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National portal for biotech researchers and start-ups

In keeping with the spirit of "One Nation,One Portal", Union Minister 
Dr Jitendra Singh launched Single National Portal for Biotech 
researchers and Start-ups.

The Portal "BioRRAP" will cater to all those seeking regulatory 
approval for biological research & development activity in the country 
and thus offer a huge relief for "Ease of Science as well as Ease of 
Business.

Speaking after the launch of Biological Research Regulatory Approval 
Portal (BioRRAP), Dr Jitendra Singh said, India is poised to become a 
Global Bio-manufacturing Hub and will figure among the top 5 
countries of the world by 2025.

Dr Jitendra Singh said, the Portal will also allow stakeholders to see the 
approvals accorded against a particular application through a unique 
BioRRAP ID. He described this unique portal of DBT as a step towards 
Ease of Doing Science and Scientific research and Ease of Start-ups in 
India. The Minister said, Biotechnology has fast emerged as an 
academic and livelihood avenue for youngsters in India. He also pointed 
out that there are over 2,700 biotech start-ups and more than 2,500 
biotech companies working at present in the country.

Describing the launch of Portal as whole of Govt approach in tune with 
Prime Minister Modi's vision, Dr Jitendra Singh said, this portal will 
strengthen interdepartmental synergies and bring accountability, 
transparency and efficacy in functioning of agencies regulating various 
aspect of biological research and issuing permission. Congratulating the 
Department of Biotechnology for launching of BioRRAP portal, the 
minister suggested that the Department should endeavour to evolve 
further mechanisms to make the procedures simpler and effective.

Dr Jitendra Singh pointed out that other than biotechnology, biological 
work related to biodiversity, latest methods of conservation and 
protection of flora and fauna, forest and wildlife, bio-survey and bio-
utilization of biological resources are also gaining momentum in India 
due to effect of climate change on them. He added that research in the 
various biological fields is continuously expanding its vista in India 
supported by the grants from various public and private sector. Many of 
these research falls under the purview of one or more regulatory 
agencies which first approve the research proposal after which 
researcher undertakes that specific research.

The Minister further added that at present there is no mechanism to track 
the requisite regulatory approval for a research proposal on a single 
portal and therefore, to provide more credibility and recognition to such 
biological research, Government of India has developed a web system 
under which each research, requiring regulatory oversight, will be 
identified by a unique ID called “BioRRAP ID”. He said, the portal will 
serve as a gateway and will help researcher to see stage of approval of 
their applications for regulatory clearances and to see preliminary 
information on all the research work being undertaken by the particular 
researcher and/or organization.

Dr Jitendra Singh directed the DBT officials for wider publicity of this 
unique National Portal and asked them to make short duration films 
capturing all the nuances of the registration and regulatory approval 
through the portal.

Coming back to India emerging as a Global Bio-manufacturing Hub, Dr 
Jitendra Singh informed that India is among the top 12 destinations for 

biotechnology globally and 3rd largest biotechnology destination in the 
Asia Pacific region. The Minister said that by 2025, the contribution of 
the Indian biotechnology industry in the global biotechnology market is 
expected to grow to 19% from a mere 3% in 2017. He also added that 
the Bio Economy's contribution to the national GDP has also grown 
steadily in the past years to 2.7% in 2020 from 1.7% in 2017 and will 
touch new heights after 25 years of Bio-economy journey in the 
Centenary year of 2047.

Referring to COVID pandemic, Dr Jitendra Singh lauded the strength 
of Indian Scientific organization and enterprises and said that our 
institutions have come out with various vaccines, diagnostics and other 

tools which helped us to fight with Covid 19 situations. Further, our 
regulators be it Department of Biotechnology, Indian Council of 
Medical Research or Central Drugs Standard Control Organization 
worked tirelessly to streamline the regulatory processes and reducing 
the timelines for approvals, the Minister added.

The Minister underlined that during pandemic, it was observed that 
there is need to link the applications submitted to various regulatory 
agencies for approval so as status of application may be seen at one 
place. Further, it was also felt that as a country we should have 
repository of the research works being undertaken by our researchers 
working in public and private sector. This will not only help us in 
understanding our scientific strength and expertise but also in 
formulation of enabling policies to garner the fruits of scientific 
research.

In his address, Secretary, Department of Biotechnology, Dr Rajesh S 
Gokhale said that BioRRAP has been developed that generates 
BioRRAP ID for all the research applications submitted on this portal 
and using this BioRRAP Id, further submission process to respective 
regulatory agencies has to be initiated based on the research 
application. He said, this portal is dedicated only for research related 
activities and not for product development.

Source: PIB

The Portal will cater to all those seeking regulatory approval required for biological research and 

development activity in the country.
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AI to make roads in India safer to drive

Artificial Intelligence (AI) powered solutions may soon make roads in 
India a safer place to drive. A unique AI approach that uses the predictive 
power of AI to identify risks on the road, and a collision alert system to 
communicate timely alerts to drivers, to make several improvements 
related to road safety, is being implemented in Nagpur City with an 
objective of resulting in a significant reduction of accidents.

The project 'Intelligent Solutions for Road Safety through Technology 
and Engineering' (iRASTE) at Nagpur will identify potential accident-
causing scenarios while driving a vehicle and alert drivers about the 
same with the help of the Advance Driver Assistance System (ADAS). 
The project will also identify 'greyspots', i.e., by data analysis and 
mobility analysis by continuously monitoring dynamic risks on the 
entire road network. Greyspots are locations on roads, which left 
unaddressed could become blackspots (locations with fatal accidents). 
The system also conducts continuous monitoring of roads and designs 
engineering fixes to correct existing road blackspots for preventive 
maintenance and improved road infrastructure.

The iRASTE project is under by the I-Hub Foundation, IIIT Hyderabad, 
a Technology Innovation Hub (TIH) set up in the technology vertical- 
Data Banks & Data Services supported by the Department of Science 
and Technology (DST) under its National Mission on Interdisciplinary 
Cyber Physical Systems (NM-ICPS) along with INAI (Applied AI 
Research Institute). The project consortium includes CSIR-CRRI, and 
Nagpur Municipal Corporation, with Mahindra and Intel as the industry 
partners.

The Hub is working to coordinate, integrate, and amplify basic and 
applied research in broad data-driven technologies as well as its 
dissemination and translation across the country. One of the primary 
aims is to prepare a critical resource for the future use by researchers, 
startups, and industry, mainly in the areas of smart mobility, healthcare 
along with smart buildings.

What makes the iRASTE project even more unique is that AI and 
technology is being applied to create practical solutions, as a blueprint, 
for  Indian conditions. While the initial rollout of iRASTE is in Nagpur, 
the eventual goal is to replicate the solution in other cities too. Currently, 
talks are on with the Telangana government to adopt the technology in a 
fleet of buses that ply on highways. There are further plans to extend the 
scope of iRASTE to Goa and Gujarat also.

I-Hub Foundation has also used techniques ranging from machine 
learning, computer vision and computational sensing for several other 
data-driven technological solutions in the mobility sector. One such 

solution is the India Driving Dataset (IDD), a dataset for road scene 
understanding in unstructured environments captured from Indian 
roads, which stands out by deviating from the worldwide assumptions 
of well-delineated infrastructure such as lanes, limited traffic 
participants, low variation in object or background appearance and 
strong adherence to traffic rules.

The dataset, a first of its kind, consists of 10,000 images, finely 
annotated with 34 classes collected from 182 drive sequences on Indian 
roads obtained from a front-facing camera attached to a car driven 
around Hyderabad, Bangalore, and their outskirts. The dataset is 
released in the public domain for unrestricted use under public license 
and is becoming a defacto dataset for all analysis on Indian road scenes. 
Currently, there are over 5000 registered users for this dataset across the 
world.

Another dataset called Open World Object Detection on Road Scenes 
(ORDER) has also been developed using the India Driving Dataset that 
could be used by autonomous navigation systems in Indian driving 
conditions for localization and classification of the objects in a road 
scene. Besides this, a Mobility Car Data Platform (MCDP) has been 
designed with several sensors – cameras, LIDARs, with necessary 
compute for anyone to capture or process data on the car that can help 
researchers and start-ups in India test their automotive algorithms and 
approaches in navigation and research on Indian roads.

LaneRoadNet (LRNet), a new framework with an integrated 
mechanism considering lane and road parameters using deep learning, 
has been designed to address problems of Indian roads, which have 
several obstacles, occluded lane markings, broken dividers, cracks, 
potholes, etc. that put the drivers at significant risk while driving. In this 
framework, a road quality score is calculated with the help of a modular 
scoring function. The final score helps the authorities to assess road 
quality and prioritize maintenance schedules of the road so as to 
improve the drivability.

In order to help local self-government institutions, employ suitable 
rejuvenation methods in tree starved streets, I-Hub Foundation 
designed a framework for street tree detection, counting and 
visualization that uses object detectors and a matching counting 
algorithm. The work has paved way for a quick, accurate, and 
inexpensive way to recognize tree-starved streets.

Source: PIB

The project 'Intelligent Solutions for Road Safety through Technology and Engineering' (iRASTE) at 

Nagpur will identify potential accident-causing scenarios while driving a vehicle and alert drivers. 
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DBT and Bill & Melinda Gates Foundation renew MoU

The Department of Biotechnology (DBT) and the Bill & Melinda Gates 

Foundation have renewed the Memorandum of Understanding (MoU), 

originally signed in 2012, to support innovative approaches for 

developing new preventions, therapies and interventions needed to 

solve health (human and animal), food and nutritional inequities on 7th 

June 2022 in New Delhi.

DBT and the Gates Foundation had previously signed a Memorandum 

of Understanding (MoU) on cooperation in the field of health and 

development issues on July 18, 2012, for five years, which was further 
threnewed for 5 years till 17  July, 2022. Under this joint partnership, in 

the last 10 years, programs in diverse areas under maternal and child 

health, nutrition, sanitation, infectious disease, data science approaches 

have been undertaken. The program has also brought together and 

leveraged the best of the nation's researchers and innovators with 

international best-practices to address some of the grand challenges that 

society faces.

Through the renewed MoU, the partnership will articulate and 

implement new strategic direction and to continue awarding and 

administering a suite of programs in the larger field of public health, 

tailored to fulfill the strategic needs and requirements of the country and 

then the rest of the world.

Present on the occasion also was Mark Suzman, CEO, Bill & Melinda 

Gates Foundation. He said, “The Gates Foundation values our 

longstanding relationship with the Indian government's Department of 

Biotechnology, and we are honored to continue to support the ministry's 

efforts to promote innovative research and enhance domestic 

biotechnology capacity in India. India's health and agricultural systems 

are already strong, but together we can make them even more resilient. I 

am excited about the potential of this collaboration to address health and 

food inequities in India and around the world.” 

The renewed MoU the partnership pledged a combined USD 50 million 

investment to the joint initiative, to continue to explore and expand 

funding arenas and mechanisms to support innovators, focused on 

early-mid stage research and product development to tackle health and 

developmental issues.

Dr. Rajesh S. Gokhale, Secretary, Department of Biotechnology, 

Ministry of Science and Technology, Govt. of India stated “Such 

partnerships bring together the best and the brightest by sharing and 

leveraging each partners strength and resources. The Grand 

Challenges India partnership exemplifies this, where the partners focus 

on identifying and funding affordable and innovative solutions to 

public health challenges not only within India but also for the 

developing world. The Covid-19 pandemic has demonstrated what can 

be achieved with the concerted efforts of Government and Private 

Sector. The GCI partnership will look to further unleashing this new 

power, resilience and capabilities in Indian innovation ecosystem in 

alignment with the goals of the Government of India priorities in health 

innovation and science and technology.”

The event also saw announcement of the latest open call for funding on 

Diagnostics for Neglected Tropical Disease (NTD)- Lymphatic 

Filariasis (LF). The call focuses on developing point-of-care, novel 

cost-effective diagnostics for lymphatic filariasis for use in national 

Lymphatic Filariasis elimination programs. The goal of this challenge 

is to have a reasonably inexpensive, durable and accurate point of care 

testing method(s) that can be used in developing/remote geographies. 

Successful diagnostics/novel approaches set through this call would 

then be supported for further validation and development to understand 

that they would be used in public programmes for LF elimination.

Source: PIB

The partnership supports innovative approaches for developing new preventions, therapies and interventions 

needed to solve health (human and animal), food and nutritional inequities. 
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First grassroots innovation-based standards formulated by Bureau of 
Indian Standards (BIS)

The first official standard for a grassroots innovation has been set up for 

clay cooling cabinet Mitticool developed by Shri Mansukh Bhai 

Prajapati, from Wankaner, in Gujarat. The standard set up by the Bureau 

of India Standards is necessary after a particular stage for scaling up and 

entering the cross-border markets.  

National Innovation Foundation (NIF) – India, an autonomous body of 

the Department of Science and Technology (DST), Government of 

India, put forward this idea at the Innovations Scholars In-residence 

Programme held at Rashtrapati Bhawan. BIS took cognizance of this 

innovative technology and subsequently engaged with NIF to develop a 

new Indian Standard -- IS 17693: 2022 'Non-electric cooling cabinet 

made of clay'.

The  is the IS 17693: 2022 Non-electric Cooling Cabinet Made of Clay

first standard rooted in a grassroots innovation - 'Mitticool Refrigerator'. 

The standard specifies the construction and performance requirements 

of a cooling cabinet of the natural refrigerator made out of clay which 

operates on the principle of evaporative cooling. These cabinets may be 

used to store perishable foodstuff without the need of electricity. It 

provides a natural coldness to foodstuffs so that they remain fresh 

without deteriorating their quality.

The standard helps in the endeavour of BIS to fulfil 6 of out 17 United 

Nations Sustainable Development Goals (SDGs), namely 1 (No 

poverty), 2 (Zero hunger), 5 (Gender equality), 7 (Affordable and clean 

energy), 9 (Industry, innovation, and infrastructure), and 12 

(Responsible consumption and production).

The standard can help grassroots innovations march hand-in-hand with 

innovations in the formal sector. Some benefits that are expected to 

accrue to the innovation are – facilitation of trade and commerce, 

improvement of processes and making them more efficient, guidance in 

consistent functioning and quality, simplifying comparison of products 

and services, promoting further technological developments and so on.

The impact of the 'Mitticool Refrigerator'has already been exponential, 

and it is poised to grow by attaining this significant milestone of setting 

standards. It is already playing a lead role in reviving the pottery 

culture, tradition, and heritage; connecting people back to roots in 

better, healthier ways; promoting sustainable consumption; 

economically empowering the indigent community; working towards 

green and cool earth, economic development and employment 

generation; and contributing towards rural women upliftment and 

making them financially independent. These achievements will receive 

a boost with the new standard.

Source: PIB

The standard can help grassroots innovations march hand-in-hand with innovations in the formal sector.
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First image of black hole at the 
centre of our galaxy

 

A
multi-institution collaboration that includes a Caltech-led 

imaging team has generated the first image of the 

supermassive black hole at the center of the Milky Way galaxy.

This result provides conclusive evidence that the body, known as 

Sagittarius A* (Sgr A*, pronounced "sadge-ay-star"), is indeed a black 

hole and yields valuable clues about the workings of such massive 

objects, which are thought to reside at the center of most galaxies.

The Sgr A* image was produced by an international research team, 

called the Event Horizon Telescope (EHT) Collaboration, consisting of 

more than 300 researchers from 80 institutions around the world. The 

result includes key contributions from an imaging team led by Caltech's 

Katherine L. (Katie) Bouman together with Kazunori Akiyama of MIT 

Haystack Observatory and José L. Gómez of Instituto de Astrofísica de 

Andalucía in Spain.

Joining Bouman, who is an assistant professor of computing and 

mathematical sciences, electrical engineering and astronomy; a 

Rosenberg Scholar; and an investigator at the Heritage Medical 

Research Institute, were former Caltech postdoctoral researcher He 

Sun and current Caltech postdoctoral researchers Aviad Levis and 

Junhan Kim.

So far, the most convincing evidence that Sgr A* is a supermassive 

black hole has been provided by Caltech alumna Andrea Ghez (MS '89, 

PhD '92) of the University of California, Los Angeles, and Reinhard 

Genzel of the Max Planck Institute for Extraterrestrial Physics in 

Germany and University of California, Berkeley, whose work revealed 

that Sgr A* is a compact object that has a mass nearly four million times 

that of the sun. The discovery earned Ghez and Genzel—together with 

Roger Penrose of the University of Oxford for related advances in the 

understanding of black holes—the 2020 Nobel Prize in Physics.

This is the first-ever image of Sagittarius A* (or Sgr A* for short), the supermassive black hole at the center of our Milky Way galaxy. It is the 

first direct visual evidence of the presence of this black hole and was captured by the Event Horizon Telescope (EHT), an array that linked 

together eight radio observatories across the planet to form a single "Earth-sized" virtual telescope. The telescope is named after the "event 

horizon," the boundary of the black hole beyond which no light can escape. Although we cannot see the event horizon itself, glowing gas orbiting 

around the black hole reveals a telltale signature: a dark central region, called a "shadow," surrounded by a bright ring-like structure. The new 

view captures light bent by the powerful gravity of the black hole, which is four million times more massive than our sun. The image of the Sgr A* 

black hole is an average of different images extracted from the EHT's 2017 observations.Credit: EHT Collaboration
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First image of black hole at the centre of our galaxy

The new EHT image of Sgr A* shows that the 4 million solar masses are 

constrained within a diameter smaller than Mercury's orbit, providing 

clearer evidence that the object is indeed a black hole.

This is the second-ever image taken of a black hole; in 2019, the EHT 

collaboration released an image of a black hole named M87*, at the 

center of the more distant Messier 87 galaxy.

Taking an image of Sgr A* at 27,000 light-years away from Earth is akin 

to taking a photo of a single grain of salt in New York City using a 

camera in Los Angeles. Taking an image of an object that appears that 

small requires an Earth-sized telescope—or data from many telescopes 

tiled evenly across the entire Earth. Since the EHT was not able to 

accomplish this impossible feat, it instead collected data from eight 

radio observatories scattered across the globe to form a single "Earth-

sized" virtual telescope.

"This image from the Event Horizon Telescope required more than just 

snapping a picture from telescopes on high mountaintops. It is the 

product of both technically challenging telescope observations and 

innovative computational algorithms," Bouman said at a press 

conference announcing the new image. "Taking this picture of our black 

hole proved even more challenging than imaging the M87 black hole." 

While working on the M87 image, Bouman joined Caltech's faculty. 

She arrived on campus in 2019, shortly after the image's publication.

Imaging A Black Hole

Although we cannot see the black hole itself because it is completely 

dark, we can see a telltale ring of glowing gas surrounding a dark central 

region called a "shadow." The size of the shadow observed, which 

theory says depends primarily on the black hole mass, precisely 

matched the mass estimated by prior observations. The new view 

captures light bent by the powerful gravity of the black hole, which is 

four million times more massive than our sun.

The team collected entire nights' worth of data over the course of 

multiple days -- a bit like a traditional camera with a long exposure time. 

Members of the EHT went to the ends of the earth, literally, to collect 

these measurements; Caltech's Kim, for example, helped prepare a 

telescope near the South Pole to observe with the EHT.

Because the data came from only a small number of telescopes peering 

at an object far away, the EHT team was left with incomplete data to use 

to construct the image of Sgr A*. That sparse and noisy data creates 

uncertainty, meaning that more than one image that could explain the 

data EHT gathered. And to make imaging the black hole even more 

challenging, Sgr A* is far more dynamic than M87*, with a bright ring 

of swirling gases that changes on a minute-by-minute basis. "With 

EHT, we're using telescopes scattered across the globe, each capturing 

data from the target at various points during the night as the earth 

rotates," Levis says. "When the target we are observing changes during 

that time—as it did for Sgr A*—it makes the problem much more 

complicated."

To reconstruct an image, the EHT team developed computational 

imaging algorithms capable of making inferences to fill in the blanks in 

the data that had been gathered. The team discovered that multiple ring 

geometries could explain the Sgr A* data, as well as some geometries 

that do not look ring-like at all. To better understand how the imaging 

algorithms worked on data from an evolving target, Levis built a 

synthetic model of variable structure (akin to water swirling around a 

drain) that was based on statistics taken from the real data about Sgr A* 

that EHT had gathered. The model was then used to exhaustively test 

EHT's imaging methods and identify the best settings to recover an 

accurate image.

"Through literally years of exhaustive tests on both real and synthetic 

data we are now confident that there is compelling evidence that the true 

underlying source has a ring structure," Bouman says.

Although non-ring geometries cannot be fully discarded, the statistical 

analysis performed by the team suggests that they are very unlikely -- 

the EHT results provide compelling evidence that the Sgr A* image is 

dominated by a bright emission ring about 50 microarcseconds in 

diameter, Bouman says.

After determining that Sgr A*'s image geometry is likely a ring, the 

EHT used a number of cutting-edge tools to estimate the uncertainty in 

the recovered structure. Former postdoc Sun, now starting a faculty 

position at Peking University, used a deep-learning method developed at 

Caltech to analyze the data and quantify various aspects of the black 

hole, including its diameter and the amount of asymmetry in the ring of 

bright gas surrounding it.

"We not only recovered an image of Sgr A*, but also characterized the 

uncertainty of features in the image," says Sun. "This analysis helped the 

team deliver scientific results with some guarantees."

Next Steps

The next step in future work is to make a movie of the black hole, 

showing it as it changes over time, which could yield insight into the 

way gas behaves as it swirls around a black hole, and would also help 

estimate the spin of the black hole itself. (Static images give an estimate 

of the mass, but if scientists know both the mass and the spin of the black 

hole they can better test Einstein's theory of general relativity and the 

theory that a black hole's spin and mass should fully describe how it 

affects its environment.)

In October, EHT member Antonio Fuentes, currently at Instituto de 

Astrofísica de Andalucía-CSIC in Spain, will join Caltech as a 

postdoctoral researcher. Fuentes and Bouman are currently developing 

methods that will allow them to piece together snapshots of Sgr A* to 

form a movie by imposing frame-to-frame continuity.

That work has already begun to yield results: By running these methods 

on 100-minute chunks of the Sgr A* data from April 6 and 7 of 2017, the 

researchers were able to create a number of different movies that could 

possibly fit the observed data. This analysis revealed that, although Sgr 

A* appeared fairly static on April 6 during these 100 minutes, during the 

same time period on April 7 it showed possible signs of significant 

evolution. However, while the EHT data shows detectable signs of 

image variability, the current data does not reliably constrain the 

underlying image evolution.

"This analysis provides a promising starting point for future studies of 

evolution seen in Sgr A* EHT observations when we have the 

opportunity to observe with more telescopes," Bouman says.

Source: Caltech news release. Author: Robert Perkins
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Parker Solar Probe makes 12th 
encounter with sun

N
early four years after launch, the Parker Solar Probe mission, 

managed for NASA by the Johns Hopkins Applied Physics 

Laboratory, has made unprecedented and significant inroads 

toward achieving its goals of tracing the flow of energy that heats the 

sun's outer atmosphere, shedding light on the sources of the solar wind, 

and exploring how solar energetic particles are transported and 

accelerated—enough so that NASA already considers the mission, only 

halfway through, a success.

But with its 12th close approach to the sun set to take place today, Parker 

Solar Probe continues to break records and capture first-of-its-kind 

measurements of the sun.

"Parker Solar Probe set out to revolutionize our knowledge of the sun in 

a way that no other mission had ever attempted," said Nour Raouafi, 

Parker Solar Probe project scientist from APL. "We have already made 

breakthrough discoveries in a region of the solar system that has never 

been explored by a spacecraft, and the best still might be yet to come."

Below are some interesting facts about NASA's historic mission to 

touch the sun.

Parker Solar Probe was the first NASA mission named for a living 

person

In honor of Eugene N. Parker, eminent physicist who first predicted the 

solar wind, NASA announced in May 2017 that it would rename the 

Solar Probe Plus mission to Parker Solar Probe. Parker witnessed the 

spacecraft's launch in person and delighted in the discoveries made in 

the mission's few years. He died on March 15, 2022, at age 94, but as 

Raouafi said at the time, "Gene Parker has been a transformative figure 

in heliophysics and space research and will continue to live with us 

through his pioneering research."

The APL-built spacecraft carries revolutionary technology

The "solar probe" mission was conceived in 1958, but it took 60 years to 

develop the technology to make it happen. Designed, built, and now 

operated at APL, Parker Solar Probe is fortified to survive the scorching 

environs near a star—this includes a heat shield (known as the thermal 

NASA/Johns Hopkins APL/Ben Smith
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Parker Solar Probe makes 12th encounter with sun

protection system), autonomous onboard "smarts" to keep that shield 

facing the sun, and a novel, efficient cooling system that uses 

circulating water.

"Parker Solar Probe has exceeded expectations, performing much 

better in space and resulting in even greater science return than we 

anticipated. Less power degradation, better downlink rates, and 

temperatures below our prelaunch models all contributed to more 

flexible operations and made possible greatly enhanced returns," said 

Susan Ensor, the mission's deputy project manager from APL. "Our 

plan before launch was to gather science data only when the spacecraft 

was within 0.25 astronomical units—about 23 million miles—of the 

sun's center. But since launch, we have been able to keep instruments on 

for more than 75% of Parker's orbit around the sun, about eight times 

longer than expected."

For the probe's first few close encounters with the sun, the mission 

operations team anxiously awaited the arrival of "green" beacon tones, 

or radio signals, indicating a healthy spacecraft and nominal solar 

encounter operations.

"Parker Solar Probe performed extremely well during its first close 

approaches to the sun, and remains very healthy under increasingly 

strenuous conditions," said Nickalaus Pinkine, the mission operations 

manager from APL. "Based on the success of earlier orbits, the team is 

very comfortable extending the science operations to larger sections of 

each orbit and returning much more data to Earth."

Parker Solar Probe is a repeat record-breaker

Just a few months after launch, Parker Solar Probe became the closest 

human-made object to the sun, passing within 26.55 million miles of the 

sun's surface, and became the fastest human-made object to reach 

speeds of 153,454 miles per hour. Since then, it has repeatedly broken 

both of those records, and will reach a top speed of about 430,000 miles 

per hour as it flies to within 3.9 million miles of the sun's surface in 

2024.

Parker Solar Probe has officially sampled the sun

In December 2021, NASA announced that Parker Solar Probe had 

achieved its cornerstone objective: making the first measurements from 

within the atmosphere of a star, effectively becoming the first spacecraft 

to "touch the sun."

The mission has led to game-changing discoveries

Parker Solar Probe carries four instrument suites, and each is credited 

with several groundbreaking discoveries. Here's a quick look at some of 

them:

The Solar Wind Electrons Alphas and Protons investigation, or 

SWEAP, is responsible for sampling the solar atmosphere. During its 

first pass close enough to cross the boundary where solar material 

anchored to the sun first escapes and becomes the solar wind—known 

as the Alfvén critical surface—the probe recorded key information 

about the boundary's shape and discovered that rather than resembling a 

smooth ball, the Alfvén critical surface is wrinkled with spikes and 

valleys. SWEAP established that the wrinkles stemmed from coronal 

streamers—giant plumes of solar material rising through the sun's 

atmosphere. Streamers have long been observed by sun-watching 

spacecraft near Earth, but have never been measured directly. "The 

results are reshaping what we know about the sun's atmosphere and how 

it transforms into the solar wind," Raouafi said.

The Wide-Field Imager for Parker Solar Probe, or WISPR, is 

discovering the dust-depletion zone, a region around the sun where 

scientists predict that dust particles should get hot enough to sublimate 

and thus disappear. The WISPR instrument observed light reflected 

from dust dimming at about 19 solar radii (8.2 million miles from the 

sun). Models of the results suggest that a dust-free zone should exist 

starting at about 5 solar radii (2.2 million miles from the sun). 

"Discovering the dust-depletion zone around the sun is not only 

historical, but also insightful on the environment near of the sun and 

other stars," said Mark Linton, WISPR principal investigator from the 

Naval Research Laboratory.

FIELDS is tracking down the origins of switchbacks, rapid reversals in 

the sun's magnetic field that reverse direction like a zig-zagging 

mountain road. During the probe's sixth flyby of the sun, FIELDS data 

revealed that the switchbacks aligned with magnetic "funnels" in the 

solar surface. These funnels emerge from between structures called 

supergranules—giant bubbles on the sun in which hot plasma from the 

solar interior rises up, spreads out across the surface, cools, and then 

sinks back down. The magnetic geometry of these regions suggests that 

magnetic reconnection powers the solar wind. But while the findings 

locate where switchbacks are made, researchers are still digging into the 

question of how they're formed.

The Integrated Science Investigation of the sun, or ISʘIS, is rewriting 

the book on solar energetic particles, the most energetic particles that 

escape the sun. Measured near Earth, SEP events are relatively rare and 

hard to predict. But detecting SEPs close to the sun, ISʘIS has found 

that SEPs are much more common than expected, that they contain a 

wider range of types of particles than expected, and that their paths from 

the sun are not as direct as previously thought—they can be disrupted by 

the switchbacks and can at times follow a path twice as long as expected. 

By measuring these events so close to the sun, ISʘIS is detecting events 

so small that all trace of them is lost before they reach Earth, helping 

scientists develop a fuller picture of where they come from and how 

they're accelerated away from the sun.

…And the results keep coming

Each new data set expands the limits of space science—and it's not just 

about the sun. Parker Solar Probe has also studied comets, detected 

radio emissions from Venus' atmosphere, and even captured the first-

ever images of Venus' surface in visible wavelengths.

With its closest passes of the sun still ahead in 2024 and 2025, only time 

will tell what new discoveries await.

"The Parker Solar Probe mission is not only reshaping the landscape of 

solar and heliophysics research before our eyes, but it is enticing us to 

pursue challenging ideas that, just a few years ago, we considered out of 

reach," said Raouafi. "I can't say enough about the exemplary team of 

scientists, engineers, and managers at NASA, APL, and our partner 

institutions who have made this mission a success. We're excited about 

the future of Parker Solar Probe and the opportunity to inspire missions 

that will follow its path."

Source: Johns Hopkins University news release. Author: Michael 
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Liquid-Mirror Telescope sees first 
light in the Indian Himalayas

A
 new telescope facility atop a mountain in the Himalayan range 

will now keep a watch on the overhead sky to identify transient 

or variable objects such as supernovae, gravitational lenses, 

space debris, and asteroids.

The telescope, commissioned at Devasthal, a hill in Uttarakhand, will 

help in surveying the sky making it possible to observe several galaxies 

and other astronomical sources just by staring at the strip of sky that 

passes overhead. It is the first liquid mirror telescope in the country and 

the largest in Asia.

Built by astronomers from India, Belgium and Canada, the novel 

instrument employs a 4-meter-diameter rotating mirror made up of a 

thin film of liquid mercury to collect and focus light. It is located at an 

altitude of 2450 metres at the Devasthal Observatory campus of 

Aryabhatta Research Institute of Observational Sciences (ARIES), an 

autonomous institute under the Department of Science and Technology 

(DST), Govt. of India in Nainital district, Uttarakhand.

The scientists from the three countries spun a pool of mercury which is a 

reflective liquid, so that the surface curved into a parabolic shape which 

is ideal for focusing light. A thin transparent film of mylar protects the 

mercury from wind. The reflected light passes through a sophisticated 

multi-lens optical corrector that produces sharp images over a wide field 

of view. A large-format electronic camera located at the focus records 

the images. Prof. Paul Hickson (University of British Columbia, 

Canada), an expert on liquid mirror technology, said that “the rotation of 

the earth causes the images to drift across the camera, but this motion is 

compensated electronically by the camera. This mode of operation 

increases observing efficiency and makes the telescope particularly 

sensitive to faint and diffuse objects.”

“ILMT is the first liquid-mirror telescope designed exclusively for 

astronomical observations installed at the Devasthal Observatory of 

ARIES,” said Prof. Dipankar Banerjee, Director, ARIES. Prof. 

Banerjee mentioned that Devasthal Observatory now hosts two four-

meter class telescopes – the ILMT and the Devasthal Optical Telescope 

(DOT). Both are the largest aperture telescopes available in the country. 

Prof. Banerjee is also enthusiastic about the application of Big Data and 

Artificial Intelligence/Machine Learning (AI/ML) algorithms that will 

be implemented for classifying the objects observed with the ILMT. He 

stated, “I am hopeful that this project will attract and motivate several 

young minds from scientific and engineering backgrounds to take up 

challenging problems.”

“The wealth of data generated with the ILMT survey will be exemplary. 

In the future, several young researchers will be working on different 

science programs utilizing the ILMT data," said Dr. Kuntal Misra, who 

is the Project Investigator of ILMT at ARIES. “When regular science 

operations begin later this year, the ILMT will produce about 10 GB of 

data every night, which will be quickly analyzed to reveal variable and 

transient stellar sources,” said Dr. Brajesh Kumar, ILMT Project 

Scientist at ARIES. The 3.6 metre DOT, with the availability of 

sophisticated back-end instruments, will allow rapid follow-up 

observations of the newly-detected transient sources with the adjacent 

ILMT.

“The data collected from ILMT will be ideally suited to perform a deep 

photometric and astrometric variability survey over a period of typically 

5 years,” notes Project Director Prof. Jean Surdej (University of Liège, 

Belgium and University of Poznan, Poland).

The ILMT collaboration includes researchers from ARIES in India, the 

University of Liège and the Royal Observatory of Belgium in Belgium, 

Poznan Observatory in Poland, the Ulugh Beg Astronomical Institute of 

the Uzbek Academy of Sciences and National University of Uzbekistan 

in Uzbekistan, the University of British Columbia, Laval University, the 

University of Montreal, the University of Toronto, York University and 

the University of Victoria in Canada. The telescope was designed and 

built by the Advanced Mechanical and Optical Systems (AMOS) 

Corporation and the Centre Spatial de Liège in Belgium.

Source: PIB

Top view of the ILMT located at the Devasthal Observatory of ARIES showing the liquid mercury mirror covered by a thin mylar film.
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Efficient 3D modelling of large area 
landforms

Land surveys are used to find and monitor land features in large 

areas. Information such as differences in elevation, area and 

heights of buildings, vegetation, water and roads can be 

gathered by physically surveying the land. The same information can be 

gathered using pictures captured remotely by cameras mounted on 

satellites or tripods, drones and helicopters. 

Another way to get the information about land features is to use sensors 

to capture data and reconstruct a three-dimensional representation via 

specific techniques such as lidar (Light Detection and Ranging). Aerial 

surveys cover large areas, reduce fieldwork, are less time consuming 

and take repetitive measurements to study how land usage changes over 

time. The data collected through aerial surveys is vast due to many 

measurements associated with any point on the ground. 

Prof Surya Durbha and his team from the Centre of Studies in Resource 

Engineering, Indian Institute of Technology Bombay (IIT Bombay) 

have proposed and evaluated a  computationalmethod, named novel
LidarCSNet, to compress lidar data and reconstruct a three- 

dimensional representation using the compressed data. Their method 

saves memory, time and computational cost, with negligible error 

compared to the reconstruction when raw lidar data is used without 

compression. The study was published in the ISPRS Journal of 

Photogrammetry and Remote Sensing. 

Lidar is a technique that uses light pulses to gather information about 

Image Source: Wikimedia Commons

A novel machine learning based method to compress and reconstruct 3D spatial data 
from remote sensing
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Efficient 3D modelling of large area landforms

land features which can be used to create a three-dimensional 

representation. A device installed on helicopters, drones, or tripods 

sends light pulses to the land and receives reflected signals from the 

ground under scrutiny. Depending on the time delay between the 

received and sent pulse signals, the number of reflections, and the 

intensity of reflected light pulses, a 3D representation of the region can 

be created. 

The lidar data is huge. It needs large storage memory and heavy 

computations to extract information about the area surveyed. Using 

lesser data points can reduce time and resource costs, but it 

compromises the accuracy of the 3D representation. The challenge lies 

in creating a representation that is very close to the original, using 

minimum data points. 

LidarCSNet uses a novel combination of computational methods called 

Compressive Sensing and Deep Learning to compress and reconstruct 

3D lidar data. Compressive Sensing(CS) reconstructs information 

using fewer measurements or data points. Deep learning methods are 

machine learning algorithms that help „train‟ the software to identify 

specific features in large datasets like audio, images, video. The 

researchers implemented LidarCSNet as a stack of software modules 

where the layers work one after the other to yield a more accurate result. 

This design is easy and scalable to implement for large amounts of data 

and avoids iterations, unlike earlier implementations. 

The team demonstrated the efficiency of LidarCSNet on two pre-

captured 3D lidar datasets for forest and urban environments in the 

Philippines. These publicly available datasets from the Training Centre 

for Applied Geodesy and Photogrammetry (UP TCAGP) and the 

PHIL-Lidar Program of the Philippines include the on-ground survey 

data for the region. 

Reconstruction using LidarCSNet 

The researchers used LidarCSNet to generate four compressed 

representations of the lidar datasets using different compression levels 

by choosing 75%, 50%, 10% and 4% samples from the total lidar 

samples. They used LidarCSNet to reconstruct the 3D scene from the 

four compressed representations for forest and urban data sets and 

validated the results against the on- ground survey data. In both case 

studies, they found that as the number of samples reduced, the 

reconstruction deviated more from the original, and the reconstruction 

time decreased. 

Though the reconstruction was faster at 10% and 4% samples, its 

deviation from the original model could be unacceptable for 

applications that need higher accuracy, like autonomous vehicles. The 

researchers believe that their findings related to the reconstruction 

accuracy and reconstruction time for the different compression levels 

can help applications decide how much compression they should use to 

achieve the desired speed and accuracy. The findings can best help 

optimise remote sensing applications that analyse vegetation, forests 

and urban areas. “Though LidarCSNet can be used with any lidar data, 

it will be more beneficial to use it in lidar applications like remote 

sensing where data is huge, rather than applications like autonomous 

vehicles where computation happens on a smaller data,” says Mr Rajat 

Shinde, an author of this research. 

Land Feature Identification

 The researchers demonstrated the goodness of LidarCSNet-

reconstruction by using the reconstructed data to classify the land 

features in six classes of land-cover (ground, low or medium or high 

vegetation, buildings, bridge deck) and finding the accuracy of 

classification. They developed two novel classification frameworks 

called LidarNet and its enhanced version, LidarNet++, tuned to handle 

features of the various land classes. LidarNet++ gives a more accurate 

classification at the cost of more computations and time. 

The researchers used LidarNet and LidarNet++ to classify 

uncompressed lidar data and the lidar data compressed and 

reconstructed using LidarCSNet at different compression levels. They 

compared the classification results with those obtained using other 

existing lidar classification methods. LidarNet++ gives the highest 

accuracy of classification among all the methods, on an average over all 

the six land classes and at all compression levels. For example, 

LidarNet++ classifies 86.43% of the points accurately when 75% of the 

samples were used. However, other frameworks could not achieve this 

accuracy even when all of the samples were used. 

Prof Durbha says, “Having compression of data using LidarCSNet 

framework at the time of capture, on-board the capturing hardware in 

drones, would be very useful. It will eliminate the need to store or work 

on the huge raw lidar data and make it possible to use only fewer data 

points at the required compression level.” 

The researchers feel that this work can immensely help lidar 

applications to optimise their speed and cost when surveying for the 

changes in land use and also in computer vision when building models 

of the surroundings. “We are working to make LidarCSNet available in 

a ready-to-use software format for other applications to leverage, after 

which it can be made open for others to use,” says Mr Shinde.

Source: IIT Bombay news release. Author:  Shilpa Inamdar-Joshi

The researchers demonstrated the 

goodness of LidarCSNet-

reconstruction by using the 

reconstructed data to classify the 

land features in six classes of land-

cover (ground, low or medium or 

high vegetation, buildings, bridge 

deck) and finding the accuracy of 

classification. 
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Spiking neural network chip on 
45nm SOI Technology 

The biology of the brain enables approximate computing with 

analog synapses that connect stochastic and digital spiking 

neurons. Along with fascinating connectivity schemes, this 

results in the power & mystique of the biological brain that chaperones 

all the processes of human thought and action. 

As humans build next-generation AI-powered sensors & computing, 

the biological brain remains an inspiration and an enigma! A measure of 

understanding the brain enigma is our ability to build a brain-like 

computing platform. A successful brain-scale emulator could enable 

revolutionary advancements from sentient autonomous, self-learning 

bots to understanding diseases of the brain. 

Mainstream computing technology using transistors to make digital 

gates has taken over the world. This technology enables Boolean logic 

with Very Large-Scale Integration (VLSI) of transistors to form 

complex circuits including microprocessors. Yet, mimicking a complex 

mix of analog, stochastic, and digital processing in the biological brain 

at scale using traditional digital computing technology has significant 

inefficiencies. This makes brain-scale computing, i.e. replicating the 

brain with its 100 billion neurons with 1 quadrillion (i.e. 1000 trillion) 

synapses, a daunting task. 

Adapting Silicon Technology to Mimic the Brain 

A promising approach is to adapt the mature silicon technology by 

leveraging hitherto untapped physics to design & build efficient 

neurons and synapses to create neuro-synaptic cores. These cores are 

akin to microprocessor cores, except for working on biological 

principles of computing. To ensure an efficient core, the neuronal 

design must be very energy and area efficient. This requires a compact 

and ultra-low current source in silicon technology – a central challenge. 

In 2021, the researchers from IIT Bombay led by Prof. Udayan Ganguly 

proposed the use of quantum tunneling current in a silicon on insulator 

(SOI) technology as a solution. The quantum tunneling current levels 

are close to the off-current level of a traditional transistor. The off-

current is 10000 times smaller than the typical on-currents used in 

transistors. This enables significant power and area savings! 

To take the innovation to the next systems level, a device-circuit-

algorithm co-design team was formed led by Prof. Udayan Ganguly and 

Prof. Maryam Shojaei Baghini at IIT Bombay. Together, the team has 

designed the global first spiking neuro-synaptic core on 45nm SOI 

technology. The team coordinated remotely from their respective homes 

during Covid 19 lockdown, thanks to the online computing 

infrastructure at IIT Bombay. 

Algorithm-Circuit-Device Co-design by IIT Bombay Team 

The application was speech recognition using a neural network 

algorithm inspired by the auditory cortex. A spoken word recognition 

algorithm, the Liquid State Machine, uses the idea that the neural 

network forms a neuronal reservoir which is analogous to a liquid 

reservoir. Spoken words are like liquid droplets falling on the reservoir 

surface creating ripples. The ripples capture the memory of the spoken 

word in time to enable a simple classifier layer to classify accurately. 

A graduate student Vivek Saraswat worked on adapting this algorithm to 

hardware by adding the various hardware quirks to the conventional 

“ideal” software implementations to show the feasibility of the hardware 

implementation. The quirks include variability and non-linearities of 

continued on page 17

Left to Right: Prof. Maryam Shojaei Baghini, Vivek Saraswat, Prof. Udayan Ganguly, Ajay Singh holding the test board with the Neural Network 

chip Image credit: Ankit Bende.   
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What you should know about the 
new monkeypox outbreak

A
 new monkeypox outbreak is making headlines about this rare, 

transmissible virus that's related to smallpox. The global 

investigation into the 2022 outbreak—which differs from 

previous clusters of monkeypox—is still in its early stages and public 

health teams are learning more each day as case counts grow.

Emily Landon specializes in infectious disease and serves as executive 

medical director for infection prevention and control at University of 

Chicago Medicine. She writes:

“It's important to know that the risk of acquiring monkeypox through 

casual contact is extremely low at this time. And our best COVID-19 

safety practices like masks and regular hand washing will be incredibly 

important tools to help protect us against monkeypox.

Similarly, it's critical that anyone who's been exposed to monkeypox or 

who thinks they may have symptoms isolates and notifies public health 

authorities immediately.  

This situation is evolving quickly and our information is based on the 

understanding of this outbreak at the time of this post's publication. We'll 

likely know much more in the weeks and months to come. But for now, 

here's what we think you should know about monkeypox and how you 

can stay safe.”

What is monkeypox?

Monkeypox is a zoonotic infection, which means it began in animals 

and was transmitted to humans. It's endemic to Africa and transmitted 

when someone has close contact with another monkeypox patient or 

from rodents carrying the disease. Contrary to its namesake, monkeys 

aren't reservoirs or common hosts of monkeypox. In fact, the virus is 

most often traced to rodents. It's from the same family as other 

poxviruses including smallpox (called orthopoxviridae) and was first 

discovered in humans in 1970.

What does monkeypox look like? Are there other symptoms?

A monkeypox rash starts as red spots and progresses over time to pus-

filled, blister-like lesions that eventually scab over. It is typically found 

on the face or extremities like the hands, legs and feet. The lesions are 

generally all the same size and develop at the same rate. In the latest 

round of cases, many of the patients had the rash on only the genitals or 

anus, which means the symptoms may be mistaken for a sexually 

transmitted infection or STI.

Sometimes a person with monkeypox will feel like they're coming down 

with a cold or flu days before their rash develops. These symptoms 

include headaches, fevers, muscle and body aches, and fatigue. They 

may also have swollen lymph nodes.

How does monkeypox spread?

Monkeypox is spread through direct skin-to-skin contact with the 

monkeypox lesions or the fluid inside them. The virus can also be spread 

by breathing in or directly contacting infected respiratory droplets. 

There's been some cases where monkeypox was transmitted from 

surfaces that were contaminated with respiratory droplets or fluid from 

the lesions. (This is another reason we need to keep wearing the masks 

Image by Kateryna Kon/Shutterstock
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Spiking neural network chip on 45nm SOI Technology   continued from page 15

“physical” elements like neurons and synapses implemented on silicon 

technology. 

Another graduate student, Ajay Singh, led the circuit demonstration. He 

implemented a 20-neuron input layer that fed the neural spike signal into 

a 36-neuron reservoir where neurons were connected in a random 

recurrent manner through 256 synapses. Some of the critical hardware 

“quirks” identified in algorithms were mitigated through design. A key 

challenge was that tunneling is by nature exponentially dependent on the 

input voltage to produce a non-linear current source. However, software 

algorithms assume a linear current source. Ajay designed correction 

blocks to enable “ideal” neurons. Such control ensures that the large 

body of algorithms can be implemented in our hardware directly without 

redesign. 

Achieving performance using 45nm Silicon Technology at 
GlobalFoundries 

The neural network circuit was designed & fabricated on the mature 

45RFSOI technology. The chip manufacturing was supported through 

the prestigious GlobalFoundries University Program. Dr. Ted Letavic, 

CTO of Compute and Wired Infrastructure Business Unit at GF 

commented that “This is pioneering work that showcases the advantages 

of mature SOI technology to demonstrate a new neural compute 

paradigm based on quantum tunneling." 

As the world's first neuro-synaptic core leveraging advanced SOI 

technology, the study has been recently accepted for publication in 

IEEE Transactions of Circuits and Systems in 2022. The IEEE 

publication highlights that the team has achieved 5000 times lower 

energy-per-spike at a similar area, 50 times less area at a similar energy-

per-spike, and 10 times lower standby power at a similar area and 

energy-per-spike compared to the state-of-the-art benchmarks. Such 

overall performance improvement enables brain-scale computing. 

AI chips from India's innovation ecosystem for global leadership 

As semiconductor ecosystem development becomes a national priority 

with the cabinet approval of the 10 Billion USD investment in India and 

AI Hardware development acquires global focus, Prof. Ajay Sood, 

Principal Scientific Advisor (PSA) to the Government of India remarked 

“Demonstrating silicon-proven ideas based on an untapped quantum 

phenomenon in silicon to build efficient brain-like computing is 

promising on the global scale. The confluence of the national 

semiconductors priority as well as the emergence of AI and brain-scale 

computing hardware as the R&D focus at the global level makes the 

demonstration very timely and compelling.” 

The work was initiated under DST Nanomission and later supported by 

Nanoelectronics Network for Research & Applications (NNetRA) 

funded by MeitY & DST. On an IIT Bombay team achieving this 

milestone, Dr. V.K. Saraswat, Member, NITI Aayog commented that 

“India has excellent strength in circuit design. Advanced technology-

circuits-systems co-design is the “holy grail”. A new computing 

hardware platform demonstrated by the IIT Bombay team based on 

advanced devices-circuit-system co-design is an exemplary 

demonstration. It contains the essence of the deep knowledge of 

technology, device, and circuits developed in the Centers of Excellence 

in Nanoelectronics (CENs) leading to such pathbreaking inventions. As 

a next step, brain-scale computing enabled my nanoelectronics should 

become a major thrust in India's S&T program to amplify the scope and 

ambition of such research towards new products and capabilities.”

Source: IIT Bombay news release: Author: Ankit Bende 

we've been accustomed to during the COVID-19 pandemic and why we 

should keep washing our hands regularly and cleaning high-touch 

surfaces.)

It can take anywhere from five to 21 days for someone to become sick 

with monkeypox after they've been exposed. That's a long time and 

makes it especially hard to do contact tracing. The good news: A long 

incubation period means we can give people treatments or vaccines that 

can help keep them from getting sick if we're able to catch it early. That 

makes it important to contact your doctor or the health department right 

away if you may have been exposed to monkeypox. The entire illness 

lasts about two to four weeks.

How dangerous is monkeypox?

This outbreak involves what's known as the western African clade, 

which is less severe and has a fatality rate of about 1%. But many of 

those cases have occurred in countries where there weren't many 

medical resources, which means people likely had worse outcomes than 

they would have in other regions of the world. No one has died from 

monkeypox in the U.S. during previous outbreaks.

How is monkeypox treated?

Since monkeypox and smallpox are related, we can use the smallpox 

vaccine to prevent illness even after someone has been exposed. It's 

about 85% protective against monkeypox. (However, someone's 

immunity can weaken as they age.) There is also a new vaccine that can 

be used, but it is in short supply. Antiviral medications, such as cidofovir 

or tecovirimat, can be used to treat severe cases. Some people may also 

be treated with immune globulin antibodies if they can't get other kinds 

of treatment. Most people don't require any treatment and get over the 

infection on their own.

Who is most at risk for monkeypox?

Unlike previous outbreaks, some of the people who are currently being 

infected with monkeypox are people who identify as men who've had 

sexual contact with men and reported new partners in the last month. 

However, cases aren't limited to one sex or sexual orientation, and there 

are reports of household contacts being infected. This makes it 

challenging to diagnose monkeypox because doctors may mistake skin 

lesions for more common infections. There's good reason to believe 

other cases may have gone undiagnosed.

Source: University of Chicago news release

What you should know about the new monkeypox outbreak
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G
iraffes have the highest blood pressure of all mammals — up to 

300/200, more than double that of a typical human. But 

pregnant giraffes don't suffer from pre-eclampsia, a dangerous 

disorder caused by hypertension.

The giraffe's protection against pre-eclampsia is just one case in which 

females of numerous species have a resistance to maladies that affect 

women, including cardiovascular disease, cancer, infertility and more.

UC Santa Barbara associate professor of anthropology Amy Boddy and 

her colleagues want to understand how this happens. More broadly, 

they're interested in the shared health vulnerabilities of female animals 

across species — mammalian, reptilian, avian, piscine — and how 

awareness of them can improve women's health.

To that end, they're proposing a global initiative that would focus on the 

health of female animals at a time when climate change is accelerating 

environmental degradation, which disproportionately affects women 

and girls. 

As the paper notes  “The health of female mammals, birds, reptiles and ,

fish living in and around human communities has become increasingly 

relevant to women's health as anthropogenic changes blur the 

boundaries that once demarcated human versus animal environments. 
stIn the 21  century, all female animals — including every human female 

— have become canaries and the Earth, a shared, planetary coal mine.”

Led by Dr. B Natterson-Horowitz, a cardiologist and evolutionary 

biologist at UCLA and Harvard University, the initiative would bring 

together specialists from human medicine, veterinarians, wildlife 

biologists and more. It's an ambitious project and still in its infancy, but 

necessary, Boddy said.

“There are many field ecologists and wildlife veterinarians that observe 

health problems/chronic diseases in the field populations and wildlife 

they study,” said Boddy, whose research focuses on evolutionary 

applications to human health and disease. “For example, I can only 

speak on my work, but we have been able to observe tumors in wildlife 

if they are external. For these cases we can do a better job of 

documenting them, but also the collection of more information, 

including pathology diagnosis. This obviously requires more resources, 

but I think it can be achievable. I think that's just the first step, but we can 

be more creative.”

The relationship between animal and human health, especially zoonotic 

diseases that spread between species, has been the focus of significant 

research. Programs like the UC Davis One Health Initiative in the 

School of Veterinary Medicine take a multidisciplinary approach to 

address the health of people, animals and the environment.

It's important work, Boddy said, but this new initiative aims to reach a 

broader audience. She notes that Natterson-Horowitz is a physician, 

“and one of our main target audiences is a call to other human health care 

professionals to consider how important animal and planetary health is 

to human patients. Secondly, we recognize that many One Health 

programs focus specifically on communicable diseases (e.g., zoonoses 

or infectious disease), while here we suggest a broadening of that net to 

include non-communicable diseases, such as cancer, in these programs. 

Thirdly, we would love to explore some of these 'evolutionary solutions' 

to some of the health conditions that impact women's health — there is 

such diversity across the tree of life — we can be inspired by these novel 

solutions.”

But with climate change pushing all life on Earth to the brink, the time 

for creative and innovative work is now, Boddy said. Untold numbers of 

canaries died in British mines; we don't have to sacrifice today's sentinel 

species.

“As research has shown, climate change will have impacts on human 

and animal health,” she said. “I don't think that is much of a surprise to 

anyone, especially during our current pandemic. Here we suggest these 

impacts on human and animal health will disproportionately affect 

females. The fact that female health has historically been underfunded 

will exacerbate these issues further. Our worry is that we will recognize 

this impact too late, whereas these signals of disease will emerge in 

female populations (i.e., the canaries) before we act on it. It's just 

another argument that we must be proactive to protect planetary health 

and biodiversity.”

Source: UC Santa Barbara news release. Author: Jim Logan

A Planetary sisterhood
Global initiative to study female health across species at a time when climate change is 
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Biochemistry

Without 'work-life balance,' plastin protein may promote disease
A family of proteins that have a role in 

ensuring many types of cells move and 

maintain their shape may promote disease 

when they act like workaholics and disrupt 

the cellular environment, new research 

suggests. The study increases scientific 

understanding of plastins, whose job is to 

bind to and bundle other proteins that can be 

thought of as the bones and muscles of cells. 

Having a better handle on precisely what 

drives plastins' activities could help explain 

this protein family's links – sometimes 

beneficial, sometimes harmful – to diseases 

that include cancer, congenital osteoporosis 

and spinal muscular atrophy. Researchers 

described their findings about plastin 

behavior in terms of work-life balance. The 

protein's two main segments strongly bond to 

each other in their “at-home” mode but can be 

forced to disengage from each other when 

their bundling responsibilities in the cellular 

“workplace” increase – such as when a cell 

starts to migrate. In the event of an 

unexpected change to their structure, the 

research showed, plastins keep doing 

aggressive bundling work – even though it's 

not needed anymore.  The study suggested 

that at least one mistimed enzymatic activity 

could contribute to this problem, but more 

work is needed to fully understand the 

mechanisms behind the switch between the 

“workaholism” and “weekend” modes. “We 

need to know this information so we can 

figure out how to regulate plastins,” said 

senior author Dmitri Kudryashov. “Because 

plastins are involved in disease, we see the 

manifestation of that, but we don't know how 

precisely mutations lead to disease. In cancer, 

or certain autoimmune reactions, knowing 

exactly what plastins do and how to control 

their activity could be highly beneficial. If we 

could manage to inhibit this protein in cancer, 

it's likely the cells would become less 

invasive.” The study is published in the 

journal Nature Structural & Molecular 

Biology.

The researchers introduced a mutation to 

plastin that mimics a molecular change that 

has been detected in cancer cells. This change 

prolonged plastin binding sites' disenga-

gement, and plastins didn't get recycled – they 

just kept trying to bundle up actins that didn't 

need to be bundled anymore. These findings 

suggest that plastin's lack of response to what 

the cell needs could have undesirable 

downstream effects. These observations were 

made in plastin 2. Future work will focus on 

clarifying whether plastins 1 and 3 act the 

same way and determining whether and how 

plastin's “co-workers” in cells get involved in 

regulating the protein's functions.

Source: ETH Zurich news release

Biochemistry

Miniproteins that can launch two-pronged attacks on viral proteins
The rapid emergence of new strains of the 

SARS-CoV-2 virus has diminished the 

protection offered by COVID-19 vaccines. A 

new approach developed by researchers at the 

Indian Institute of Science (IISc) now 

provides an alternative mechanism to render 

viruses like SARS-CoV-2 inactive. In a study 

published in Nature Chemical Biology, the 

researchers report the design of a new class of 

artificial peptides or miniproteins that can not 

only block virus entry into our cells but also 

clump virions (virus particles) together, 

reducing their ability to infect. In the new 

study, the team has exploited this approach to 

design miniproteins that can bind to, and block 

the spike protein on the surface of the SARS-

CoV-2 virus. This binding was further 

characterised extensively by cryo-electron 

microscopy (cryo-EM) and other biophysical 

methods. These miniproteins are helical, 

hairpin-shaped peptides, each capable of 

pairing up with another of its kind, forming 

what is known as a dimer. Each dimeric 

'bundle' presents two 'faces' to interact with 

two target molecules. The researchers 

hypothesised that the two faces would bind to 

two separate target proteins locking all four in 

a complex and blocking the targets' action. 

“But we needed proof of principle,” says 

Jayanta Chatterjee, the lead author of the 

study. The S protein is a trimer – a complex of 

three identical polypeptides. Each polype-

ptide contains a Receptor Binding Domain 

(RBD) that binds to the ACE2 receptor on the 

host cell surface. This interaction facilitates 

viral entry into the cell.  

The SIH-5 miniprotein was designed to block 

the binding of the RBD to human ACE2. 

When a SIH-5 dimer encountered an S protein, 

one of its faces bound tightly to one of the three 

RBDs on the S protein trimer, and the other 

face bound to an RBD from a different S 

protein. This 'cross-linking' allowed the 

miniprotein to block both S proteins at the 

same time. “Several monomers can block their 

targets,” says Chatterjee. “[But] cross-linking 

of S proteins blocks their action many times 

more effectively. This is called the avidity 

effect.” Under cryo-EM, the S proteins 

targeted by SIH-5 appeared to be attached 

head-to-head. “We expected to see a complex 

of one spike trimer with SIH-5 peptides. But I 

saw a structure that was much more elonga-

ted,” says Somnath Dutta, one of the 

corresponding authors. Dutta and the others 

realised that the spike proteins were being 

forced to form dimers and clumped into 

complexes with the miniprotein. This type of 

clumping can simultaneously inactivate 

multiple spike proteins of the same virus and 

even multiple virus particles. 

Source: IISc news release
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Biology

Scientists grow plants in soil from the moon

Scientists have grown plants in soil from the 

moon, a first in human history and a milestone 

in lunar and space exploration. In a new paper 

published in the journal Communications 

Biology, University of Florida researchers 

showed that plants can successfully sprout 

and grow in lunar soil. Their study also 

investigated how plants respond biologically 

to the moon's soil, also known as lunar 

regolith, which is radically different from soil 

found on Earth. “Artemis will require a better 

understanding of how to grow plants in 

space,” said Rob Ferl, one of the study's 

authors. Even in the early days of lunar 

exploration, plants played an important role, 

said Anna-Lisa Paul, also one of the study's 

authors. “Plants helped establish that the soil 

samples brought back from the moon did not 

harbor pathogens or  other  unknown 

components that would harm terrestrial life, 

but those plants were only dusted with the 

lunar regolith and were never actually grown 

in it,” Paul said.

To grow their tiny lunar garden, the 

researchers used thimble-sized wells in plastic 

plates normally used to culture cells. Each 

well functioned as a pot. Once they filled each 

“pot” with approximately a gram of lunar soil, 

the scientists moistened the soil with a nutrient 

solution and added a few seeds from the 

Arabidopsis plant. Arabidopsis is widely used 

in the plant sciences because its genetic code 

has been fully mapped. Growing Arabidopsis 

in the lunar soil allowed the researchers more 

insight into how the soil affected the plants, 

down to the level of gene expression. As points 

of comparison, the researchers also planted 

Arabidopsis in JSC-1A, a terrestrial substance 

that mimics real lunar soil, as well as simulated 

Martian soils and terrestrial soils from extreme 

environments. The plants grown in these non-

lunar soils were the experiment's control 

group. Before the experiment, the researchers 

weren't sure if the seeds planted in the lunar 

soils would sprout. But nearly all of them did. 

“We were amazed. We did not predict that,” 

Paul said. “That told us that the lunar soils 

didn't interrupt the hormones and signals 

involved in plant germination.” However, as 

time went on, the researchers observed 

differences between the plants grown in lunar 

soil and the control group. For example, some 

of the plants grown in the lunar soils were 

smaller, grew more slowly or were more 

varied in size than their counterparts.

Source: University of Florida news release

Biology

Male pheromones improve health of females' eggs

Male pheromones just might be the fountain of 

youth for aging female animals' eggs, 

according to a new Northwestern University 

study. In the new study, researchers used the 

tiny transparent roundworm C. elegans. 

Exposure of female roundworms to male 

pheromones slowed down the aging of the 

females' egg cells, resulting in healthier 

offspring. Not only did the exposure decrease 

embryonic death by more than twofold, it also 

decreased chromosomal abnormalities in 

surviving offspring by more than twofold. 

Under the microscope, egg cells also looked 

younger and healthier, rather than tiny and 

misshapen, which is common with aging.

The researchers believe this finding poten-

tially could lead to pharmacological 

interventions that combat infertility issues in 

humans by improving egg cell quality and 

delaying the onset of reproductive aging.  

“Reproductive aging affects everyone,” said 

Northwestern's Ilya Ruvinsky, who led the 

study. “One of the first signs of biological 

aging is the decreased quality of reproductive 

cells, which causes reduced fertility, increased 

incidence of  fetal  defects  including 

miscarriages, and eventually loss of fertility. 

By all criteria we could think of, male 

pheromones made the eggs better.” The paper 

was published in the journal Proceedings of 

the National Academy of Sciences.

To conduct the study, the team aged female 

roundworms in the presence of a pheromone 

that is normally produced by male round-

worms. The researchers saw that egg quality 

in females exposed to the pheromone was 

higher than in control roundworms that did not 

encounter  the  pheromone.  Al though 

continuous exposure to male pheromones 

worked best, even shorter exposure improved 

overall egg quality. Ruvinsky believes this 

result can be explained by the animals' 

“shifting energy budgets.”  According to 

Ruvinsky, pheromones also inform animals 

about how to budget their finite energy. When 

conditions are not conducive to reproduction, 

female animals will spend resources and 

energy maintaining their overall body health, 

including muscles, neurons, intestines and 

other nonreproductive organs. Sensing male 

pheromones triggers downstream signaling 

from the nervous system to the rest of the body, 

causing the female animals to shift their energy 

and resources to increasing reproductive 

health instead. The result? Better eggs but 

faster decay of the body.

Source: Northwestern University news release
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Study reveals that kidney cells don't filter blood, they pump it
Human kidneys are an intricate network of 

tubes that process roughly 190 quarts of blood 

every day. Lining these tubes are epithelial 

cells that transport blood through the kidneys 

and circulate it back into the body. How these 

immobile cells generate the mechanical force 

needed to do their job is not fully understood. 

To unlock the secrets of this fluid transport 

process, a Johns Hopkins mechanical 

engineer has created a device that measures 

mechanical forces generated by both healthy 

and diseased kidney cells. "Fundamental 

physical laws say that you need forces to move 

things. In this case, the cells are not moving, 

but they are moving fluid. The question then 

becomes how they do this?" said Sean Sun, the 

lead researcher.

Sun and his team, which includes mechanical 

engineering alum Ikbal Choudhury and 

chemical and biomolecular master's student 

Morgan Benson, recreated the kidney 

microenvironment using their micro-fluidic 

kidney pump, or MFKP. The device has two 

microchannels separated by kidney epithelial 

cells. As the cells pass fluid between the 

channels, it records the fluid pressure 

generated by the cells in real time. The 

researchers noticed that kidney epithelial cells 

behave like mechanical fluid pumps and 

actively generate a fluid pressure gradient. 

The fluid pumping behavior is characterized 

by a pump performance curve, which is very 

much like a water pump in a house. Most 

people believe that kidneys behave like a 

conventional filter, which needs external 

pressure to move fluid. However, Sun and his 

team showed that cells can actually generate 

the needed pressure themselves—an insight 

with important implications for understanding 

kidney physiological function. "Everyone 

hears that kidneys filter blood, but conce-

ptually that is incorrect. What we showed is 

that kidney cells are pumps, not filters, and 

they are generating forces," Sun said. Their 

findings were published recently in the journal 

Nature Communications.

Sun's team also used the device to examine 

mechanical behaviors of kidney epithelial 

cells from patients with autosomal dominant 

polycystic kidney disease, or ADPKD. The 

team's device showed that ADPKD cells 

pump fluid in the opposite direction of healthy 

epithelial cells. This altered pumping behavior 

changes the kidney tube's pressure profile, 

resulting in change to their shape and 

morphology. This finding demonstrates that 

the team's device has the potential to be used as 

a screening tool for new treatments for 

ADPKD and other kidney diseases.

Source: Johns Hopkins University news 

release

Environmental Science

'Ghost' fossils reveals plankton resilience to past global warming events

The fossils are microscopic imprints, or 

“ghosts”, of single-celled plankton, called 

coccolithophores, that lived in the seas 

millions of years ago, and their discovery is 

changing our understanding of how plankton 

in the oceans are affected by climate change. 

Coccolithophores are important in today's 

oceans, providing much of the oxygen we 

breathe, supporting marine food webs, and 

locking carbon away in seafloor sediments. 

They are a type of microscopic plankton that 

surround their cells with hard calcareous 

plates, called coccoliths, and these are what 

normally fossilize in rocks. Declines in the 

abundance of these fossils have been 

documented from multiple past global 

warming events, suggesting that these 

plankton were severely affected by climate 

change and ocean acidification. However, a 

study published in the journal Science 

presents new global records of abundant ghost 

fossils from three Jurassic and Cretaceous 

warming events (94, 120 and 183 million 

years ago), suggesting that coccolithophores 

were more resilient to past climate change 

than was previously thought.

Co-author Professor Paul Bown (UCL Earth 

Sciences) said: “The preservation of these 

ghost nannofossils is truly remarkable. The 

ghost fossils are extremely small ‒ their length 

is approximately five thousandths of a 

millimetre, 15 times narrower than the width 

of a human hair! ‒ but the detail of the original 

plates is still perfectly visible, pressed into the 

surfaces of ancient organic matter, even 

though the plates themselves have dissolved 

away”.

“The discovery of these beautiful ghost fossils 

was completely unexpected”, said Dr Sam 

Slater from the Swedish Museum of Natural 

History. “We initially found them preserved 

on the surfaces of fossilized pollen, and it 

quickly became apparent that they were 

abundant during intervals where normal 

cocco-lithophore fossils were rare or absent – 

this was a total surprise!”

Despite their microscopic size, coccolitho-

phores can be hugely abundant in the present 

ocean, being visible from space as cloud-like 

blooms. After death, their cal-careous 

exoskeletons sink to the seafloor, accum-

ulating in vast numbers, forming rocks such as 

chalk. Profesor Silvia Danise (University of 

Florence) said: “Ghost nanno-fossils are likely 

common in the fossil record, but they have 

been overlooked due to their tiny size and 

cryptic mode of preservation”. “The ghost 

fossils show that nannoplankton were 

abundant, diverse and thriving during past 

warming events in the Jurassic and Cretaceous, 

where previous records have assumed that 

plankton collapsed due to ocean acidification,” 

explained Professor Richard Twitchett 

(Natural History Museum, London). 

Source: University College London news 

release
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Evolutionary Science

Wild animals evolving much faster than previously thought

The raw material for evolution is much more 

abundant in wild animals than we previously 

believed, according to new research from The 

Australian National University (ANU).   

Darwinian evolution is the process by which 

natural selection results in genetic changes in 

traits that favour the survival and reproduction 

of individuals. The rate at which evolution 

occurs depends crucially on genetic 

differences between individuals. Led by Dr 

Timothée Bonnet from ANU, an international 

research team wanted to know how much of 

this "fuel of evolution" exists in wild animal 

populations. The answer: two to four times 

more than previously thought. According to 

Dr Bonnet, the process of evolution that 

Darwin described was an incredibly slow one. 

"However, since Darwin, researchers have 

identified many examples of Darwinian 

evolution occurring in just a few years," Dr 

Bonnet said.  The study is the first time the 

speed of evolution has been systematically 

evaluated on a large scale, rather than on an ad 

hoc basis. 

The team of 40 researchers from 27 scientific 

institutions used studies of 19 populations of 

wild animals from around the world. These 

included superb fairy-wrens in Australia, 

spotted hyenas in Tanzania, song sparrows in 

Canada and red deer in Scotland. After three 

years of trawling through reams of data, Dr 

Bonnet and the team were able to quantify 

how much species change occurred due to 

genetic changes caused by natural selection. 

"The method gives us a way to measure the 

potential speed of current evolution in 

response to natural selection across all traits in 

a population. This is something we have not 

been able to do with previous methods, so 

being able to see so much potential change 

came as a surprise to the team," Dr Bonnet 

said. However, the researchers warn it's too 

early to tell whether the actual rate of evolution 

is getting quicker over time. "Whether species 

are adapting faster than before, we don't know, 

because we don't have a baseline. We just 

know that the recent potential, the amount of 

'fuel', has been higher than expected, but not 

necessarily higher than before," Dr Bonnet 

said.  According to the researchers, their 

findings also have implications for predictions 

of species' adaptability to environmental 

change. The research has been published in the 

journal Science.

Source: Australian National University news 

release

Evolutionary Science

Study explains how electric fish were able to evolve electric organs

A new study in Science Advances explains 

how small genetic changes enabled electric 

fish to evolve electric organs. The finding 

might also help scientists pinpoint the genetic 

mutations behind some human diseases. 

Evolution took advantage of a quirk of fish 

genetics to develop electric organs. All fish 

have duplicate versions of the same gene that 

produces tiny muscle motors, called sodium 

channels. To evolve electric organs, electric 

fish turned off one duplicate of the sodium 

channel gene in muscles and turned it on in 

other cells. The tiny motors that typically 

make muscles contract were repurposed to 

generate electric signals, and voila! A new 

organ with some astonishing capabilities was 

born. “This is exciting because we can see how 

a small change in the gene can completely 

change where it's expressed,” said Harold 

Zakon, corresponding author of the study. In 

the new paper, researchers from UT Austin 

and Michigan State University describe 

discovering a short section of this sodium 

channel gene—about 20 letters long—that 

controls whether the gene is expressed in any 

given cell. They confirmed that in electric 

fish, this control region is either altered or 

entirely missing. And that's why one of the 

two sodium channel genes is turned off in the 

muscles of electric fish. But the implications 

go far beyond the evolution of electric fish. 

“This control region is in most vertebrates, 

including humans,” Zakon said. “So, the next 

step in terms of human health would be to 

examine this region in databases of human 

genes to see how much variation there is in 

normal people and whether some deletions or 

mutations in this region could lead to a 

lowered expression of sodium channels, which 

might result in disease.”

The study's first author is Sarah LaPotin and in 

addition to Zakon, the study's other senior 

authors are Johann Eberhart and Jason Gallant. 

Zakon said the sodium channel gene had to be 

turned off in muscle before an electric organ 

could evolve. There are two groups of electric 

fish in the world—one in Africa and the other 

in South America. The researchers discovered 

that the electric fish in Africa had mutations in 

the control region, while electric fish in South 

America lost it entirely. Both groups arrived at 

the same solution for developing an electric 

organ—losing expression of a sodium channel 

gene in muscle—though from two different 

paths.

Source: University of Texas at Austin news 

release
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Study reports that one in 500 men carry extra sex chromosome

In a study published in Genetics in Medicine, 

researchers analysed genetic data collected on 

over 200,000 UK men aged 40-70 from UK 

Biobank, a biomedical database and research 

resource containing anonymised genetic, 

lifestyle and health information from half a 

million UK participants. They found 356 men 

who carried either an extra X chromosome or 

an extra Y chromosome. In the study, the 

researchers identified 213 men with an extra X 

chromosome and 143 men with an extra Y 

chromosome. As the participants in UK 

Biobank tend to be 'healthier' than the general 

population, this suggests that around one in 

500 men may carry an extra X or Y 

chromosome. Only a small minority of these 

men had a diagnosis of sex chromosome 

abnormality on their medical records or by 

self-report: fewer than one in four (23%) men 

with XXY and only one of the 143 XYY men 

(0.7%) had a known diagnosis. By linking 

genetic data to routine health records, the team 

found that men with XXY have much higher 

chances of reproductive problems, including 

a three-fold higher risk of delayed puberty and 

a four-fold higher risk of being childless. 

These men also had significantly lower blood 

concentrations of testosterone, the natural 

male hormone. Men with XYY appeared to 

have a normal reproductive function. Men 

with either XXY or XYY had higher risks of 

several other health conditions. They were 

three times more likely to have type 2 

diabetes, six times more likely to develop 

venous thrombosis, three times as likely to 

experience pulmonary embolism, and four 

times more likely to suffer from chronic 

obstructive pulmonary disease (COPD).

The researchers say that it isn't clear why an 

extra chromosome should increase the risk or 

why the risks were so similar irrespective of 

which sex chromosome was duplicated. Yajie 

Zhao, the study's first author, said: “Even 

though a significant number of men carry an 

extra sex chromosome, very few of them are 

likely to be aware of this. This extra chrom-

osome means that they have substantially 

higher risks of a number of common 

metabolic, vascular, and respiratory diseases – 

diseases that may be preventable.” Professor 

Ken Ong, joint senior author, added: “Genetic 

testing can detect chromosomal abnormalities 

fairly easily, so it might be helpful if XXY and 

XYY were more widely tested for in men who 

present to their doctor with a relevant health 

concern.

Source: University of Cambridge news release

Microbiology

Study describes how bacteria store information to kill viruses (but not 
themselves)

In bacteria, CRISPR (Clustered Regularly 

Interspaced Short Palindromic Repeats) 

works by stealing small pieces of DNA from 

infecting viruses and storing those chunks in 

the genes of the bacteria. These chunks of 

DNA, called spacers, are then copied to form 

little tags, which attach to proteins that float 

around until they find a matching piece of 

DNA. When they find a match, they recognize 

it as a virus and cut it up.  Now, a paper 

published in the journal Current Biology by 

researchers from the University of Penns-

ylvania, Department of Physics and Astro-

nomy shows that the risk of auto-immunity 

plays a key role in shaping how CRISPR 

stores viral information, guiding how many 

spacers bacteria keep in their genes, and how 

long those spacers are. Ideally, spacers should 

only match DNA belonging to the virus, but 

there is a small statistical chance that the 

spacer matches another chunk of DNA in the 

bacteria itself. That could spell death from an 

autoimmune response. 

“The adaptive immune system in vertebrates 

can produce autoimmune disorders. They're 

very serious and dangerous, but people hadn't 

really considered that carefully for bacteria,” 

says Vijay Balasubramanian, principal 

investigator for the paper. Balancing this risk 

can put the bacteria in something of an 

evolutionary bind. Having more spacers 

means they can store more information and 

fend off more types of viruses, but it also 

increases the likelihood that one of the spacers 

might match the DNA in the bacteria and 

trigger an autoimmune response. The 

researchers realized that the bacteria could get 

around this by having longer spacers. With 

this idea in hand, the researchers built a 

mathematical model to calculate the ratio 

between spacer length and the total number of 

spacers that the bacteria should be able to store 

without risking an autoimmune response. 

Once they worked out the mathematical 

model, they checked to see if their prediction 

held true in actual bacteria by looking at the 

CRISPR DNA of thousands of species and 

comparing the spacer length to the number of 

spacers stored. The researchers found a 

consistent, tight relationship between spacer 

length and number of spacers. 

Balasubramanian says that the success of the 

model shows that this framework of simple, 

mathematical trade-offs might apply to more 

complex systems, such as the immune systems 

of vertebrates, including humans.  This study 

is also among the first to describe the 

importance of the autoimmune response in 

bacteria. Balasubramanian and his colla-

borators hope that future studies of CRISPR 

will consider the risk of autoimmunity.

Source: University of Pennsylvania news 

release
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Microbes help orchestrate how the gut uses its genes

The microbes that help break down food 

actually tell the gut how to do its job better, 

according to a new study in mice at Duke. The 

researchers said it appears that the microbes 

are able to influence which of the gut's genes 

are being called into action, and in turn, that 

interaction might lead to a remodeling of the 

epithelial cells lining the gut so that they 

match the diet. “The gut is a fascinating 

interface between an animal and the world it 

lives in, and it receives information from both 

the diet and the microbes it harbors,” said John 

Rawls, Ph.D., a professor of molecular 

genomics and microbiology at Duke and 

director of the Duke Microbiome Center.

The study appeared in the journal Cellular and 

Molecular Gastroenterology and Hepatology. 

To begin to parse the messages coming from 

the microbes to the cells of the gut, the Duke 

researchers compared mice raised without any 

gut microbes and those with a normal gut 

microbiome. The researchers focused on the 

crosstalk between RNA transcription –  DNA 

being copied to RNA -- and the proteins that 

turn this copying process on or off in the small 

intestine, where most uptake of fat and other 

nutrients occurs.

While both the germ-free and normal mice 

were able to metabolize fatty acids in a high-

fat diet, the striking finding was that the germ-

free animals used a very different set of genes 

to deal with a high-fat meal. “We were 

surprised to find that the gene playbook that 

the gut epithelium uses to respond to dietary 

fat is different depending on whether or not 

microbes are there,” Rawls said. The 

researchers also saw that the microbes can help 

the gut absorb fats.

“It's a relatively consistent finding across 

multiple studies, from our lab and others, that 

microbes actually promote lipid absorption,” 

said Colin Lickwar, first author on the paper. 

“And that, at some level, also impacts systemic 

processes like weight gain.” The germ-free 

mice saw an increase in activity of the genes 

involved in fatty acid oxidation, literally 

burning of fatty acids, to provide fuel for the 

gut's cells. Lickwar said. “There is a 

remarkable amount of plasticity in the 

intestine. We largely don't understand it, but 

some of it is elucidated by this paper.”

Source: Duke University news release

Microbiology

Effects of feast and famine cycles within groups of the intestine-dwelling 
bacteria E. coli

Behringer, a member of the Evolutionary 

Studies Initiative, published a study, 

“Complex Ecotype Dynamics Evolve in 

Response to Fluctuating Resources” in the 

journal mBio. The study explores the effects 

of feast and famine cycles within groups of 

the intestine-dwelling bacteria E. coli. The 

work was a collaborative effort between the 

Behringer  lab and Wei-Chin Ho,  a 

postdoctoral researcher at Arizona State 

University. Behringer and Ho set out to test 

this cooperation in E. coli under feast and 

famine conditions. They set up the bacteria 

with a broth medium to grow in. After 10 

days, the bacteria were transferred to new 

broth medium. The bacteria used up most of 

the resources within the new broth after about 

one day. “E. coli grow very quickly and can 

exhaust their preferred nutrients within a day, 

so if we are transferring the cells every 10 

days like in this experiment, they will spend 

the  next  n ine  days  scavenging for 

nutrients—including cannibalizing other E. 

coli that don't survive the harsh, nutrient-

limited conditions,” Behringer said. Every 

100 days for 900 days total, Behringer and Ho 

sequenced the bacterial genomes. After nine 

genome sequencing t imepoints ,  the 

researchers confirmed that though the 

bacteria started as a group of highly similar 

individuals, they quickly evolved into two 

specialized kinds, or ecotypes. One ecotype 

spent energy gathering iron from the 

environment but did not put much energy into 

producing fatty acids. The other ecotype did 

not gather iron efficiently but did well 

producing fatty acids. 

While we know that cooperative interactions 

occur in our guts and in the wild, we know less 

about how these interactions arise. To date, 

most of the study of cross-feeding in the lab 

has focused on microbes that have been 

engineered to cooperate or where the 

interaction has evolved in the lab, but it's one-

sided (A feeds B, but B doesn't feed A), 

Behringer said. In this study we found that 

through repeated cycles of feast and famine, 

bacteria can evolve what appears to be 

bidirectional cross-feeding (A feeds B, and B 

feeds A). This is exciting because until now 

evolution has trouble explaining this type of 

efficient cooperation. Feast and famine are 

very natural fluctuations for bacteria. “Our 

results [show that] mutualistic behaviors and 

populational structures can emerge even 

within a single species,” Ho said. “The results 

from our experiment will serve as a good 

model for the evolutionary study of mutu-

alism.” In biology, mutualism acknowledges 

the interaction between at least two species, 

where each contributes to a net benefit for the 

interacting species. 

Source: Vanderbilt University news release
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Neuroscience

Study identifies how the brain links memories

Our brains rarely record single memories. 

Instead, they store memories in groups so that 

the recollection of one significant memory 

triggers the recall of others that are connected 

chronologically. As we age, however, our 

brains gradually lose this ability to link related 

memories.  Now, UCLA researchers have 

discovered a key molecular mechanism 

behind this memory linking. They've also 

identified a way to restore this brain function 

genetically in aging mice — and an FDA-

approved drug that achieves the same thing. 

Published in the journal Nature, the findings 

suggest a new method for strengthening 

human memory in middle age and a possible 

early intervention for dementia. “Our 

memories are a huge part of who we are,” said 

Alcino Silva, an author of the research and a 

distinguished professor of neurobiology and 

psychiatry at the David Geffen School of 

Medicine at UCLA. “The ability to link 

related experiences teaches us how to stay safe 

and operate successfully in the world.” The 

UCLA team focused on a gene that encodes a 

receptor for CCR5 molecules. As people age, 

the amount of CCR5 expressed in the brain 

rises, and, as Silva's lab has demonstrated in 

earlier research, increased CCR5 gene 

expression reduces memory recall.

In the current study, Silva and his colleagues 

discovered a key mechanism underlying 

mice's ability to link memories of their 

experiences in two different cages. A tiny 

microscope opened a window into the 

animals' brains, enabling the scientists to 

observe neurons firing and creating new 

memories. They found that boosting CCR5 

gene expression in the brains of mice 

interfered with memory linking. The animals 

forgot the connection between the two cages. 

But when the scientists deleted the CCR5 gene 

in the animals, the mice were able to link 

memories that normal mice could not. Silva 

had previously studied the drug maraviroc, 

which the U.S. Food and Drug Administration 

approved in 2007 for the treatment of HIV 

infection. His lab found that maraviroc also 

suppressed CCR5 in the brains of mice. 

“When we gave maraviroc to older mice, the 

drug duplicated the effect of genetically 

deleting CCR5 from their DNA,” said Silva, 

who is also a member of the UCLA Brain 

Research Institute. “The older animals were 

able to link memories again.” The finding 

suggests that beyond reversing the cognitive 

deficits caused by HIV infection, maraviroc 

can also be used to help restore middle-aged 

memory loss.

Source: UCLA news release

Neuroscience

Bat brains organized for echolocation and flight

A new study shows how the brains of 

Egyptian fruit bats are highly specialized for 

echolocation and flight, with motor areas of 

the cerebral cortex that are dedicated to sonar 

production and wing control. The work was 

published in the journal Current Biology. 

Professor Leah Krubitzer's lab at the UC 

Davis Center for Neuroscience studies how 

evolution produces variation in brain org-

anization across a wide variety of mammals, 

including opossums, tree shrews, rodents and 

primates. This is the first time the full motor 

cortex of any bat has been mapped, said first 

author Andrew Halley. The researchers used 

electrodes to stimulate different areas of the 

motor cortex in anesthetized bats to determine 

muscle and limb movements produced from 

stimulation. While classic theories of motor 

cortex organization assume individual 

muscles are represented in motor cortex, the 

new study found evidence for complex 

movements across diverse body regions. 

“What we have found instead is that brain 

areas represent common synergies of 

muscles, rather than individual muscles,” 

Krubitzer said.

The Egyptian fruit bat (Rousettus aegy-

ptiacus) is unusual among bats because it 

echolocates using its tongue, rather than its 

larynx (the latter being the method used by 

most echolocating bats). Egyptian fruit bats 

are known to have precise motor control of 

their tongue and are able to aim sonar beams 

in different directions simply by manipulating 

their tongues within their mouths, without 

moving their heads. Correspondingly, the 

animal's motor cortex has an unusually large 

region that represents movements of the 

tongue, Halley said. More than 40% of the 

sensory and motor cortex that was stimulated 

produced tongue movements — far more than 

in other species that have been studied, such as 

primates and rodents. A bat's wing is composed 

of membranes that spread across the “fingers” 

of its forelimb and back to its hindlimb and tail. 

Movement of any of these body parts can affect 

the shape of the wing and change the path of 

flight. The researchers found that few areas of 

motor cortex represented forelimb movement 

alone. Instead, the vast majority of cortex 

represented synergistic shoulder and hindlimb 

movements. This reflects the fact that when 

these bats fly, the power for wing movement 

comes from shoulder muscles, while the fine 

adjustments needed for flying come from 

coordinated movements of shoulder and 

hindl imb muscles .  Looking a t  bra in 

organization in a wide variety of mammals 

helps us better understand our own brains, 

Krubitzer said.

Source: University of California, Davis news 

release
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Neuroscience

Scientists find brain mechanism tied to age-related memory loss
Working with rats, neuroscientists at Johns 

Hopkins University have pinpointed a 

mechanism in the brain responsible for a 

common type of age-related memory loss. 

The work, published in Current Biology, 

sheds light on the workings of aging brains 

and may deepen our understanding of 

Alzheimer's disease and similar disorders in 

humans. "We're trying to understand normal 

memory and why a part of the brain called the 

hippocampus is so critical for normal 

memory," said senior author James Knierim. 

In normal brains, pattern separation and 

pattern completion work hand-in-hand to sort 

and make sense of  percept ions  and 

experiences, from the most basic to the highly 

complex. If you visit a restaurant with your 

family and a month later you visit the same 

restaurant with friends, you should be able to 

recognize that it was the same restaurant, even 

though some details have changed—this is 

pattern completion. But you also need to 

remember which conversation happened 

when, so you do not confuse the two 

experiences—this is pattern separation. When 

those functions swing out of balance, memory 

becomes impaired, causing symptoms like 

forgetfulness or repeating oneself. The Johns 

Hopkins team discovered that as the brain 

ages, this imbalance may be caused by the 

CA3 gradient disappearing; the pattern 

separation function fades away, and the 

pattern completion function takes over.

Neurons responsible for pattern separation are 

typically more prevalent in the proximal 

region of the CA3 area, while those 

responsible for pattern completion are 

prevalent in the distal region, said lead author 

Heekyung Lee. With aging, neural activity in 

the proximal region becomes overactive, and 

the interplay between the two regions 

becomes abnormal, creating a dominance in 

pattern completion. When pattern separation 

disappears, pattern completion overpowers the 

process. "We all make these mistakes, but they 

just tend to get worse with aging," Knierim 

said. In experiments, the researchers 

compared young rats with unimpaired 

memories to two groups of older rats: one 

group with unimpaired memories and one 

group with impaired memories. While the 

older rats with unimpaired memories 

performed water maze tasks as well as young 

rats, the neurons in the CA3 regions of their 

hippocampi were already beginning to favor 

pattern completion at the expense of pattern 

separation. Since that physiological finding 

had not shown up in their behavior, the 

researchers concluded that something was 

allowing the rats to compensate for the deficit. 

That finding is echoed in humans who remain 

surprisingly sharp into their older years, the 

researchers say. So pinpointing the memory 

loss mechanism could lay the groundwork for 

learning what prevents memory impairment in 

some humans, and therefore how to prevent or 

delay cognitive decline in the elderly.

Source: Johns Hopkins news release. Author: 

Rachel Wallach 

Neuroscience

Study explains how the brain responds to infection

In a study published in Nature, a Harvard 

research team from the labs of Catherine 

Dulac and Xiaowei Zhuang describe finding a 

small group of neurons near the base of the 

brain that can induce symptoms of sickness, 

including fever and appetite loss. The 

neurons, which have not been described 

previously, are found in the hypothalamus, 

which controls key homeostatic functions that 

keep the body in a balanced, healthy state. The 

researchers discovered receptors in the 

neurons that are capable of detecting 

molecular signals coming from the immune 

system, an ability most neurons don't have. “It 

was important for us to establish this general 

principle that the brain can even sense these 

immune states,” said Jessica Osterhout, a 

postdoctoral researcher in the Dulac Lab and 

the study's lead author. “This was poorly 

understood before.”

The researchers found that the key area of the 

hypothalamus is right next to the permeable 

blood-brain barrier, which helps circulates 

blood to the brain. “What's happening is that 

the cells of the blood-brain barrier that are in 

contact with the blood and with the peripheral 

immune system get activated and these non-

neuronal cells secrete cytokines and 

chemokines that, in turn, activate the 

population of neurons that we found,” said 

Dulac, Lee and Ezpeleta Professor of Arts and 

Sciences and Higgins Professor of Molecular 

and Cellular Biology.

The hope is that scientists can one day apply 

the research to humans, reversing the process 

when it becomes a health threat.

The work started as an effort to examine the 

“fever  effect”  in  aut ism pat ients ,  a 

phenomenon in which autism symptoms fade 

as a patient experiences symptoms of 

infection. The goal was to find the neurons 

that generate fever and link them to the 

neurons that are involved with social 

behavior. Instead, Osterhout found many 

populations of neurons that are activated when 

an animal is sick. She zeroed in on about 1,000 

neurons in the ventral medial preoptic region 

of the hypothalamus because of their 

proximity to the blood-brain barrier. Osterhout 

injected the mice with pro-inflammatory 

agents that mimic bacterial or viral infection. 

She analyzed the areas that lit up in the brain 

scans, and then used a powerful and precise set 

of methods, chemogenetics and optogenetics, 

to control and investigate the connectivity 

among the different neuronal populations. 

Using these tools, the researchers were able to 

activate or silence the neurons in command in 

the brains of mice and pin down their function 

by seeing what happened. This suggests that 

the brain and the immune system were 

communicating with each other through 

paracrine signaling at the ventral medial 

preoptic area and the blood-brain barrier right 

next to it. Paracrine signaling is when cells 

produce a signal to trigger changes in nearby 

cells. Osterhout said the process expanded her 

understanding of how neurons work.

Source: Harvard University news release.
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Plant Science

A plant virus that protects its host from being eaten by rabbits

The gut microbiome has made a huge splash in 

human health with numerous products 

popping up promising vast benefits to 

everything from a healthy digestive system to 

better mood regulation. But humans aren't the 

only ones partnering up with viruses, bacteria 

and fungi. While we often think of viruses as 

pathogens,” said Malmstrom, who is also an 

MSU  faculty member, “the AgBioResearch

majority of plant viruses are not super 

pathogenic, but we notice the ones that are 

pathogenic because they can affect crop 

production” and thereby human health. Plant 

viruses can change the way plant genes are 

expressed and alter the chemistry within the 

host, which can affect the way insects and 

other herbivores interact with plants. A 

notable example published in the journal 

Intervirology describes a plant virus that 

protects its host from being eaten by rabbits by 

altering the plant's chemistry in a way that 

makes it taste much less appetizing. 

Kadeem Gilbert, an assistant professor of 

plant biology at MSU's W.K. Kellogg 

Biological Station, studies the way plants 

alter their physical traits and consequently 

change their microbiomes. Much of his 

previous work has been done on carnivorous 

pitcher plants. These plants have modified 

leaves shaped like a pitcher filled with a liquid 

the plant produces that digests insects that fall 

inside. Gilbert described the inside of the 

pitcher as “a small aquatic ecosystem,” 

hosting entire communities of microbes and 

even some animals, like mosquitoes, who lay 

their eggs in the liquid. Characteristics of the 

pitcher liquid, like the pH, color, and 

viscosity, are different for different species of 

pitcher plants, which changes what microbes 

and insects are able to live inside. Gilbert uses 

this set-up to “directly test larger ecological 

patterns in microbes co-existing with 

multicellular organisms and insects in a 

microenvironment.” And he has done just that, 

sampling and testing pitchers at different 

elevations to see if microbes decrease in 

abundance at higher elevations; a common 

pattern seen in plants and animals. It turns out 

not all microbes respond the same way. “With 

bacteria you don't see community structuring 

by elevation; the pH of the microenvironment 

(the pitcher) is more important,” Gilbert said. 

However, Gilbert did find that the algae, fungi, 

and insects living inside the pitchers were less 

abundant at higher elevations, following the 

expected pattern. Gilbert is now looking into 

how other types of plants regulate the pH of 

their leaf surfaces to understand how a host can 

promote helpful microbe growth and avoid 

harmful ones.

Source: Michigan State University news 

release

Plant Science

Altered gene helps plants absorb more carbon dioxide

Every day, plants around the world perform an 

invisible miracle. They take carbon dioxide 

from the air and, with the help of sunlight, turn 

it into countless chemicals essential to both 

plants and humans. Some of these chemicals, 

known as aromatic compounds, are the 

starting material for a wealth of useful 

medications, such as aspirin and morphine. In 

new work, scientists at the University of 

Wisconsin–Madison identified a way to 

release the brakes on plants' production of 

aromatic amino acids by changing, or 

mutating, one set of genes. The genetic 

change also caused the plants to absorb 30% 

more carbon dioxide than normal, without any 

ill effect on the plants. If scientists could add a 

trait like this to crops or drug-producing 

plants, it could help them produce more 

chemicals  natura l ly  whi le  reducing 

greenhouse gases in the atmosphere. “We've 

long been interested in this aromatic amino 

acid pathway because it's one of the major 

plant pathways that transform carbon fixed by 

photosynthesis into medicines, food, fuels, 

and materials,” says Hiroshi Maeda, a 

UW–Madison professor of botany who led the 

new research. “Now for the first time, we've 

discovered how to regulate the key control 

knob plants use to turn up production of this 

pathway.”

Maeda and his team, led by postdoctoral 

researchers Ryo Yokoyama and Marcos 

Vinicius Viana de Oliveira, published their 

findings in the journal Science Advances. 

Normally,  plants  t ightly control  the 

production of aromatic amino acids by 

building in natural brakes to the process. 

When plants have produced enough amino 

acids, the whole system grinds to a halt. The 

mutated plants Maeda's team discovered using 

the model plant Arabidopsis have much less 

sensitive brakes thanks to mutations in a gene 

called DHS, which starts the production of 

aromatic amino acids. The upshot is the plant 

doesn't know when to stop and keeps churning 

out these compounds. The scientists were 

surprised to discover that the plants put 

photosynthesis into overdrive, taking in 

significantly more carbon dioxide into the 

plant to fuel this new production boom. “We 

think that the increased photosynthesis does 

two things. One is to provide additional energy 

to operate this energetically expensive 

pathway. The second is to supply more carbon 

building blocks to make energetically dense 

aromatic chemicals,” says Maeda. Some of 

these energy dense compounds, like lignin, 

find their way into the cell wall, where they 

make useful biofuel fodder.

Source: University of Wisconsin–Madison 

news release
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Chemical Engineering

Ultrathin fuel cell uses the body's own sugar to generate electricity

Engineers at MIT and the Technical 

University of Munich have designed a new 

kind of glucose fuel cell that converts glucose 

directly into electricity. The device is smaller 

than other proposed glucose fuel cells, 

measuring just 400 nanometers thick, or about 

1/100 the diameter of a human hair. The 

sugary power source generates about 43 

microwatts per square centimeter of 

electricity, achieving the highest power 

density of any glucose fuel cell to date under 

ambient conditions. The new device is also 

resilient, able to withstand temperatures up to 

600 degrees Celsius. If incorporated into a 

medical implant, the fuel cell could remain 

stable through the high-temperature 

sterilization process required for all 

implantable devices. The heart of the new 

device is made from ceramic, a material that 

retains its electrochemical properties even at 

high temperatures and miniature scales. The 

researchers envision the new design could be 

made into ultrathin films or coatings and 

wrapped around implants to passively power 

electronics, using the body's abundant 

glucose supply.

“Glucose is everywhere in the body, and the 

idea is to harvest this readily available energy 

and use it to power implantable devices,” says 

Philipp Simons, who developed the design. 

“In our work we show a new glucose fuel cell 

electrochemistry.” “Instead of using a battery, 

which can take up 90 percent of an implant's 

volume, you could make a device with a thin 

film, and you'd have a power source with no 

volumetric footprint,” says Jennifer L.M. 

Rupp, the lead researcher. Simons and his 

colleagues detail their design in the journal 

Advanced Materials. Co-authors of the study 

include Rupp, Steven Schenk, Marco Gysel, 

and Lorenz Olbrich. The researchers designed 

a glucose fuel cell with an electrolyte made 

from ceria, a ceramic material that possesses 

high ion conductivity, is mechanically robust, 

and as such, is widely used as an electrolyte in 

hydrogen fuel cells. It has also been shown to 

be biocompatible. “It is the first time that 

proton conduction in electroceramic materials 

can be used for glucose-to-power conversion, 

defining a new type of electrochemstry,” Rupp 

says. “It extends the material use-cases from 

hydrogen fuel cells to new, exciting glucose-

conversion modes.” The researchers “have 

opened a new route to miniature power sources 

for implanted sensors and maybe other 

functions,” says Truls Norby, a professor of 

chemistry at the University of Oslo in Norway, 

who did not contribute to the work. 

Source: MIT News release

Material Science

Researchers invent chameleon metal that acts like many others

The first-of-its-kind device, called a 

“catalytic condenser,” is poised to break 

long-standing barriers in the renewable 

energy field. University of Minnesota 

researchers believe the ground breaking 

invention could significantly advance 

technology for storing renewable energy, 

making renewable fuels and manufacturing 

sustainable materials, all while reducing 

reliance on limited supplies of precious 

metals. The research is published in the 

journal JACS Au. Catalytic converters, along 

with dozens of other products many of us use 

every day, continue to rely on material and 

chemical processing that haven't changed in 

more than a century. Many of these materials, 

such as precious metals ruthenium, platinum, 

rhodium and palladium, have unique 

electronic surface properties. They can act as 

both metals and metal oxides, making them 

critical for controlling chemical reactions. 

This new device electronically converts one 

metal into behaving like another to use as a 

catalyst for speeding chemical reactions. It is 

the first to demonstrate that alternative 

materials that are electronically modified to 

provide new properties can yield faster, more 

eff ic ient  chemical  process ing.  This 

breakthrough opens the door for new catalytic 

technologies using non-precious metal 

catalysts.

In order to develop this method for tuning the 

catalytic properties of alternative materials, 

the researchers relied on their knowledge of 

how electrons behave at surfaces. The team 

successfully tested a theory that adding and 

removing electrons to one material could turn 

the metal oxide into something that mimicked 

the properties of another. “Atoms really do not 

want to change their number of electrons, but 

we invented the catalytic condenser device 

that allows us to tune the number of electrons 

at the surface of the catalyst,” said Paul 

Dauenhauer, a MacArthur Fellow and 

professor of chemical engineering and 

materials science at the University of 

Minnesota who led the research team. “This 

opens up an entirely new opportunity for 

controlling chemistry and making abundant 

materials act like precious materials.” The 

catalytic condenser device uses a combination 

of nanometer films to move and stabilize 

electrons at the surface of the catalyst. This 

design has the unique mechanism of 

combining metals and metal oxides with 

graphene to enable fast electron flow with 

surfaces that are tunable for chemistry. “We 

view the catalytic condenser as a platform 

technology that can be implemented across a 

host of manufacturing applications,” said Dan 

Frisbie, a research team member. “The core 

design insights and novel components can be 

modified to almost any chemistry we can 

imagine.”

Source: University of Minnesota news release
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Material Science

Scientists create long-hypothesized 'next generation wonder material' 

For over a decade, scientists have attempted to 

synthesize a new form of carbon called 

graphyne with limited success. That endeavor 

is now at an end, though, thanks to new 

research from the University of Colorado 

Boulder. Graphyne has long been of interest to 

scientists because of its similarities to the 

“wonder material” graphene—another form 

of carbon that is highly valued by industry 

whose research was even awarded the Nobel 

Prize in Physics in 2010. However, despite 

decades of work and theorizing, only a few 

fragments have ever been created before now. 

This research, announced in the journal 

Nature Synthesis, fills a longstanding gap in 

carbon material science, potentially opening 

brand-new possibilities for electronics, optics 

and semiconducting material research. “The 

whole audience, the whole field, is really 

excited that this long-standing problem, or 

this imaginary material, is finally getting 

realized,” said Yiming Hu, the lead author on 

the paper.

Scientists have long been interested in the 

construction of new or novel carbon 

allotropes, or forms of carbon, because of 

carbon's usefulness to industry, as well as its 

versatility. There are different ways carbon 

allotropes can be constructed depending on 

how hybrids of carbon, denoted as sp2, sp3 

and sp hybridized carbon (or the different 

ways carbon atoms can bind to other 

elements), and their corresponding bonds, are 

utilized. The most well-known carbon 

allotropes are graphite (used in tools like 

pencils and batteries) and diamonds, which 

are created out of sp2 carbon and sp3 carbon, 

respectively. Using traditional chemistry 

methods, scientists have successfully created 

various allotropes over the years, including 

fullerene (whose discovery won the Nobel 

Prize in Chemistry in 1996) and graphene. But 

it was also that need for the non-traditional that 

led those in the field to reach out to Wei 

Zhang's lab group at CU Boulder.

Creating graphyne is a “really old, long-

standing question, but since the synthetic tools 

were limited, the interest went down,” Hu, 

who was a PhD student in Zhang's lab group, 

commented. “We brought out the problem 

again and used a new tool to solve an old 

problem that is really important.” Using a 

process called alkyne metathesis as well as 

thermodynamics and kinetic control, the group 

was able to successfully create what had never 

been created before: A material that could rival 

the conductivity of graphene but with control.

Source: CU Boulder news release

Material Science

Smart material which responds to light stimulus

Scientists have developed a smart material 

which responds to light stimulus easily by 

converting light into thermal energy. This can 

be helpful for harnessing solar energy for 

applications in soft robotics and micro-

electromechanical systems (MEMS) devices. 

Many smart materials have successfully 

replicated stimuli-responsive behavior seen in 

abundance in nature like in Venus flytrap, pine 

cone, leaf of Mimosa pudica ('touch me not' 

plant), or a sunflower always trying to face the 

Sun. Venus flytrap closes its ciliated leaves 

when prey is in the vicinity. Liquid crystal 

polymer networks (LCNs) is one of such 

smart material. On application of heat, a 

uniformly aligned LCN film undergoes a 

reversible 2- or 3-dimensional shape change 

caused by the LC- liquid phase transition. By 

manipulating the average orientation of the 

rod-shaped LC molecules, various shape 

deformations like bending, curling, and even 

the formation of spiral ribbons have been 

attained in the past.

However, previously known devices needed 

additional layers to the photo-responding film 

to achieve bi-directional actuationconverting 

external energy to motion. As a solution to this 

problem, in a collaborative study, researchers 

at the Centre for Nano and Soft Matter 

Sciences (CeNS), Bengaluru, an autonomous 

institute of the Department of Science and 

Technology (DST), and the Department of 

Mechanical Engineering, IIT Madras, have 

fabricated spatially splay-deformed (spread 

out) LCN films, by crosslinking a mixture of 

mono-functional and bi-functional liquid 

crystal mesogens (a chemical compound). The 

two types of liquid crystal mesogens comprise 

one and two molecular units to absorb light, 

respectively, and incorporate near-infra-red 

(NIR)-active dye into the system. The NIR 

laser beam impinging on the film causes a 

significant rise in the local temperature, and 

the ensuing order-disorder transition leads to a 

change in the macroscopic shape or, in other 

words, thermo-mechanical actuation. The 

research has been published in the journal Soft 

Matter.

Dr. Divya Jayoti (currently at IIT Madras) and 

Prof. S. Krishna Prasad opined that large, fast, 

and bidirectional actuation could be achieved 

by carefully tuning the film's geometric and 

material parameters. Dr. Ratna Kumar 

Annabattula and Mr. Akhil R. Peeketi at IIT 

Madras performed modelling and simulation 

of the thermal actuation. A further extension of 

the work demonstrated that the films also 

perform exceptionally well under solar 

stimulation, suggesting that they could be 

employed to harness solar energy for 

applications in soft robotics and MEMS 

devices.

Source: PIB
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Material Science

Quantum sensor that can simultaneously detect light intensity, 
polarization and wavelength

A team of researchers has built an intelligent 

sensor – the size of about 1/1000 of the cross-

section of a human hair – that can simult-

aneously detect the intensity, polarization and 

wavelength of light, tapping into the quantum 

properties of electrons. It's a breakthrough that 

could help advance the fields of astronomy, 

health care, and remote sensing. Led by 

Fengnian Xia, the Barton L. Weller Associate 

Professor in Engineering and Science at Yale 

and Fan Zhang, Associate Professor of 

Physics at University of Texas at Dallas, the 

results are published in the journal Nature. 

Researchers have learned in recent years that 

twisting certain materials at specific angles 

can form what are known as “moiré 

materials,” which elicit previously undis-

covered properties. In this case, the research 

team used twisted double bilayer graphene 

(TDBG) - that is, two atomic layers of natural 

stacked carbon atoms given a slight rotational 

twist - to build their sensing device. This is 

critical because the twist reduces the crystal 

symmetry, and materials with atomic 

structures that are less symmetrical - in many 

cases - promise some intriguing physical 

properties that aren't found in those with 

greater symmetry.

With this device, the researchers were able to 

detect a strong presence of what is known as 

bulk photovoltaic effect (BPVE), a process 

that converts light into electricity, giving a 

response strongly dependent on the light 

intensity, polarization and wavelength. The 

researchers found that the BPVE in TDBG 

can further be tuned by external electrical 

means, which allowed them to create “2D 

fingerprints” of the photovoltages for each 

different incident light. Shaofan Yuan, a 

graduate student in Xia's lab and co-lead 

author of the study, had the idea to apply a 

convolutional neural network (CNN), a type 

of artificial neural network previously used for 

image recognition, to decipher these 

fingerprints. From there, they were able to 

demonstrate an intelligent photodetector. Its 

small size makes it potentially valuable for 

applications such as deep space exploration, 

in-situ medical tests and remote sensing on 

autonomous vehicles or aircrafts. Moreover, 

their work reveals a new pathway for the 

investigation of nonlinear optics based on 

moiré materials. “Ideally, one single 

intelligent device can replace several bulky, 

complex and expensive optical elements that 

are used to capture the information of light, 

dramatically saving space and cost,” said Chao 

Ma, a graduate student in Xia's lab, and co-lead 

author of the study.

Source: Yale University news release

Astronomy

Binary super massive black hole system discovered

Blazars which are super massive black holes 

(SMBH) feeding on gas in the heart of a very 

distant galaxy, are among the most luminous 

and energetic objects in the Universe. When 

the jet, composed of ionized matter traveling 

at nearly the speed of light, is pointed towards 

an observer, it is called a blazar. The blazar AO 

0235+164 is unique as it is gravitationally 

lensed by intervening galaxies (phenomenon 

by which light shining from far away to be 

bent and pulled by the gravity of an object 

between its source and the observer).

A group of astronomers from Argentina, 

Spain, Italy, USA and India has discovered a 

binary super massive black hole system in the 

gravitationally lensed blazar AO 0235+164 

using extensive optical photometric obser-

vations carried out around the globe during 

last 4 decades (1982 - 2019). They discovered 

periodic double-peaked flaring events at an 

interval of around 8 years, and the separations 

between two peaks of these flares are around 2 

years. Five such periodic patterns were 

detected, and it was predicted that the next 

such flaring event will occur between 

November 2022 and May 2025. To confirm 

the next periodic pattern, a global optical 

photometric monitoring campaign has been 

initiated under WEBT (Whole Earth Blazar 

Telescope) consortium. The observational 

campaign will be led by Dr. Alok C. Gupta.

Dr. Alok C. Gupta, Senior Scientist from 

Aryabhatta Research Institute of Obser-

vational Sciences (ARIES), Nainital, an 

autonomous institution of the Department of 

Science and Technology (DST), Government 

of India, has participated in this study which 

has been recently published in the journal 

Monthly Notices of the Royal Astronomical 

Society (MNRAS). The study was led by Mr. 

Abhradeep Roy, a Ph.D. student of the 

Department of High Energy Physics (DHEP), 

Tata Institute of Fundamental Research 

(TIFR), Mumbai. The other members of the 

Indian team include Prof. V. R. Chitnis, Dr. 

Anshu Chatterjee and Dr. Arkadipta Sarkar 

from TIFR, Mumbai.

The team detected five sets of double-peaked 

flaring activities during time ranges --- January 

1982 - October 1984, March 1989 - July 1993, 

April 1996 - March 2001, June 2006 - June 

2009 and May 2014 - May 2017. They expect  

the next such 2 years long flaring episode to 

happen between November 2022 and May 

2025. An intensive multi-wavelength WEBT 

campaign will be conducted during this period 

to test the persistence of this apparent nearly-

periodic oscillation (QPO) in AO 0235+164. 

The blazar AO 0235+164 is the first binary 

SMBH gravitationally lensed system, which 

will be a strong candidate of its kind for future 

detection of gravitational waves (GWs) using 

the pulsar timing array and future space-based 

GW detectors. 

Source: PIB
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Astronomy

Planets of binary stars: Targets in the search for alien life

New research from Denmark and the 

University of Michigan indicates that 

planetary systems are formed in a very 

different way around binary stars—two stars 

gravitationally bound to each other—than 

around single stars such as the sun. The 

researchers began observing the binary star 

system NGC 1333-IRAS2A in an attempt to 

understand the fundamental aspects of the 

births of stars and planetary systems, says 

study co-author Edwin Bergin. Jes Kristian 

Jørgensen, the principal investigator of the 

study, says the result can also help aid in the 

search for extraterrestrial life. The results 

from the project, which also has participation 

of astronomers from Taiwan, are published in 

Nature.

The team used observation time on the ALMA 

telescopes in Chile to observe the binary star 

system NGC 1333-IRAS2A in the Perseus 

molecular cloud. The distance from Earth to 

the binary star is about 1,000 light-years, 

which is quite a short distance in an 

astronomical context. Formed some 10,000 

years ago, it is a very young star. The two stars 

of the binary system are 200 astronomical 

units apart. An AU equals the distance from 

Earth to the sun. In comparison, the furthest 

planet of the solar system, Neptune, is 30 AU 

from the sun.

The binary star is surrounded by a disc 

consisting of gas and dust. Some of this 

material is moving away from us, while other 

material is approaching. The observations can 

only provide researchers with a snapshot from 

a point in the evolution of NGC 1333-

IRAS2A. However, the team has comple-

mented the observations with computer 

simulations reaching both backward and 

forward in time.

“The observations allow us to zoom in on the 

stars and study how dust and gas move toward 

the disk. The simulations will tell us which 

physics is at play and how the stars have 

evolved up till the snapshot we observe and 

their future evolution,” said Rajika Kuruwita, 

a postdoctoral researcher at the Niels Bohr 

Institute.

“The binary is clearly influencing the 

evolution of the disk of material around the 

main system. And that suggests, since most 

stars form as binaries, that the binary will 

influence the ultimate composition of planets 

that are born,” Bergin said. “Is it any different 

if you were born as a single star? We don't 

know that. We have observed that most stars 

are born in binaries but many of these binaries 

drift apart over time.  

Source: University of Michigan news release

Earth Science

Tectonic linkage in the northeast edge of the Indian plate is attributed 
to great Assam Earthquake

Researchers have traced the great Assam 

Earthquake to complex tectonics of the North-

eastern fringe of the Indian Plate in the Eastern 

Himalaya and the Indo-Burma Ranges (IBR) 

and the interactions between the two, which 

can produce deeper earthquakes in IBR and 

crustal ones in the Eastern Himalaya. They 

have suggested that this seismic structure 

forms a complex tectonics which produced the 

great Assam earthquake of 1950 (M 8.6) and 

maybe building up stress for a future 

earthquake.  –The Great Assam Earthquake is 

the largest intra-continental earthquake ever 

recorded, which was located at the India-

China border near the Mishmi Hills of 

Arunachal Himalaya. The Eastern Himalayan 

Syntaxis (EHS) in Arunachal Pradesh and 

bordering regions of Assam is acknowledged 

as one of the most seismically active regions in 

the world. The northeast corner of the Indian 

Plate in the EHS belongs to the seismic zone V 

of the national zoning map of India and does 

have a potential to trigger major earthquakes 

in the future. In contrast to several studies 

carried out in the EHS and adjoining SE 

Tibetan plateau, extremely less studies have 

been done in the north-eastern fringe of the 

Indian Plate in the Eastern Himalayan 

Syntaxis (Tidding-Tuting Suture, TTSZ) for 

understanding seismogenesis and its tectonic 

linkage. After the 1950 great Assam 

earthquake, the region between the upper 

Assam and the Mishmi Block is not producing 

any large earthquakes and is considered as a 

seismic gap region. A previous study has 

suggested a locked zone in the Mishmi Thrust 

(MT) zone, which may suggest building up of 

stress for a future earthquake.

Moderate magnitude earthquakes in the 

region are rarely reported by global seis-

mological networks. To obtain information of 

moderate and microearthquakes, the Wadia 

Institute of Himalayan Geology, Dehradun, 

an autonomous institute of the Department of 

Science and Technology, established 11 

broadband seismological stations in the Lohit 

Valley and 8 stations in the Siang Window of 

Arunachal Himalaya. The study published in 

Tectonophysics Journal reveals that the TTSZ 

is seismically active up to around 40 km depth. 

In contrast, the seismicity in the Indo-Burma 

Ranges (IBR) is observed up to a depth of 

around 200 km suggesting the active 

subduction process of the Indian plate beneath 

the IBR. It suggests that the IBR is more 

susceptible to deeper earthquakes, while 

crustal-scale earthquakes are more likely to 

occur in the TTSZ. This research suggests that 

the subduction process terminates north of 
0around 27  N Latitude and the indentation 

process of the rigid Indian plate into south-east 

Asia predominantly controls the seismicity 

north of the IBR.

Source: PIB
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Scientists 'see' puzzling features deep in Earth's interior

New research led by the University of 

Cambridge is the first to obtain a detailed 

'image' of an unusual pocket of rock at the 

boundary layer with Earth's core, some three 

thousand kilometres beneath the surface. The 

enigmatic area of rock, which is located 

almost directly beneath the Hawaiian Islands, 

is one of several ultra-low velocity zones – so-

called because earthquake waves slow to a 

crawl as they pass through them. The research, 

published in Nature Communications, is the 

first to reveal the complex internal variability 

of one of these pockets in detail, shedding 

light on the landscape of Earth's deep interior 

and the processes operating within it. “Of all 

Earth's deep interior features, these are the 

most fascinating and complex. We've now got 

the first solid evidence to show their internal 

structure - it's a real milestone in deep earth 

seismology,” said lead author Zhi Li, PhD 

student at Cambridge's Department of Earth 

Sciences.

The researchers used the latest numerical 

modelling methods to reveal kilometre-scale 

structures at the core-mantle boundary. 

According to co-author Dr Kuangdai Leng, 

“We are really pushing the limits of modern 

high-performance computing for elasto-

dynamic simulations, taking advantage of 

wave symmetries unnoticed or unused 

before.” The researchers observed a 40% 

reduction in the speed of seismic waves 

travelling at the base of the ultra-low velocity 

zone beneath Hawaii. This supports existing 

proposals that the zone contains much more 

iron than the surrounding rocks – meaning it is 

denser and more sluggish. “It's possible that 

this iron-rich material is a remnant of ancient 

rocks from Earth's early history or even that 

iron might be leaking from the core by an 

unknown means,” said project lead Dr Sanne 

Cottaar from Cambridge Earth Sciences.

The research could also help scientists 

understand what sits beneath and gives rise to 

volcanic chains like the Hawaiian Islands. 

Scientists have started to notice a correlation 

between the location of the descriptively-

named hotspot volcanoes, which include 

Hawaii and Iceland, and the ultra-low velocity 

zones at the base of the mantle. The origin of 

hotspot volcanoes has been debated, but the 

most popular theory suggests that plume-like 

structures bring hot mantle material all the way 

from the core-mantle boundary to the surface. 

The team's observations add to a growing body 

of evidence that Earth's deep interior is just as 

variable as its surface. 

Source: University of Cambridge news release

Artificial intelligence

A chip that can classify nearly two billion images per second

Artificial intelligence (AI) plays an important 

role in many systems, from predictive text to 

medical diagnoses. Inspired by the human 

brain, many AI systems are implemented 

based on artificial neural networks, where 

electrical equivalents of biological neurons 

are interconnected, trained with a set of known 

data, such as images, and then used to 

recognize or classify new data points. In 

traditional neural networks used for image 

recognition, the image of the target object is 

first formed on an image sensor, such as the 

digital camera in a smart phone. Then, the 

image sensor converts light into electrical 

signals, and ultimately into the binary data, 

which can then be processed, analyzed, stored, 

and classified using computer chips. Speeding 

up these abilities is key to improving any 

number of applications, such as face 

recognition, automatically detecting text in 

photos, or helping self-driving cars recognize 

obstacles.

While current, consumer-grade image 

classification technology on a digital chip can 

perform billions of computations per second, 

making it fast enough for most applications, 

more sophisticated image classification such 

as identifying moving objects, 3D object 

identification, or classification of micro-

scopic cells in the body, are pushing the 

computational limits of even the most 

powerful technology. The current speed limit 

of these technologies is set by the clock-based 

schedule of computation steps in a computer 

processor, where computations occur one 

after another on a linear schedule.

To address this limitation, Penn Engineers 

have created the first scalable chip that 

classifies and recognizes images almost 

instantaneously. Firooz Aflatouni, associate 

professor in electrical and systems engin-

eering, along with postdoctoral fellow Farshid 

Ashtiani and graduate student Alexander J. 

Geers, have removed the four main time-

consuming culprits in the traditional computer 

chip: the conversion of optical to electrical 

signals, the need for converting the input data 

to binary format, a large memory module, and 

clock-based computations.

They have achieved this through direct 

processing of light received from the object of 

interest using an optical deep neural network 

implemented on a 9.3 square millimeter chip.

The study, published in Nature, describes how 

the chip 's  many opt ical  neurons are 

interconnected using optical wires or “wave-

guides” to form a deep network of many 

“neuron layers” mimicking that of the human 

brain. Information passes through the layers of 

the network, with each step helping to classify 

the input image into one of its learned 

categories. In the researchers' study, the 

images the chip classified were of hand-drawn, 

letter-like characters.

Source: University of Pennsylvania news 

release
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Low-cost battery-like device absorbs CO2 emissions while it charges

Researchers have developed a low-cost 

device that can selectively capture carbon 

dioxide gas while it charges. Then, when it 

discharges, the CO2 can be released in a 

controlled way and collected to be reused or 

disposed of responsibly. The supercapacitor 

device, which is similar to a rechargeable 

battery, is the size of a two-pence coin, and is 

made in part from sustainable materials 

including coconut shells and seawater. 

Designed by researchers from the University 

of Cambridge, the supercapacitor could help 

power carbon capture and storage technol-

ogies at much lower cost. Around 35 billion 

tonnes of CO2 are released into the atmo-

sphere per year and solutions are urgently 

needed to eliminate these emissions and 

address the climate crisis. The most advanced 

carbon capture technologies currently require 

large amounts of energy and are expensive.

The supercapacitor consists of two electrodes 

of positive and negative charge. In work led by 

Trevor Binford while completing his Master's 

degree at Cambridge, the team tried 

alternating from a negative to a positive 

voltage to extend the charging time from 

previous experiments. This improved the 

supercapacitor's ability to capture carbon. 

“We found that that by slowly alternating the 

current between the plates we can capture 

double the amount of CO2 than before,” said 

Dr Alexander Forse from Cambridge's Yusuf 

Hamied Department of Chemistry, who led 

the research. “The charging-discharging 

process of our supercapacitor potentially uses 

less energy than the amine heating process 

used in industry now,” said Forse. “Our next 

questions will involve investigating the 

precise mechanisms of CO2 capture and 

improving them. Then it will be a question of 

scaling up.” The results are reported in the 

journal Nanoscale.

A supercapacitor is similar to a rechargeable 

battery, but the main difference is in how the 

two devices store charge. A battery uses 

chemical reactions to store and release charge, 

whereas a supercapacitor does not rely on 

chemical reactions. Instead, it relies on the 

movement of electrons between electrodes, so 

it takes longer to degrade and has a longer 

lifespan. “The trade-off is that supercapacitors 

can't store as much charge as batteries, but for 

something like carbon capture we would 

prioritise durability,” said co-author Grace 

Mapstone. “We want to use materials that are 

inert, that don't harm environments, and that 

we need to dispose of less frequently. For 

example, the CO2 dissolves into a water-based 

electrolyte which is basically seawater.” 

However, this supercapacitor does not absorb 

CO2 spontaneously: it must be charging to 

draw in CO2. When the electrodes become 

charged, the negative plate draws in the CO2 

gas, while ignoring other emissions, such as 

oxygen, nitrogen and water, which don't 

contribute to climate change. Using this 

method, the supercapacitor both captures 

carbon and stores energy.

Source: University of Cambridge news release

Electrical Engineering

Randomly moving electrons can improve cyber security

In October 2017, tech giant Yahoo! disclosed a 

data breach that had leaked sensitive 

information of over 3 billion user accounts, 

exposing them to identity theft. In recent 

years, there have been several instances of 

such security breaches that have left users 

vulnerable. “Almost everything we do on the 

internet is encrypted for security. The strength 

of this encryption depends on the quality of 

random number generation,” says Nithin 

Abraham, a PhD student at the Department of 

Electrical Communication Engineering 

(ECE), Indian Institute of Science (IISc). 

Abraham is a part of a team led by Kausik 

Majumdar, Associate Professor at ECE, 

which has developed a record-breaking true 

random number generator (TRNG), which 

can improve data encryption and provide 

improved security for sensitive digital data 

such as credit card details, passwords and 

other personal information. The study 

describing this device has been published in 

the journal ACS Nano. Encrypted information 

can be decoded only by authorised users who 

have access to a cryptographic “key”. But the 

key needs to be unpredictable and, therefore, 

randomly generated to resist hacking. 

Cryptographic keys are typically generated in 

computers using pseudorandom number 

generators (PRNGs), which rely on mathe-

matical formulae or pre-programmed tables to 

produce numbers that appear random but are 

not. In contrast, a TRNG extracts random 

numbers from inherently random physical 

processes, making it more secure.

In IISc's breakthrough TRNG device, 

random numbers are generated using the 

random motion of electrons. It consists of an 

artificial electron trap constructed by stacking 

atomically-thin layers of materials like black 

phosphorus and graphene. The current 

measured from the device increases when an 

electron is trapped, and decreases when it is 

released. Since electrons move in and out of the 

trap in a random manner, the measured current 

also changes randomly. The timing of this 

change determines the generated random 

number. “You cannot predict exactly at what 

time the electron is going to enter the trap. So, 

there is an inherent randomness that is emb-

edded in this process,” explains Majumdar. 

The performance of the device on the standard 

tests for cryptographic appli-cations designed 

by the US National Institute of Standards and 

Technology (NIST) has exceeded Majumdar's 

own expectations. “When the idea first struck 

me, I knew it would be a good random number 

generator, but I didn't expect it to have a 

record-high min-entropy,” he says. The team's 

electronic TRNG is also more compact than its 

clunkier counterparts that are based on optical 

phenomena.

Source: IISc news release
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Researchers use algae to power a microprocessor continuously for a year

The system, comparable in size to an AA 

battery, contains a type of non-toxic algae 

called  that naturally harvests Synechocystis

energy from the sun through photosynthesis. 

The tiny electrical current this generates then 

interacts with an aluminium electrode and is 

used to power a microprocessor. The system is 

made of common, inexpensive and largely 

recyclable materials. This means it could 

easily be replicated hundreds of thousands of 

times to power large numbers of small devices 

as part of the Internet of Things. The 

researchers say it is likely to be most useful in 

off-grid situations or remote locations, where 

small amounts of power can be very 

beneficial. “The growing Internet of Things 

needs an increasing amount of power, and we 

think this will have to come from systems that 

can generate energy, rather than simply store it 

like batteries,” said Professor Christopher 

Howe, joint senior author of the paper. He 

added: “Our photosynthetic device doesn't run 

down the way a battery does because it's 

continually using light as the energy source.” 

In the experiment, the device was used to 

power an Arm Cortex M0+, which is a 

microprocessor used widely in Internet of 

Things devices. It operated in a domestic 

environment and semi-outdoor conditions 

under natural light and associated temperature 

fluctuations, and after six months of 

continuous power production the results were 

submitted for publication. The study is 

published in the journal Energy & Environ-

mental Science.

The algae does not need feeding, because it 

creates its own food as it photosynthesises. 

And despite the fact that photosynthesis 

requires light, the device can even continue 

producing power during periods of darkness. 

The researchers think this is because the algae 

processes some of its food when there's no 

light, and this continues to generate an 

electrical current.

The Internet of Things is a vast and growing 

network of electronic devices - each using only 

a small amount of power - that collect and 

share real-time data via the internet. The 

researchers say that powering trillions of 

Internet of Things devices using lithium-ion 

batteries would be impractical: it would need 

three times more lithium than is produced 

across the world annually. And traditional 

photovoltaic devices are made using hazar-

dous materials that have adverse environ-

mental effects.

Source: University of Cambridge news release

Nanotechnology

Scientists develop a 'fabric' that turns body movement into electricity

Scientists at Nanyang Technological Uni-

versity, Singapore (NTU Singapore) have 

developed a stretchable and waterproof 

'fabric' that turns energy generated from body 

movements into electrical energy. A crucial 

component in the fabric is a polymer that, 

when pressed or squeezed, converts mech-

anical stress into electrical energy. It is also 

made with stretchable spandex as a base layer 

and integrated with a rubber-like material to 

keep it strong, flexible, and waterproof. The 

proof-of-concept experiment was published in 

the journal Advanced Materials. Materials 

scientist and NTU Associate Provost Prof-

essor Lee Pooi See, who led the study, said: 

“There have been many attempts to develop 

fabric or garments that can harvest energy 

from movement, but a big challenge has been 

to develop something that does not degrade in 

function after being washed, and at the same 

time retains excellent electrical output. In our 

study, we demon-strated that our prototype 

continues to func-tion well after washing and 

crumpling”. The prototype fabric produces 

electricity in two ways: when it is pressed or 

squashed (piezoelectricity), and when it 

comes into contact or is in friction with other 

materials, such as skin or rubber gloves 

(triboelectric effect).

To fabricate the prototype, the scientists first 

made a stretchable electrode by screen- 

printing an 'ink' comprising silver and styrene-

ethylene-butylene-styrene (SEBS), a rubber-

like material found in teethers and handlebar 

grips to make it more stretchable and 

waterproof.

This stretchable electrode is then attached to a 

piece of nanofibre fabric that is made up of 

two main components: poly(vinylidene 

fluoride)-co-hexafluoropropylene (PVDF- 

HPF), a polymer that produces an electrical 

charge when compressed, bent, or stretched; 

and lead-free perovskites, a promising 

material in the field of solar cells and LEDs. 

To demonstrate how their prototype fabric 

could work, the NTU scientists showed how a 

hand tapping on a 3cm by 4cm piece of the 

fabric continuously could light up 100 LEDs, 

or charge various capacitors, which are 

devices that store electrical energy and are 

found in devices like mobile phones. The 

fabric showed good durability and stability – 

its electrical properties did not deteriorate 

following washing, folding, and crumpling. It 

also continued to produce a continuous stable 

electrical output up to five months. The 

scientists showed that their fabric could 

harness energy from a range of human 

movements by attaching it to the arm, leg, 

hand, and elbow, as well as to the insoles of 

shoes, and did so without impacting on the 

movements.

Source: NTU Singapore news release
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Dragonflies use vision, subtle wing control to straighten up and fly right

A group led by Jane Wang, professor of 

physics in the College of Arts and Sciences 

and professor of mechanical and aerospace 

engineering in the College of Engineering, has 

untangled the intricate physics and neural 

controls that enable dragonflies to right 

themselves while they're falling. The research 

reveals a chain of mechanisms that begins 

with the dragonfly's eyes – all five of them – 

and continues through its muscles and wing 

pitch. The team's work was published in the 

Journal Science. Wang co-authored the paper 

with James Melfi, Ph.D. '15, and Anthony 

Leonardo of Howard Hughes Medical 

Institute (HHMI) in Ashburn, Virginia.

To study these flight dynamics and the internal 

algorithms that govern them, Wang and Melfi 

designed a controlled-behavioral experiment 

in which a dragonfly would be dropped upside 

down from a magnetic tether – a premise not 

unlike the famous falling cat experiments 

from the 1800s that showed how certain 

“hardwired reflexes” resulted in the felines 

landing on their feet. Wang and Melfi found 

that by releasing a dragonfly carefully without 

leg contact,  the insect 'sconfounding 

maneuvers actually followed the same pattern 

of motion, which the researchers were able to 

capture with three high-speed video cameras 

filming at 4,000 frames per second. Markers 

were put on the dragonfly's wings and body, 

and the motions were reconstructed via 3D-

tracking software. Wang and Melfi were able 

to create a computational model that 

successfully simulated the dragonfly's 

aerobatics. Wang realized that, unlike humans 

who have an inertial sense, dragonflies could 

rely on their two visual systems – a pair of 

large compound eyes, and three simple eyes 

called ocelli – to gauge their uprightness. 

“These experiments suggest that vision is the 

first and dominant pathway to initiate the 

dragonfly's righting reflex,” Wang said. That 

visual cue triggers a series of reflexes that 

sends neural signals to the dragonfly's four 

wings, which are driven by a set of direct 

muscles that modulate the left-wing and right-

wing pitch asymmetry accordingly. With three 

or four wing strokes, a tumbling dragonfly can 

roll 180 degrees and resume flying right-side 

up. The entire process takes about 200 

milliseconds. The combination of kinematic 

analysis, physical modeling and 3D flight 

simulations now gives researchers a noninv-

asive way to infer the crucial connections 

between an animal's observed behaviors and 

the internal procedures that control them. 

These insights can also be used by engineers 

looking to improve the performance of small 

flying machines and robots.

Source: Cornell University news release

Physics

Engineers uncover secret 'thinking' behind dandelions' seed dispersal
An international team including Imperial 

researchers has uncovered the biomechanical 

'decisions' behind dandelion seed dispersal. 

Their work, published in Nature Commu-

nications, found the seed-carrying parachutes 

open and close, as in the GIF below, using 

something like actuators – devices that 

convert signals into movement – without 

active input of energy. Imperial author Dr 

Naomi Nakayama of the Department of 

Bioengineering who led the work said: “We 

reveal how the dandelion ensures the survival 

of its species by making perhaps the most 

important decision in a plant's life – to stay or 

go seek a better habitat.” The centre of the 

parachutes senses the humidity of their 

immediate environment by absorbing water 

molecules from the air. Responding to these 

humidity signals, they 'decide' to either open 

their parachutes and fly away, or to close their 

parachutes and stay put. They also found that 

the actuator has a unique radial, tube-like 

design to which the parachute hairs are 

attached to ensure simultaneous movement. 

The actuator changes its shape to either open 

or close their parachutes. 

Researchers at Imperial, the Universities of 

Edinburgh, Oxford, Lyon and École Poly-

technique de Paris, investigated this using 

their combination of expertise in plant 

biology and mechanical engineering. They 

placed dandelions into a bespoke, humidity-

controlled chamber to study the effects of 

humidity on the parachute base. They 

measured humidity's effects on the actuator 

using multiple imaging techniques, including 

an environmental  scanning electron 

microscope.

They found that parachute opening is 

modulated by the level of humidity in the 

atmosphere: higher humidity triggered 

swelling in the actuator, as in the GIF above, 

and mechanical movement of hairs upwards, 

which closed the parachutes. Some regions of 

the actuator swelled noticeably, whereas 

others, such as the vasculature, barely 

changed. They observed that the actuator 

shape change was caused by uptake and release 

of water droplets, creating a crease in the area 

the parachute hairs are attached. They then 

built a structural computer model of the 

actuator accounting for these differences and 

for forces associated with changes in hydration 

level. Their model agreed quantitatively with 

most observations, which indicated that 

differences in capacity to absorb water is key to 

actuation and therefore parachute opening and 

closing. Finding out how dandelion parachutes 

respond to their environment by moving many 

appendages simultaneously could help 

engineers create robots that move multiple 

fingers and arms with very simple yet 

functional designs.

Source: Imperial University news release
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Physics

Neutral electron flow detected in Graphene
Physicists studying have detected counter 

propagating channels in two layered graphene 

along which certain neutral quasiparticles 

move in opposite directions breaking 

conventional norms. The detection has 

potential to shape the future quantum 

computation. When a strong magnetic field is 

applied to a 2D material or gas, the electrons at 

the interface – unlike the ones within the bulk 

– are free to move along the edges in what are 

called edge modes or channels – somewhat 

similar to highway lanes.  This phenomenon 

called the quantum Hall effect has given rise 

to a platform for hosting exotic emerging 

quasiparticles, with properties that could lead 

to exciting applications in area of quantum 

computing. This edge movement, which is the 

essence of the quantum Hall effect, can lead to 

many interesting properties depending on the 

material and conditions. For conventional 

electrons, the current flows only in one 

direction dictated by the magnetic field 

('downstream'). However, physicists had 

earlier predicted that some materials can have 

counter-propagating channels where some 

quasiparticles can also travel in the opposite 

('upstream') direction. However, these 

channels they have been extremely difficult to 

identify because they do not carry any 

electrical current.

 In a new study, researchers from the Indian 

Institute of Science (IISc) have provided 

“smoking gun” evidence for the presence of 

upstream modes along which certain neutral 

quasiparticles move in two-layered graphene. 

To detect these modes or channels, the team 

used a novel method employing electrical 

noise – fluctuations in the output signal 

caused by heat dissipation. The research 

supported by Science and Engineering 

Research Board (SERB), a statutory body 

under the Department of Science and 

Technology (DST), has been published in the 

journal Nature Communications.   “Though 

the upstream excitations are charge-neutral, 

they can carry heat energy and produce a noise 

spot along the upstream direction,” explains 

Dr. Anindya Das, Associate Professor in the 

Department of Physics, Indian Institute of 

Science, and corresponding author of the study 

published in Nature Communications. In the 

current study, when the researchers applied an 

electrical potential to the edge of two-layered 

graphene, they found that heat was transported 

only in the upstream channels and dissipated at 

certain “hotspots” in that direction. At these 

spots, the heat generated electrical noise could 

be picked up by an electrical resonance circuit 

and spectrum analyzer. “The detection of 

“upstream” modes, is critical for the emergent 

modes with exotic quantum statistics, which 

has potential to shape the future flaunt-tolerant 

quantum computation.”

Source: IISc news release

Quantum Science

Infrared light control at nano scale for quantum computation
Researchers from IIT Bombay have proposed 

a new technology platform that uses voltage to 

control the intensity of light emission and the 

direction of light propagation. It can be used to 

control valley states for quantum computing 

and also to detect chemical molecules, 

perform biological imaging, or design a 

brighter light source. The researchers have 

used a heterostructure of grapheme to create 

the platform. The study was published in the 

journal De Gruyter Nanophotonics. The 

current research is the first time researchers 

have used voltage to control light in an alpha 

molybdenum trioxide and graphene hetero-

structure. Two-dimensional materials are 

becoming more and more significant due to 

their unique and unusual properties, making 

them suitable for quantum computing and 

nanotechnology. They are in the form of one-

atom-thick sheets. This sheet material exhibits 

some interesting properties, different from the 

bulk form of the same material. The proposed 

heterostructure has a thin film of alpha 

molybdenum trioxide over a silicon substrate. 

On top of alpha molybdenum trioxide is a 

single layer of graphene attached to a terminal 

called the gate. The gate is used to apply 

voltage. The intensity of infrared emission 

due to the interaction of infra-red light with 

electrons in graphene can be controlled using 

voltage. However, more useful and exciting 

applications are possible if the direction and 

polarisation of the light can be controlled too. 

Alpha molybdenum trioxide is an interesting 

material in which the permittivity of light in 

different directions in a plane is different. 

Light of a specific polarisation is blocked in 

one direction but passes through in another 

direction. The combined properties of the two 

materials give rise to a fascinating light 

emission pattern in the heterostructure plane.

The researchers made use of the Purcell effect, 

a quantum phenomenon that suggests that 

spontaneous emission of light from a molecule 

can be enhanced by changing the dielectric 

permittivity (the ability of a material to store 

electromagnetic energy) of the medium 

surrounding it. The researchers also used 

mathematical analysis and computer simul-

ations to analyse the properties of the proposed 

heterostructure. The platform can also be used 

for other applications such as sensing 

biomolecules and cooling nano sized 

electronic circuits. It opens new avenues for 

applications in quantum interference, gate 

tunable planar refraction devices, emission 

pattern engineering and quantum field 

entanglement. 

Source: IIT Bombay news release
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Quantum Science

New qubit platform could transform quantum information technology

In a recent Nature paper, a team led by 

Argonne National Laboratory has announced 

the creation of a new qubit platform formed by 

freezing neon gas into a solid at very low 

temperatures, spraying electrons from a light 

bulb's filament onto the solid, and trapping a 

single electron there. This system shows great 

promise to be developed into ideal building 

blocks for future quantum computers. Led by 

Argonne scientists, the research team also 

includes Prof. David Schuster and graduate 

student Brennan Dizdar of the University of 

Chicago. A qubit is special because it can 

simultaneously be 0 and 1. When there are 

many qubits, such overlapping states give 

quantum computers tremendously increased 

horsepower. They thus could one day solve 

complex problems beyond any classical 

supercomputers.

While there are many choices of qubit types, 

the team chose the simplest one—a single 

electron. Heating up a simple light filament 

you might find in a child's toy can easily shoot 

out a boundless supply of electrons.

One of the challenges for any qubit, including 

the electron, is that it is very sensitive to 

disturbance from its surroundings. Thus, the 

team chose to trap an electron on an ultrapure 

solid neon surface in a vacuum. Neon is one of 

a handful of inert elements that do not react 

with other elements. "Because of this 

inertness, solid neon can serve as the cleanest 

possible solid in a vacuum to host and protect 

any qubits from being disrupted," said Jin, one 

of the researchers. A key component in the 

team's qubit platform is a chip-scale 

microwave resonator made out of a super-

conductor.  “With this platform, we achieved, 

for the first time ever, strong coupling 

between a single electron in a near-vacuum 

environment and a single microwave photon in 

the resonator,” said Xianjing Zhou, a 

postdoctoral appointee at Argonne and the first 

author of the paper. “This opens up the 

possibility to use microwave photons to 

control each electron qubit and link many of 

them in a quantum processor,” Zhou added. 

The team tested the platform in a scientific 

instrument called a dilution refrigerator, which 

can reach temperatures as low as a mere 10 

milli-degrees above absolute zero.  The team 

also performed real-time operations to an 

electron qubit and characterized its quantum 

properties. These tests demonstrated that the 

solid neon provides a robust environment for 

the electron with very low electric noise to 

disturb it. Most importantly, the qubit attained 

coherence times in the quantum state 

competitive with state-of-the-art qubits.

Source: University of Chicago news release

Quantum Science

Emulating impossible 'unipolar' laser pulses paves the way for processing 
quantum information

A laser pulse that sidesteps the inherent 

symmetry of light waves could manipulate 

quantum information, potentially bringing us 

closer to room temperature quantum comp-

uting. The study, led by researchers at the 

University of Regensburg and the Uni-versity 

of Michigan, could also accelerate conven-

tional computing. While laser pulses can be 

used to manipulate the energy states of qubits, 

different ways of computing are possible if 

charge carriers used to encode quantum 

information could be moved aroundincluding 

a room-temperature approach. Terahertz light, 

which sits between infrared and microwave 

radiation, oscillates fast enough to provide the 

speed, but the shape of the wave is also a 

problem. Namely, electromagnetic waves are 

obliged to produce oscillations that are both 

positive and negative, which sum to zero.  The 

positive cycle may move charge carriers, such 

as electrons. But then the negative cycle pulls 

the charges back to where they started. To 

reliably control the quantum information, an 

asymmetric light wave is needed. “The 

optimum would be a completely directional, 

unipolar 'wave,' so there would be only the 

central peak, no oscillations” said Mackillo 

Kira, U-M professor of electrical engineering 

and computer science and leader of the theory 

aspects of the study in Light: Science & 

Applications.

Since waves that are only positive or only 

negative are physically impossible, the 

international team came up with a way to do 

the next best thing. They created an 

effectively unipolar wave with a very sharp, 

high-amplitude positive peak flanked by two 

long, low-amplitude negative peaks. This 

makes the positive peak forceful enough to 

move charge carriers while the negative peaks 

are too small to have much effect. They did 

this by carefully engineering nanosheets of a 

gallium arsenide semiconductor to design the 

terahertz emission through the motion of 

electrons and holes, which are essentially the 

spaces left behind when electrons move in 

semi-conductors.  Then, the group of Rupert 

Huber, also a professor of physics at the 

University of Regensburg, stacked the 

semiconductor nanosheets in front of a laser. 

When the near-infrared pulse hit the 

nanosheet, it generated electrons. Due to the 

design of the nanosheets, the electrons 

welcomed separation from the holes, so they 

shot forward.  Then, the pull from the holes 

drew the electrons back. As the electrons 

rejoined the holes, they released the energy 

they'd picked up from the laser pulse as a 

strong positive terahertz half-cycle preceded 

and followed by a weak, long negative half-

cycle. “The resulting terahertz emission is 

stunningly unipolar, with the single positive 

half-cycle peaking about four times higher 

than the two negative ones,” Huber said. 

Source: University of Michigan news release
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Robotics

Tiny robotic crab is smallest-ever remote-controlled walking robot

Northwestern University engineers have 

developed the smallest-ever remote-

controlled walking robot — and it comes in 

the form of a tiny, adorable peekytoe crab. Just 

a half-millimeter wide, the tiny crabs can 

bend, twist, crawl, walk, turn and even jump. 

The researchers also developed millimeter-

sized robots resembling inchworms, crickets 

and beetles. Although the research is 

exploratory at this point, the researchers 

believe their technology might bring the field 

closer to realizing micro-sized robots that can 

perform practical tasks inside tightly confined 

spaces. The research was published in the 

journal Science Robotics.  John A. Rogers, 

who led the experimental work said “you 

might imagine micro-robots as agents to 

repair or assemble small structures or 

machines in industry or as surgical assistants 

to clear clogged arteries, to stop internal 

bleeding or to eliminate cancerous tumors — 

all in minimally invasive procedures.” “Our 

technology enables a variety of controlled 

motion modalities and can walk with an 

average speed of half its body length per 

second,” added Yonggang Huang, who led the 

theoretical work. “This is very challenging to 

achieve at such small scales for terrestrial 

robots.”

To construct the robot, the researchers used a 

shape-memory alloy material that transforms 

to its “remembered” shape when heated. In 

this case, the researchers used a scanned laser 

beam to rapidly heat the robot at different 

targeted locations across its body. A thin 

coating of glass elastically returns that 

corresponding part of structure to its 

deformed shape upon cooling. As the robot 

changes from one phase to another — 

deformed to remembered shape and back 

again — it creates locomotion. Not only does 

the laser remotely control the robot to activate 

it, the laser scanning direction also determines 

the robot's walking direction. Scanning from 

left to right, for example, causes the robot to 

move from right to left. “Because these 

structures are so tiny, the rate of cooling is very 

fast,” Rogers explained. “In fact, reducing the 

sizes of these robots allows them to run faster.” 

To manufacture such a tiny critter, Rogers and 

Huang turned to a technique they introduced 

eight years ago — a pop-up assembly method 

inspired by a child's pop-up book. First, the 

team fabricated precursors to the walking crab 

structures in flat, planar geometries. Then, 

they bonded these precursors onto a slightly 

stretched rubber substrate. When the stretched 

substrate is relaxed, a controlled buckling 

process occurs that causes the crab to “pop up” 

into precisely defined three-dimensional 

forms.

Source: Northwestern University news release
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Scientists have developed a digital model of the fruit fly, Drosophila 
melanogaster

EPFL scientists have developed a digital 

model of the fruit fly, Drosophila melano-

gaster, which realistically simulates the 

movements of the animal. The twin is a big 

step towards reverse engineering the neuro-

mechanical control of animal behavior, and 

developing bioinspired robots. “We used two 

kinds of data to build NeuroMechFly,” says 

Professor Pavan Ramdya at EPFL's School of 

Life Sciences. “First, we took a real fly and 

performed a CT scan to build a morpho-

logically realistic biomechanical model. The 

second source of data were the real limb 

movements of the fly, obtained using pose 

estimation software that we've developed in 

the last couple of years that allow us to 

precisely track the movements of the animal.” 

Ramdya's group, working with the group of 

Professor Auke Ijspeert at EPFL's Bio-

robotics Laboratory, has pub-lished a paper in 

Nature Methods show-casing the first ever 

accurate “digital twin” of the fly Drosophila 

melanogaster, dubbed “Neuro-MechFly”. 

Continuing with deep-learning, in 2021 

Ramdya's team published LiftPose3D, a 

method for reconstructing 3D animal poses 

from 2D images taken from a single camera. 

These kinds of breakthroughs have provided 

the exploding fields of neuroscience and 

animal-inspired robotics with tools whose 

usefulness cannot be overstated.

In many ways, NeuroMechFly represents a 

culmination of all those efforts. Constrained 

by morphological and kinematic data from 

these previous studies, the model features 

independent computational parts that 

simulate different parts of the insect's body. 

This includes a biomechanical exoskeleton 

with articulating body parts, such as head, 

legs, wings, abdominal segments, proboscis, 

antennae, halteres (organs that help the fly 

measure its own orientation while flying), and 

neural network “controllers” with a motor 

output. NeuroMechFly offers a highly 

valuable testbed for studies that advance 

biomechanics and biorobotics, but only in so 

far as it accurately represents the real animal 

in a digital environment.  The researchers first 

made 3D measurements of real walking and 

grooming flies. They then replayed those 

behaviors using NeuroMechFly's biom-

echanical exoskeleton inside a physics-based 

simulation environment. As they show in the 

paper, the model can actually predict various 

movement parameters that are otherwise 

unmeasured, such as the legs' torques and 

contact reaction forces with the ground. 

Finally, they were able to use NeuroMechFly's 

full neuromechanical capabilities to discover 

neural network and muscle parameters that 

allow the fly to “run” in ways that are 

optimized for both speed and stability. 

Ramdya stresses that NeuroMechFly has been 

and will continue to be a community project. 

As such, the software is open source and freely 

available for scientists to use and modify. “We 

built a tool, not just for us, but also for others. 

Therefore, we made it open source and 

modular, and provide guidelines on how to use 

and modify it.”

Source: EPFL news release
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