 

nearly a hundred times that of our own Milky 

Way galaxy—only 2.5 billion years after the 

Big Bang,” said Professor Sylvain Veilleux, 

co-author and co-principal investigator of the 

study. “There are very few, if any, cases like 

this where structure formation on such a 

massive scale has been confirmed kinema-

tically, or by using the velocities of the 

galaxies.” The object the team discovered is an 

“extremely red” quasar that existed 11.5 

billion years ago. Quasars are a rare, 

incredibly luminous type of active galactic 

nucleus (AGN)—a compact region at the 

center of a galaxy that emits enough 

electromagnetic radiation to outshine all the 

galaxy's stars. This quasar is one of the most 

powerful known galactic nuclei spotted at 

such an extreme distance. Astronomers had 

speculated that the quasar's extreme emission 

could cause a “galactic wind,” pushing free 

gas out of its host galaxy and possibly greatly 

influencing future star formation there. To 

investigate the movement of the gas, dust and 

stellar material in the galaxy, the research 

team used Webb's Near Infrared Spectrograph 

(NIRSpec). Spectroscopy helped researchers 

understand the movement of the various 

outflows and winds surrounding the quasar. 

Because previous studies by the Hubble Space 

Telescope, Gemini-North telescope and others 

called attention to the quasar's powerful 

outflows and environment, astronomers had 

speculated that its host galaxy could be 

merging with some unseen partner. But they 

were not expecting Webb's NIRSpec data to 

clearly indicate that they were looking at not 

just one galaxy, but at least three more swirling 

around it. Thanks to the spectra over a broad 

area, the motions of all this surrounding 

material could be mapped, resulting in the 

conclusion that the quasar in question was in 

fact part of a dense knot of galaxy formation 

that could be home to billions of planets.

Source: University of Maryland news release. 
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Electric discharges on leaves during thunderstorms may impact nearby 
air quality

When thunderstorms rumble overhead, weak 

electrical discharges — called corona — can 

occur on tree leaves. A new study found 

coronas create large amounts of atmospheric 

chemicals that could impact air quality around 

forests, according to a team of Penn State 

scientists. “While little is known about how 

widespread these discharges are, we estimate 

that coronas generated on trees under 

thunderstorms could have substantial impacts 

on the surrounding air,” said Jena Jenkins, a 

l ead  resea rcher.  Cond i t ions  dur ing 

thunderstorms that produce lightning also 

create electric fields between clouds and the 

ground. Tall, sharply pointed objects, like 

leaves high in trees, enhance the electric field 

even further, and can lead to electrical 

breakdowns — or coronas, the scientists said. 

“There are about two trillion trees in areas 

where thunderstorms are most likely to occur 

globally and there are 1,800 thunderstorms 

going on at any given time,” Jenkins said. 

“This is definitely a process that's going on all 

the time and based on the calculations we've 

been able to do so far, we think this can affect 

air quality in and around forests and trees.” 

The team found that coronas generate extreme 

amounts of the hydroxyl radical — OH — and 

the hydroperoxyl radical — HO2. The 

hydroxyl radical initiates important chemical 

reactions in the atmosphere that clean the air 

of greenhouse gases like methane but also 

produce ozone and aerosol particle pollution, 

the scientists said. Corona-generated OH may 

increase around trees during thunderstorms 

by 100 to 1,000 times the typical amounts, the 

scientists reported in the Journal of 

Geophysical Research: Atmospheres. And 

because OH reacts with hydrocarbons 

naturally emitted by leaves to produce ozone 

and particulate matter, these spikes in OH 

levels could impact air quality, the scientists 

said. “The hydroxyl radical contributes to the 

total atmospheric oxidation of many 

atmospheric pollutants, including the 

greenhouse gas methane, improving air 

quality, and slowing climate change. However, 

these reactions can also lead to the formation 

of ozone and small aerosol particles, 

negatively affecting air quality and climate,” 

said Willian Brune, distinguished professor of 

meteorology at Penn State. “So understanding 

all the potential sources of OH is important for 

predicting future air quality and climate.” The 

work builds on a previous study led by Brune 

that found lightning and subvisible discharges 

in storm clouds during thunderstorms 

represent a potentially significant source of 

global OH, accounting for as much as 2 to 16 

% of global atmospheric OH chemistry.

Source: Penn State University news release. 

Geological Science

Laying geological groundwork for life on Earth

New research analyzing pieces of the most 

ancient rocks on the planet adds some of the 

sharpest evidence, yet that Earth's crust was 

pushing and pulling in a manner similar to 

modern plate tectonics at least 3.25 billion 

years ago. The study also provides the earliest 

proof of when the planet's magnetic north and 

south poles swapped places. The two results 

offer clues into how such geological changes 

may have resulted in an environment more 

conducive to the development of life on the 

planet. The work, described in PNAS and led 

by Harvard geologists Alec Brenner and 

Roger Fu, focused on a portion of the Pilbara 

Craton in Western Australia, one of the oldest 

and most stable pieces of the Earth's crust. 

Using novel techniques and equipment, the 

researchers show that some of the Earth's 

earliest surface was moving at a rate of 6.1 

centimeters per year and 0.55 degrees every 

million years. “There's a lot of work that 

seems to suggest that early in Earth's history 

plate tectonics wasn't actually the dominant 

way in which the planet's internal heat gets 

released, as it is today, through the shifting of 

plates,” said Brenner, a lead researcher. “This 

evidence lets us much more confidently rule 

out explanations that don't involve plate 

tectonics.” In the paper, the scientists also 

describe what's believed to be the oldest 

evidence of when Earth reversed its geoma-

gnetic fields, meaning the magnetic North and 

South Pole flipped locations. This type of flip-

flop is a common occurrence in Earth's 

geologic history, with the poles reversing 183 

times in the last 83 million years and perhaps 

several hundred times in the past 160 million 

years, according to NASA. The reversal tells a 

great deal about the planet's magnetic field 3.2 

billion years ago. Key among the implications 

is that the magnetic field was likely stable and 

strong enough to keep solar winds from 

eroding the atmosphere. This insight, 

combined with the results on plate tectonics, 

offers clues to the conditions under which the 

earliest forms of life developed. “It paints this 

picture of an early Earth that was already 

really geodyn-amically mature,” Brenner 

said. “It had a lot of the same sorts of dynamic 

processes that result in an Earth that has 

essentially more stable environmental and 

surface conditions, making it more feasible for 

life to evolve and develop.”

Source: Harvard University news release. 
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Engineering Science

New technology for retrofitting non-earthquake-resistant buildings

Researchers have found a solution for 

retrofitting old non-earthquake-resistant 

buildings with a technology that can prevent 

major damage to such buildings from 

earthquakes without compromising on their 

strength. The technology called semi-

confined unreinforced brick masonry (SC-

URBM) can resolve the problem of spread of 

settlements in earthquake-prone areas with 

constructions that have been built without 

following earthquake-preventive building 

codes.  Just like in most developing countries 

located in earthquake-prone regions unrein-

forced brick masonry (URBM) has been a 

common practice in urban, semi-urban, and 

rural areas of India. Considering that major 

parts of India are under seismic zone III or 

above and most of the URBM buildings are 

old and structurally deficient, strengthening of 

URBM buildings located in earthquake-

prone areas is extremely important. Resea-

rchers from Indian Institute of Techn-ology, 

Kanpur, have explored the extent to which 

retrofitting old buildings with SC-URBM 

technology can solve the problem. They found 

that SC-URBM can significantly enhance the 

energy dissipation capacity and ductility of 

the retrofitted building without compro-

mising its strength. Hence such buildings 

would have resulting superior performance in 

comparison to URBM buildings during 

earthquakes. The idea of the technology 

emerged from confined masonry, an 

earthquake-resistant construction system 

where the masonry walls are built first, and 

the concrete columns and beams are poured in 

afterward to enclose (confine) the wall. SC-

URBM technology has a similar concept but 

does not need to be implemented at the 

construction stage. It involves embedding of 

reinforced concrete (RC) bands through the 

partial thickness of the wall and can be 

implemented or retrofitted in old buildings.  

The researchers, Lakshmi Latha, Samit Ray-

Chaudhuri, Suparno Mukhopadhyay, and 

Kunwar Bajpai, conducted experiments on two 

identical full-scale single-story brick masonry 

buildings -- a completely unreinforced 

(URBM), and the other retrofitted with 

semiconfining horizontal and vertical 

reinforced concrete (RC) elements (SC-

URBM). The two buildings were subjected to a 

test called reverse slow-cyclic quasi-static 

loading protocol to quantify the improved 

seismic performance of the SC-URBM 

building compared to the URBM building. A 

Pseudo Dynamic Testing Facility (PDTF) for 

affordable experimental evaluation of 

earthquake resistance of full prototype 

structural systems developed with the guidance 

of Professor Durgesh C Rai. They proved that 

the technology provides better integral action 

of the confining elements and load-bearing 

walls to achieve enhanced seismic perfo-

rmance. The results were published in the 

ASCE Journal of Structural Engineering.

Source: PIB

Engineering Science
Physicists probe 'astonishing' morphing properties of honeycomb-like 

material

A series of buzzing, bee-like “loop-currents” 

could explain a recently discovered, never-

before-seen phenomenon in a type of quantum 

material. The findings from researchers at CU 

Boulder may one day help engineers develop 

new kinds of devices, such as quantum sensors 

or the quantum equivalent of computer 

memory storage devices. The quantum 

material in question is known by the chemical 

formula Mn Si Te . But you could also call it 3 2 6

“honeycomb” because its manganese and 

tellurium atoms form a network of interlo-

cking octahedra that look like the cells in a 

beehive. Physicist Gang Cao and his 

colleagues at CU Boulder synthesized this 

molecular beehive in their lab in 2020, and 

they were in for a surprise: Under most 

circumstances, the material behaved a lot like 

an insulator. When they exposed the 

honeycomb to magnetic fields in a certain 

way, however, it suddenly became millions of 

times less resistant to currents. It was almost 

as if the material had morphed from rubber 

into metal. “It was both astonishing and 

puzzling,” said Cao, the corresponding author 

of the new study. “Our follow-up effort in 

pursuing a better understanding of the 

phenomena led us to even more surprising 

discoveries.”  Now, he and his colleagues 

think they can explain that astonishing 

behavior. The group, including several 

graduate students at CU Boulder, published 

its most recent results in the journal .  Nature

Drawing on experiments in Cao's lab, the 

group reports that, under certain conditions, 

the honeycomb is abuzz with tiny internal 

currents known as chiral orbital currents, or 

loop currents. Electrons zip around in loops 

within each of the octahedra in this quantum 

material. Cao said they could be capable of 

driving startling transformations in quantum 

materials like the one he and his team stumbled 

on. “We've discovered a new quantum state of 

matter,” Cao said. “Its quantum transition is 

almost like ice melting into water.” The 

researchers hit on the idea of loop currents. 

According to the team's theory, countless 

electrons circulate around inside their 

honeycombs at all times, tracing the edges of 

each octahedron. In the absence of a magnetic 

field, those loop currents tend to stay 

disorderly, or flow in both clockwise and 

counterclockwise patterns.  That disorder can 

cause “traffic jams” for electrons traveling in 

the material, Cao said, increasing the 

resistance and making the honeycomb an 

insulator.  

Source: CU Boulde news release. 
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Photonics

A new device for early diagnosis of degenerative eye disorders
Research into treatments to stop or limit the 

progression of degenerative eye disorders that 

can lead to blindness is moving ahead apace. 

But, at present, there is no device that can 

reliably diagnose these conditions before the 

first symptoms appear. These disorders, the 

best-known of which is age-related macular 

degeneration (AMD), involve changes to the 

eye's photoreceptors. And they all have the 

same root cause: the deterioration of the 

retinal pigmentary epithelium (RPE), a layer 

of cells that sits behind the photoreceptors. 

The device developed at EPFL's Laboratory 

of Applied Photonics Devices (LAPD) 

observes changes in the RPE before the onset 

of symptoms, providing researchers with the 

first-ever in vivo images in which cells can be 

differentiated. Armed with this early detection 

capability, clinicians will be able to diagnose 

these disorders before irreversible symptoms 

occur. The results of the first clinical trial have 

been published in a paper in the journal 

Ophthalmology Science. Several research 

groups have studied RPE cells under the 

microscope – in vitro – to determine their 

properties and to observe the morphological 

changes that occur with aging but also with 

the onset and progression of retinal disorders 

such as AMD and retinitis pigmentosa. Until 

now, however, there has been no simple and 

reliable method for observing the RPE in a 

live patient – in vivo – for early detection and 

ongoing monitoring of these conditions. The 

researchers developed a clinical prototype in 

partnership with EarlySight, a spin-off from 

the same EPFL lab. With an exposure time of 

less than five seconds – a key speed advantage 

for potential diagnostic use – the camera is 

capable of capturing 100 raw images. 

Algorithms then align and aggregate the raw 

footage to produce a single, high-quality image 

on screen. The interface features five buttons, 

each corresponding to a predefined area of the 

eye, allowing the desired image to be selected. 

Users can also click anywhere on the diagram 

of the back of the eye to select the precise area 

they want to image. “The morphology of RPE 

cells, which play an essential role in retinal 

function, is a strong indicator of their health,” 

says Laura Kowalczuk, a scientist at EPFL and 

at Jules-Gonin Eye Hospital, and the paper's 

lead author. “The ability to precisely detect 

RPE cells and observe morphological changes 

occurring in them is vital to the early detection 

of degenerative retinal disorders and to 

monitoring the efficacy of new treatments.”

Source: EPFL news release. Author:  Cécilia 

Carron

Physics

Physicists use 'electron correlations' to control topological materials
For the first time, U.S. and European 

physicists have found a way to switch the 

topological state of a quantum material on and 

off. Because they are extremely stable and 

have immutable features that cannot be erased 

or lost to quantum decoherence, topological 

states play an important role in materials 

research and quantum computing. In a study 

published in Nature Communications, 

researchers from Rice University, Austria's 

Vienna University of Technology (TU Wien), 

Los Alamos National Laboratory and the 

Netherlands' Radboud University described 

their method of using a magnetic field to 

activate and deactivate a topological state in a 

strongly correlated metal. “Topological 

properties are usually found in insulating 

materials with weak electron correlations,” 

said Rice study co-author Qimiao Si, a 

member of the Rice Quantum Initiative and 

director of the Rice Center for Quantum 

Materials (RCQM). “The material we study is 

metallic and is strongly correlated.” Strongly 

correlated quantum materials are those where 

the interactions of billions upon billions of 

electrons give rise to collective behaviors like 

unconventional superconductivity or elec-

trons that behave as if they have more than 

1,000 times their normal mass. Though 

physicists have studied topological materials 

for decades, they have only recently begun 

investigating topological metals that host 

strongly correlated interactions. Si, a 

theoretical physicist, has long collaborated 

with the study's corresponding author, Silke 

Bühler-Paschen at TU Wien's Institute of 

Solid State Physics. Si and Bühler-Paschen's 

research groups previously made notable 

discoveries on topological states in strongly 

correlated quantum materials. In late 2017, Si's 

theoretical group found a metallic topological 

state caused by the quintessential example of 

strong-correlation physics called the Kondo 

effect, and Bühler-Paschen's experimental 

group observed the state in a composite 

material made of cerium, bismuth and 

palladium. The two teams named the strongly 

correlated state of matter a Weyl-Kondo 

semimetal. Without electron corre-lations, it 

would be impossible to generate a magnetic 

field with enough strength to push together 

Weyl fermions of opposite chirality, Si said. 

But strong correlations in the Weyl-Kondo 

semimetal allowed Bühler-Paschen's team to 

use an external field to force the Weyl fermions 

to annihilate one another, thus switching off 

the topological state. “You can even make 

them disappear completely at a certain point,” 

Bühler-Paschen said. “So we have stable, 

robust properties that you can selectively turn 

on and off.” The switchable topological states 

could possibly be used for sensor technology, 

she said.

Source: Rice University news release
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Physics

Seeing electron movement at fastest speed ever could help unlock next-
level quantum computing

The key to maximizing traditional or quantum 

computing speeds lies in our ability to 

understand how electrons behave in solids, 

and a collaboration between the University of 

Michigan and the University of Regensburg 

captured electron movement in attos-

econds—the fastest speed yet. Seeing 

electrons move in increments of one quint-

illionth of a second could help push proce-

ssing speeds up to a billion times faster than 

what is currently possible. In addition, the 

research offers a “game-changing” tool for the 

study of many-body physics. “Your current 

computer's processor operates in gigahertz, 

that's one billionth of a second per operation,” 

said Mackillo Kira, who led the theoretical 

aspects of the study published in Nature. “In 

quantum computing, that's extremely slow 

because electrons within a computer chip 

collide trillions of times a second and each 

collision terminates the quantum computing 

cycle. 

“What we've needed, in order to push 

performance forward, are snapshots of that 

electron movement that are a billion times 

faster. And now we have it.” Rupert Huber, the 

corresponding author of the study, said the 

result's potential impact in the field of many-

body physics could surpass its computing 

impact. “Many-body interactions are the 

microscopic driving forces behind the most 

coveted properties of solids—ranging from 

optical and electronic feats to intriguing phase 

transitions—but they have been notoriously 

difficult to access,” said Huber, who led the 

experiment. “Our solid-state attoclock could 

become a real game changer, allowing us to 

design novel quantum materials with more 

precisely tailored properties and help develop 

new materials platforms for future quantum 

information technology.” U-M engineers and 

partners employ two light pulses with energy 

scales that match that of those movable 

semiconductor electrons. The first, a pulse of 

infrared light, puts the electrons into a state 

that allows them to travel through the material. 

The second, a lower-energy terahertz pulse, 

then forces those electrons into controlled 

head-on collision trajectories. The crashes 

produce bursts of light, the precise timing of 

which reveals interactions behind quantum 

information and exotic quantum materials 

alike. “No one has been able to build a scalable 

and fault-tolerant quantum computer so far 

and we don't even know what that would look 

like,” said study co-first author Markus 

Borsch, U-M doctoral student in electrical and 

computer engineering. “But basic research 

like studying how electronic motion in solids 

works on the most fundamental levels might 

give us an idea that leads us in the right 

direction.”

Source: University of Michigan news release

Robotics

Chemistry flexes robotic arm without electronics
Organisms, from bacteria to human beings, 

have autonomy in large part because of 

locomotion — the conversion of stored energy 

into slowly repeating electrical and mech-

anical signals that allow organisms to move 

around. Now, a team led by Northwestern 

University and the Massachusetts Institute of 

Technology (MIT) has discovered a way to 

create slow movements using just chemistry 

and applied it to microrobotics. With the 

discovery also comes a new understanding of 

thermodynamics in which asymmetry and 

difference benefits a system. “There are 

currently no methods for generating slow 

oscillations in microrobots,” said Thomas A. 

Berrueta, co-first author and a Ph.D. candidate 

in the Center for Robotics and Biosystems at 

Northwestern. “To do so using electronic 

devices would require much more compu-

tation than is feasible at these scales.” The 

findings will be published Oct. 6 in the journal 

Nature Communications. Berrueta's co-first 

author, Jing Fan Yang, is a graduate student at 

MIT. To conduct the study, the engineers first 

created an osci l lator  formed by the 

interactions of a pair of active microparticles 

that rested on top of a drop of hydrogen 

peroxide. To the team's surprise, the more 

particles that were introduced, the more stable 

the movement became — but only when the 

particles had very different levels of chemical 

reactivity. To understand this “asymmetry-

induced order,” the team developed a new 

theory of thermodynamics that explains the 

emergence of such behaviors in their system 

and many others. “Our idea stemmed from the 

thought that design principles that allow us to 

make reliable machinery at large scales may 

not actually apply at the scales we're working 

at,” Berrueta said. “Think about biology, 

where we know the molecular machinery of 

cells is very robust despite being messy and 

imprecise.” Precision engineering, a strategy 

involving the design of extremely accurate 

machinery, is the predominant technique 

throughout many fields of engineering. But 

Berrueta, inspired by the research of Adilson 

Motter, a professor of physics and astronomy 

at the Northwestern Weinberg College of Arts 

and Sciences who studies asymmetry in 

networks and complex systems, thought he 

could try a different strategy. After their 

discovery that asymmetry also can be 

beneficial to creating spontaneous orderly 

movements, the team put their theory to the test 

using a tiny robotic arm. By introducing a more 

reactive particle (thereby breaking symmetry) 

and adding more standard particles, the 

researchers found they could create consistent, 

cyclical movement in a microrobotic arm.

Source: Northwestern University news 

release.
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Robotics

The burrowing mole crab robot with real-world applications

In a study published in Frontiers in Robotics 

& A I ,  Hannah Stuar t  and  her  team 

demonstrated one of the first legged robots 

that can self-burrow vertically. This digging 

robot, called EMBUR (EMerita BUrrowing 

Robot), uses a novel leg design to achieve 

downward motion that emulates the way 

Pacific mole crabs bury themselves in beach 

sand. Mole crabs make burrowing look easy, 

but, according to Laura Treers, the study's lead 

author, it is difficult to move downward 

through granular media, like sand and soil. 

The deeper an animal digs, the harder the 

grains push back, impeding excavation. To 

overcome this challenge and create a vertical-

legged burrower, the researchers designed the 

legs of the robot to have an anisotropic force 

response, which means that they experience 

much greater force in one direction than 

another. Like a swimmer, the soft fabric legs 

of this robot expand for large forces during the 

power stroke, but fold and retract during the 

return stroke. “We created a cuticle, which is 

analogous to the arthrodial membrane found 

on the mole crabs,” said Treers. “It's a soft, 

flexible material that lines the openings of 

joints to prevent grains from getting inside but 

still allows free movement.” Treers points out 

that, while robots have mastered such settings 

as land, space and sea, they have not made 

significant inroads underground. Very few 

robots, for example, can self-burrow under 

their own weight like EMBUR. Robots 

capable of exploring subterranean settings 

could be used in a variety of industries and 

fields of study. EMBUR may also further our 

scientific understanding of other burrowing 

animals, which are difficult to observe and 

study underground. “Robophysical models, or 

robotic prototypes like EMBUR, can be tools 

to help biologists better understand the 

biomechanics of these animals,” said Treers. 

The researchers used physics models to 

estimate the forces on the legs, in order to help 

guide them in the robotic implementation. “We 

used a modeling technique known as Resistive 

Force Theory [RFT] to model the forces 

experienced by the legs throughout their 

sweeping trajectories,” said Treers. “RFT 

helped us understand the kinds of robot 

geometries and behaviors that would allow for 

the most successful burrowing.” Through 

EMBUR, the Berkeley researchers showed 

that vertical-legged burrowing is possible in 

dry media under the right conditions. They 

consider this a first step toward creating a 

system that can burrow under a wider range of 

conditions and types of substrates, like on a 

real beach.

Source: University of California Berkeley 

news release. 

Robotics

With morphing limbs, a robot that travels by land and water

Imagine being able to morph your legs into 

flippers before you jump in the water. Yale 

researchers have created a robot that 

accomplishes this feat through a process they 

dubbed “adaptive morphogenesis.” The 

project is described in the Oct. 12 edition of 

Nature and is featured on the issue's cover. The 

robot, ART (Amphibious Robotic Turtle), 

takes inspiration from water and land turtles, a 

group whose fossil record spans over 110 

million years. Terrestrial and aquatic turtles “

share similar bodies, with four limbs and a 

shell, but have distinctive limb shapes and 

gaits adapted for their specific environment,” 

said Rebecca Kramer-Bottiglio, the John J. 

Lee Associate Professor of Mechanical 

Engineering & Materials Science and 

principal investigator of the study. “Sea turtles 

have elongated flippers for swimming, 

whereas land turtles and tortoises have 

rounded legs for load bearing while walking.” 

The robot features morphing limbs that can 

adapt their shape, stiffness, and behavior to the 

environment. The limbs use variable stiffness 

materials and artificial muscles to transform 

their shape when transitioning from one 

environment to another. In its legged state, 

ART can traverse land with a variety of four-

legged terrestrial gaits. Upon reaching a body 

of water, ART can then morph its legs into 

flippers, enabling it to swim with lift- and 

drag-based aquatic gaits. You can almost “

think of [adaptive morphogenesis] as a form 

of evolution on demand,” wrote Karl 

Ziemelis, chief physical sciences editor for 

Nature. The robot differs from other 

amphibious robots by leveraging shape 

adaptation to use the same parts for propulsion 

in both water and land environments. Other 

approaches  add mul t ip le  propuls ive 

mechanisms to the same robot, using a 

different one in each environment, which can 

lead to energy inefficiencies. “Our results 

show that adaptive morphogenesis can 

enhance the efficiency of robots that locomote 

through multiple environments,” said Kramer-

Bottiglio. So what do you do with a turtle- and 

tortoise-inspired amphibious robot? Potential 

appl icat ions are  numerous.  Kramer-

Bottiglio's lab has focused on applications that 

include the monitoring of ecosystems along 

shorelines, diver support, and ocean farming. 

The robot will also help researchers to study 

the physics of locomotion in the complex surf 

zone — where waves, currents, and turbidity 

make it particularly tricky for robotic devices 

to navigate — and other environmental 

transition zones.

Source: Cornell University news release. 
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