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Royal Society of Chemistry (RSC) and CSIR work together to support 
chemistry in schools across India

The Royal Society of Chemistry and the Council for Industry and 
Scientific Research (CSIR) have partnered to support an outreach 
programme designed to promote the chemical sciences in schools and 
universities.

About 2000 students across the country participated in RSC's Global 
Coin experiment organised across over 30 CSIR laboratories.

The two organisations have signed a Memorandum of Understanding 
(MoU), committing to work together on the CSIR's Jigyasa programme 
– an India-wide outreach programme aimed at school children and 
researchers. The MoU will be a non-financial one and will be time-
bound for at least three years with an option of renewal.  

The CSIR is dedicated to research and development across the spectrum 
of science and technology – from oceanography and mining to 
chemicals and nanotechnology. The organisation owns a network of 
laboratories and outreach centres across India.

The Jigyasa programme will complement existing educational 
programmes in India. For example, the RSC-Jigyasa partnership will 
help to expand the RSC's existing teacher training programme and 
Chemistry Camps, and will be launching several online education 
initiatives.

As part of the launch event for the Jigyasa programme, the collaboration 
is organising a Global Experiment including all the CSIR's laboratories. 
At least 2,000 schoolchildren, 150 teachers, and 350 volunteers took part 
in the 'RSC's Global Coin experiment organised across over 30 CSIR 
laboratories, in which participants are asked to compare batteries made 
from different types of coins. The participants will then be able to 
compare their data with that of participants from around the globe.

The MoU was signed by both organisations at a ceremony on 22 
September. It was signed by Dr. Geetha Vani Rayasam from the CSIR 
and Paul Lewis, Chief Operating Officer, RSC in the presence of Dr N 
Kalaiselvi, Director General of the CSIR and Dr Venugopal Achanta, 
Director of National Physical Laboratory (CSIR-NPL). 

Paul Lewis, Chief Operating Officer of the RSC, said: “Collaboration 
is at the heart of everything the Royal Society of Chemistry does, which 
is why I've travelled to Delhi to sign this agreement with CSIR 
providing a basis for us to work together to promote the chemical 
sciences across India for many years to come”.

Speaking on the occasion Dr. Kalaiselvi, DG, CSIR, highlighted that 
S&T is a crucial as India aims for self-reliance and sustainable 
development not only for the country but the world. She delivered a 
popular science lecture “Insights into future of battery technology” and 
emphasized that the partnership with RSC will help in dissemination of 
science among students and motivate them to be future scientists.

Ajit Sharma, Manager Director, RSC India, added: “We are excited to 
have the opportunity to collaborate with the Jigyasa programme, which 
will bring together the considerable expertise and resources of both the 
RSC and the CSIR to help to provide enhanced learning opportunities 
for those studying the chemical sciences in India. Our young people 
will be solving the global challenges of the future, which is why it's so 
important to provide them with a solid grounding and practical 
experience in the sciences.”

Royal Society of Chemistry

We are an international organisation connecting chemical scientists 
with each other, with other scientists, and with society as a whole. 
Founded in 1841 and based in London, UK, we have an international 
membership of over 50,000. We use the surplus from our global 
publishing and knowledge business to give thousands of chemical 
scientists the support and resources required to make vital advances in 
chemical knowledge. We develop, recognise and celebrate professional 
capabilities, and we bring people together to spark new ideas and new 
partnerships. We support teachers to inspire future generations of 
scientists, and we speak up to influence the people making decisions 
that affect us all. We are a catalyst for the chemistry that enriches our 
world.
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Nobel Prize in Physiology or Medicine 2022 was awarded to Svante Pääbo

Svante Pääbo was born 1955 in Stockholm, Sweden. He defended his 
PhD thesis in 1986 at Uppsala University and was a postdoctoral fellow 
at University of Zürich, Switzerland and later at University of 
California, Berkeley, USA. He became Professor at the University of 
Munich, Germany in 1990. In 1999 he founded the Max Planck Institute 
for Evolutionary Anthropology in Leipzig, Germany where he is still 
active. He also holds a position as adjunct Professor at Okinawa Institute 
of Science and Technology, Japan.

Humanity has always been intrigued by its origins. Where do we come 
from, and how are we related to those who came before us? What makes 
us, Homo sapiens, different from other hominins?

Through his pioneering research, Svante Pääbo accomplished 
something seemingly impossible: sequencing the genome of the 
Neanderthal, an extinct relative of present-day humans. He also made 
the sensational discovery of a previously unknown hominin, Denisova. 
Importantly, Pääbo also found that gene transfer had occurred from these 
now extinct hominins to Homo sapiens following the migration out of 
Africa around 70,000 years ago. This ancient flow of genes to present-
day humans has physiological relevance today, for example affecting 
how our immune system reacts to infections.

Pääbo's seminal research gave rise to an entirely new scientific 
discipline; paleogenomics. By revealing genetic differences that 
distinguish all living humans from extinct hominins, his discoveries 
provide the basis for exploring what makes us uniquely human.

Where do we come from?

The question of our origin and what makes us unique has engaged 
humanity since ancient times. Paleontology and archeology are 
important for studies of human evolution. Research provided evidence 
that the anatomically modern human, Homo sapiens, first appeared in 
Africa approximately 300,000 years ago, while our closest known 
relatives, Neanderthals, developed outside Africa and populated Europe 
and Western Asia from around 400,000 years until 30,000 years ago, at 
which point they went extinct. About 70,000 years ago, groups of Homo 
sapiens migrated from Africa to the Middle East and, from there they 
spread to the rest of the world. Homo sapiens and Neanderthals thus 
coexisted in large parts of Eurasia for tens of thousands of years. But 
what do we know about our relationship with the extinct Neanderthals? 

Clues might be derived from genomic information. By the end of the 
1990's, almost the entire human genome had been sequenced. This was 
a considerable accomplishment, which allowed subsequent studies of 
the genetic relationship between different human populations. 
However, studies of the relationship between present-day humans and 
the extinct Neanderthals would require the sequencing of genomic 
DNA recovered from archaic specimens.

A seemingly impossible task

Early in his career, Svante Pääbo became fascinated by the possibility 
of utilizing modern genetic methods to study the DNA of Neanderthals. 

However, he soon realized the extreme technical challenges, because 
with time DNA becomes chemically modified and degrades into short 
fragments. After thousands of years, only trace amounts of DNA are 
left, and what remains is massively contaminated with DNA from 
bacteria and contemporary humans (Figure 1). As a postdoctoral 
student with Allan Wilson, a pioneer in the field of evolutionary 
biology, Pääbo started to develop methods to study DNA from 
Neanderthals, an endeavor that lasted several decades.

In 1990, Pääbo was recruited to University of Munich, where, as a 
newly appointed Professor, he continued his work on archaic DNA. He 
decided to analyze DNA from Neanderthal mitochondria – organelles 
in cells that contain their own DNA. The mitochondrial genome is 
small and contains only a fraction of the genetic information in the cell, 
but it is present in thousands of copies, increasing the chance of success. 
With his refined methods, Pääbo managed to sequence a region of 
mitochondrial DNA from a 40,000-year-old piece of bone. Thus, for the 
first time, we had access to a sequence from an extinct relative. 
Comparisons with contemporary humans and chimpanzees 
demonstrated that Neanderthals were genetically distinct.

The Neanderthal and us: Svante Pääbo is fascinated by the genomes 
of our ancestors.  © Karsten Möbius. Source: Max Planck Institute for 
Evolutionary Anthropology in Leipzig 

Svante Pääbo won the prize for his discoveries concerning the genomes of extinct hominins and human evolution

Figure 1. DNA is localized in two different compartments in the cell. 
Nuclear DNA harbors most of the genetic information, while the much 
smaller mitochondrial genome is present in thousands of copies. After 
death, DNA is degraded over time and ultimately only small amounts 
remain. It also becomes contaminated with DNA from e.g. bacteria and 
contemporary humans.
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Sequencing the Neanderthal genome

As analyses of the small mitochondrial genome gave only limited 
information, Pääbo now took on the enormous challenge of sequencing 
the Neanderthal nuclear genome. At this time, he was offered the chance 
to establish a Max Planck Institute in Leipzig, Germany. At the new 
Institute, Pääbo and his team steadily improved the methods to isolate 
and analyze DNA from archaic bone remains. The research team 
exploited new technical developments, which made sequencing of DNA 

Africa, at least two extinct hominin populations inhabited Eurasia. 
Neanderthals lived in western Eurasia, whereas Denisovans populated 
the eastern parts of the continent. During the expansion of Homo 
sapiens outside Africa and their migration east, they not only 
encountered and interbred with Neanderthals, but also with Denisovans 
(Figure 3).

Paleogenomics and its relevance

Through his groundbreaking research, Svante Pääbo established an 
entirely new scientific discipline, paleogenomics. Following the initial 
discoveries, his group has completed analyses of several additional 
genome sequences from extinct hominins. Pääbo's discoveries have 
established a unique resource, which is utilized extensively by the 
scientific community to better understand human evolution and 
migration. New powerful methods for sequence analysis indicate that 
archaic hominins may also have mixed with Homo sapiens in Africa. 
However, no genomes from extinct hominins in Africa have yet been 
sequenced due to accelerated degradation of archaic DNA in tropical 

climates.

Thanks to Svante Pääbo's discoveries, we now understand that archaic 
gene sequences from our extinct relatives influence the physiology of 
present-day humans. One such example is the Denisovan version of the 
gene EPAS1, which confers an advantage for survival at high altitude 

highly efficient. Pääbo also engaged several critical collaborators with 
expertise on population genetics and advanced sequence analyses. His 
efforts were successful. Pääbo accomplished the seemingly impossible 
and could publish the first Neanderthal genome sequence in 2010. 
Comparative analyses demonstrated that the most recent common 
ancestor of Neanderthals and Homo sapiens lived around 800,000 years 
ago.

Pääbo and his co-workers could now investigate the relationship 
between Neanderthals and modern-day humans from different parts of 
the world. Comparative analyses showed that DNA sequences from 
Neanderthals were more similar to sequences from contemporary 
humans originating from Europe or Asia than to contemporary humans 
originating from Africa. This means that Neanderthals and Homo 
sapiens interbred during their millennia of coexistence. In modern day 
humans with European or Asian descent, approximately 1-4% of the 
genome originates from the Neanderthals (Figure 2).

A sensational discovery: Denisova

In 2008, a 40,000-year-old fragment from a finger bone was discovered 
in the Denisova cave in the southern part of Siberia. The bone contained 
exceptionally well-preserved DNA, which Pääbo's team sequenced. 
The results caused a sensation: the DNA sequence was unique when 
compared to all known sequences from Neanderthals and present-day 
humans. Pääbo had discovered a previously unknown hominin, which 
was given the name Denisova. Comparisons with sequences from 
contemporary humans from different parts of the world showed that 
gene flow had also occurred between Denisova and Homo sapiens. This 
relationship was first seen in populations in Melanesia and other parts of 
South East Asia, where individuals carry up to 6% Denisova DNA.

Pääbo's discoveries have generated new understanding of our 
evolutionary history. At the time when Homo sapiens migrated out of 

Figure 2. A. Pääbo extracted DNA from bone specimens from extinct 
hominins. He first obtained a bone fragment from Neandertal in 
Germany, the site that gave name to the Neanderthals. Later, he used a 
finger bone from the Denisova Cave in southern Siberia, the site that 
gave name to Denisovans. B. Phylogenetic tree showing the evolution 
and relationship between Homo sapiens and the extinct hominins. The 
phylogenetic tree also illustrates the gene flows discovered by Pääbo.

Figure 3. Pääbo's discoveries have provided important information on 
how the world was populated at the time when Homo sapiens migrated 
out of Africa and spread to the rest of the world. Neanderthals lived in 
the west and Denisovans in the east on the Eurasian continent. 
Interbreeding occurred when Homo sapiens spread across the 
continent, leaving traces that remain in our DNA.

Figure 4. Pääbo's seminal work provides a basis for explaining what 
makes us uniquely human.
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Nobel Prize in Physics 2022 was awarded jointly to Alain Aspect, John F. 
Clauser and Anton Zeilinger 

The prize was given for experiments with entangled photons, establishing the violation of Bell inequalities and 

pioneering quantum information science.

Their results have cleared the way for new technology based upon 
quantum information.

The ineffable effects of quantum mechanics are starting to find 
applications. There is now a large field of research that includes 
quantum computers, quantum networks and secure quantum encrypted 
communication.

One key factor in this development is how quantum mechanics allows 
two or more particles to exist in what is called an entangled state. What 
happens to one of the particles in an entangled pair determines what 
happens to the other particle, even if they are far apart.

For a long time, the question was whether the correlation was because 
the particles in an entangled pair contained hidden variables, 
instructions that tell them which result they should give in an 
experiment. In the 1960s, John Stewart Bell developed the 
mathematical inequality that is named after him. This states that if there 
are hidden variables, the correlation between the results of a large 
number of measurements will never exceed a certain value. However, 
quantum mechanics predicts that a certain type of experiment will 
violate Bell's inequality, thus resulting in a stronger correlation than 
would otherwise be possible.

John Clauser developed John Bell's ideas, leading to a practical 
experiment. When he took the measurements, they supported quantum 
mechanics by clearly violating a Bell inequality. This means that 
quantum mechanics cannot be replaced by a theory that uses hidden 
variables.

Some loopholes remained after John Clauser's experiment. Alain 
Aspect developed the setup, using it in a way that closed an important 
loophole. He was able to switch the measurement settings after an 
entangled pair had left its source, so the setting that existed when they 
were emitted could not affect the result.

Using refined tools and long series of experiments,  Anton Zeilinger
started to use entangled quantum states. Among other things, his 
research group has demonstrated a phenomenon called quantum 

and is common among present-day Tibetans. Other examples are 
Neanderthal genes that affect our immune response to different types of 
infections.

What makes us uniquely human?

Homo sapiens is characterized by its unique capacity to create complex 
cultures, advanced innovations and figurative art, as well as by the 
ability to cross open water and spread to all parts of our planet (Figure 
4). Neanderthals also lived in groups and had big brains (Figure 4). They 
also utilized tools, but these developed very little during hundreds of 
thousands of years. The genetic differences between Homo sapiens and 
our closest extinct relatives were unknown until they were identified 
through Pääbo's seminal work. Intense ongoing research focuses on 
analyzing the functional implications of these differences with the 
ultimate goal of explaining what makes us uniquely human.

Source:  Press release; NobelPrize.org

Nobel Prize in Physiology or Medicine 2022 ...

Alain Aspect, born 1947 in Agen, France. PhD 1983 from Paris-Sud 
University, Orsay, France. Professor at Institut d'Optique Graduate 
School – Université Paris-Saclay and École Polytechnique, Palaiseau, 
France.

John F. Clauser, born 1942 in Pasadena, CA, USA. PhD 1969 from 
Columbia University, New York, USA. Research Physicist, J.F. 
Clauser & Assoc., Walnut Creek, CA, USA.

Anton Zeilinger, born 1945 in Ried im Innkreis, Austria. PhD 1971 
from University of Vienna, Austria. Professor at University of Vienna, 
Austria.

Entangled states – from theory to technology

Alain Aspect, John Clauser and Anton Zeilinger have each conducted 
groundbreaking experiments using entangled quantum states, where 
two particles behave like a single unit even when they are separated. 

From left Alain Aspect, John F. Clauser, Anton Zeilinge
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Nobel Prize in Chemistry 2022 was awarded jointly to Carolyn R. 
Bertozzi, Morten Meldal and K. Barry Sharpless 

The prize was awarded for the development of click chemistry and bioorthogonal chemistry

properties. This has led to many admirable molecular constructions, but 
these are generally time consuming and very expensive to produce.

“This year's Prize in Chemistry deals with not overcomplicating 
matters, instead working with what is easy and simple. Functional 
molecules can be built even by taking a straightforward route,” says 
Johan Åqvist, Chair of the Nobel Committee for Chemistry.

Barry Sharpless – who is now being awarded his second Nobel Prize 
in Chemistry – started the ball rolling. Around the year 2000, he coined 
the concept of click chemistry, which is a form of simple and reliable 
chemistry, where reactions occur quickly and unwanted by-products 
are avoided.

Shortly afterwards, Morten Meldal and Barry Sharpless – 
independently of each other – presented what is now the crown jewel of 
click chemistry: the copper catalysed azide-alkyne cycloaddition. This 
is an elegant and efficient chemical reaction that is now in widespread 
use. Among many other uses, it is utilised in the development of 
pharmaceuticals, for mapping DNA and creating materials that are 
more fit for purpose.

Carolyn Bertozzi took click chemistry to a new level. To map 
important but elusive biomolecules on the surface of cells – glycans – 
she developed click reactions that work inside living organisms. Her 
bioorthogonal reactions take place without disrupting the normal 
chemistry of the cell.

These reactions are now used globally to explore cells and track 
biological processes. Using bioorthogonal reactions, researchers have 
improved the targeting of cancer pharmaceuticals, which are now being 
tested in clinical trials.

Click chemistry and bioorthogonal reactions have taken chemistry into 
the era of functionalism. This is bringing the greatest benefit to 
humankind.

Source: Source: Source:  Press release;  NobelPrize.org

teleportation, which makes it possible to move a quantum state from 
one particle to one at a distance.

“It has become increasingly clear that a new kind of quantum 
technology is emerging. We can see that the laureates' work with 
entangled states is of great importance, even beyond the fundamental 
questions about the interpretation of quantum mechanics,” says Anders 
Irbäck, Chair of the Nobel Committee for Physics.

Source: Source:  Press release; NobelPrize.org

Nobel Prize in Physics 2022

Carolyn R. Bertozzi, born 1966 in USA. PhD 1993 from UC 
Berkeley, CA, USA. Anne T. and Robert M. Bass Professor at Stanford 
University, CA, USA and Investigator, Howard Hughes Medical 
Institute, USA.

Morten Meldal, born 1954 in Denmark. PhD 1986 from Technical 
University of Denmark, Lyngby, Denmark. Professor at University of 
Copenhagen, Denmark.

K. Barry Sharpless, born 1941 in Philadelphia, PA, USA. PhD 1968 
from Stanford University, CA, USA. W. M. Keck Professor at Scripps 
Research, La Jolla, CA, USA.

The Nobel Prize in Chemistry 2022 is about making difficult processes 
easier. Barry Sharpless and Morten Meldal have laid the foundation for 
a functional form of chemistry – click chemistry – in which molecular 
building blocks snap together quickly and efficiently. Carolyn Bertozzi 
has taken click chemistry to a new dimension and started utilising it in 
living organisms.

Chemists have long been driven by the desire to build increasingly 
complicated molecules. In pharmaceutical research, this has often 
involved artificially recreating natural molecules with medicinal 

From left. Carolyn R. Bertozzi, Morten Meldal, K. Barry Sharpless
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Prof. Ravi M receives D.Sc for work on 3D cultures of 
human cancer cell lines

Introduction 

Enhancing the utility of cancer cell lines can be achieved by growing 
them as 3D aggregates compared to the traditional ways in which they 
were utilized as 2D cultures. The objectives of several groups globally 
are to understand and demonstrate the areas in which the utility of cancer 

cell lines are enhanced for applications in a range of areas as applicable 
for cancer research. The 3D way of culturing cells seemed a promising 
direction towards these objectives as it brings the cells a little closer to 
the in vivo system and significantly farther in their physiology while 
grown as 2D cultures. The escalating numbers of papers published as 
indexed in PubMed alone (as results obtained by using the search key 

Professor Ravi M, Ph. D, MNASc., Professor, Department of Human Genetics, Sri Ramachandra 

Institute of Higher Education and Research, Porur, Chennai – 600 116 and Honorary Editor of The 

Scitech received his Doctor of Science award for his work on 3 Dimensional cultures of human 

cancer cell lines from Sri Ramachandra Institute of Higher Education and Research, Porur, 

Chennai – 600 116. India. 

Ravi M Ph. D, D. Sc, MNASc
Professor, Department of Human Genetics, Sri Ramachandra Institute of Higher Education and Research, Porur, Chennai – 600 116. India. 

E. Mail: mravi@sriramachandra.edu.in	maddalyravi@hotmail.com

Enhancing the Utility of Cancer Cell Lines by culturing them as 3D Aggregates and 3D Reverts

Abstract 

The utility of cancer cell lines has been very significant for cancer research. Several cell lines are being added to the current list and many suppliers 
provide researchers with the specific cancer cell line required. The ways in which cancer cell lines can be utilized has been greatly enhanced by 
culturing them as 3D aggregates/spheroids. Presented in this commentary, is my experiences with 3D cell cultures and a few aspects of our own 
contributions to enhance the 3D culture systems for their utility in cancer research. These include comparative studies on 2D, 3D and 3D revert cultures 
for several parameters including morphological aspects, culture phase durations, cytotoxicity, genotoxicity, protein profiling and cytokine profiling. 
Also, protocols to obtain the aggregates on agarose hydrogels in a 96-well format were standardized as can be applicable to study 2D and 3D cultures 
simultaneously. Also, the 3D revert cultures have been introduced and the possible utility of these 3D revert are explored.  

Key words: Cancer cell lines, 2D cultures, 3D cultures, 3D Reverts, enhancing utility 
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Prof. Ravi M receives D.Sc for work on 3D cultures of human cancer cell lines

words “3D cell cultures”) from 1 publication in 1968 to about 1400 
publications for the year 2017 shows the growing interest in the area of 
3D cell cultures. The year 2001 showed a marked increase in the number 
of publications with 31 whose numbers were 10 to 17 in the previous 
decade. The decade 2001 to 2010 showed an exponential increase in the 
publications related to 3D cell cultures, a trend which continues today 

The major applications for which 3D cultures of cancer cell lines were 
utilized by us included morphology, effects of extracellular matrix 
(ECM) on the 3D aggregate formation, cell culture phases, 
susceptibility to cytotoxic agents, gene & protein expressions and 
cytokine profiling of two cell lines. All studies were performed as a 
comparison for the various parameters between 2D and 3D culture 
models and to bring out the differences among the two culture systems 
for a variety of end points. Also, increasing the utilization of 3D cultures 
by establishing them in 96-well plates to enable their utility for anti-
proliferative and cytotoxicity assays was achieved. Yet another net 
result of the work carried out was to introduce the 3D Reverts (3DRs), 
which in our knowledge, we are the first to report. 3DRs, we feel, have 
potentials for studies related to cell migration and metastasis and can be 
conveniently used for assays such as the wound-healing assay and the 
cell migration assay.  

Types of aggregates obtained and types of 

scaffolds/matrices we used in our studies 

Several types of matrices or scaffolds are available for obtaining 3D cell 
cultures. Broadly, these can be classified as natural ECM, synthetic 
ECM (biodegradable polymers), biological & synthetic hybrids, 
metals, ceramics & bioactive glass and carbon nanotubes constructed 
using graphite. Our focus was to use a material which has ease of 
application and economic as well. The prospects of utilizing agarose 
hydrogels as scaffold/matrix seemed very promising as it fits into the 
two main criteria which we were looking for in a material as a suitable 
scaffold/matrix to obtain 3D cultures of cancer cell lines. The 
advantages of using agarose hydrogels include the ease by which they 
can be prepared in a serum-free culture media such as Roswell Park 

Memorial Institute medium (RPMI) or Dulbecco's Modified Eagle 
Medium (DMEM). Simple melting of the agarose in the medium 
ensuring that boiling is avoided will provide us a gel which can be 
utilized as a scaffold/matrix for culturing cells in a non-adherent manner. 
Also, exposure to ultra violet light in a standard laminar air flow 
chamber for 15 – 20 minutes will efficiently help in polymerizing the gel 
apart from rendering it sterile as suitable for cell cultures. Such agarose 
hydrogels can be conveniently plated into a variety of culture plates 
including Petri-plates. We did not see much of a difference between the 
agarose of low melting or with normal melting temperature in terms of 
their efficiency to induce 3D aggregate formation of cell lines. However, 
we did notice that melting the agarose in suitable culture medium (as 
required by the cell line to be cultured) is imperative and using gels 
prepared normal saline or phosphate buffered saline (PBS) are not 
suitable as scaffolds/matrices to obtain 3D cell cultures.  

Different types of 3D cell aggregates in terms of the site of their 
formation, with respect to the scaffolds/matrices, can be obtained based 
on the protocol adopted. Broadly, these aggregate types are (i) 
completely embedded, (ii) embedded at the scaffold/matrix-medium 
interface and (iii) floating aggregates (Figure 1). Of these three types, the 
floating aggregates are the easiest to harvest as simple aspiration of the 
medium along with the aggregates can be performed. The completely 
embedded cell aggregates or those which are formed at the 
scaffold/matrix - medium interphase would pose additional steps or 
protocols to obtain the agarose gel-free aggregates for further analysis. 
We could notice that cells lines could be grown as any of the three types 
of aggregates and we chose to obtain floating aggregates due to the ease 
with which they can be harvested.  Essentially, standardizations of 
conditions to obtain floating aggregates of various cancer cell lines were 
performed. The two major variables included the solvent in which 
agarose was melted and the % of agarose. Also, the requirement of 
supplementing foetal bovine serum (FBS) in the agarose hydrogels was 
ascertained. We found that a 1% agarose hydrogel prepared in serum-
free medium was able to induce the formation of floating aggregates in a 
variety of cancer cell lines. 

Figure 1. 3D aggregates can be completely embedded in the scaffolds/matrices, present at the scaffold/matrix – medium interphase or as completely 

floating aggregates. 
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Net outcome of the studies using 3D cultures of 

cancer cell lines 

Studies on Morphology 

One of the striking features that cell lines grown as 3D aggregates 
exhibit pertains to their morphology. Though it is easy to understand the 
differences between monolayers and 3D aggregates, what is interesting 
is that each cancer cell lines form aggregates with distinct 
morphological features. Such morphological differences were observed 
for various cell lines when all were grown in the same 3D culture 
conditions. These differences are attributed to the cancer type that the 
cell line represents. The variations in morphologies that we could 
observe include multiple smaller aggregates formed by NCI H23 cells, 
multiple larger and more compact aggregates by the A549 cell line, 
loosely formed collage of aggregates by the Sp2/0 cell line, a single 
compact aggregate by BMG-1 cell line, a single large aggregate with 
medium compactness by SiHa cell line, distinct multiple spherical and 
acinar structures by the MCF-7 cell line. However, all aggregate types 
had actively dividing cells at the periphery with 'unhealthy' culture 
features towards the aggregate cores as cultures progressed in time. The 
spontaneous formation of aggregates with different morphologies by 
cancer cell lines representing different cancers, while being grown in 
similar conditions, is of interest. Such response shows obvious 
behavioral differences among different cancer cell lines as being 
inherent and with a genetic basis.  

The importance of heterogeneity among cancer types and also within the 
cancer types is being increasingly acknowledged currently. Thus, while 
earlier, cancers were considered a 'clonal entity' with all cells of a solid 
tumor being considered clonally similar/defective, the tumor 
heterogeneity theory is fast gaining ground. Accordingly, sub-
populations and sub-clones are now known to exist within a solid tumor, 
thus increasing the tumor complexity. 3D aggregates of cancer cell lines 
are far better that their 2D counterparts to induce such heterogeneity in 
vitro. Also, one significant feature of the 3D aggregates is the presence of 
nutrient and oxygen gradient from the surface to the core of the 
aggregates. Such gradients induce a switch in the cells to the 'Warburg 
effect' metabolically. Hypoxia-induced metabolic changes (glycolytic 
inhibition and anaerobic metabolic mechanisms) are currently 
considered as important aspects of complex cancer cell physiology. 
Again, 3D aggregates of cancer cell lines provide useful models to study 
such nutrient and oxygen gradients in solid tumors.  

Studies on the effects of ECM 

While the acquisition of distinct aggregate morphologies is a striking 
feature of cells grown in 3D culture conditions, the ECM as secreted by 
the cells themselves appears as a driving force for acquiring the distinct 
3D aggregate morphologies. The grouping of individual cells into 
aggregates (either loose, compact or the spherical acinar structures) 
appears to be influenced by the ECM secreted by cells growing in 3D 
conditions. The aggregate compactness is inversely proportional to the 
extent of ECM secreted (Figure 4). Also, we could observe that the 

Figure 2. The compactness and type of aggregates formed by cells grown in 3D culture conditions appears to be influenced by the extent of ECM 
secreted by the growing cells. The compactness of the aggregates increases with reducing amount of ECM secreted.
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amount of ECM produced by the cells is directly dependent on the exact 
number of cells present in a culture unit irrespective of the seeding 
density. The effect of ECM secreted by the cells in shaping the 
morphology of MCF7 cell line 3D aggregates was very distinct. 
Initiation of 3D cultures first resulted in the formation of “bubble-like” 
ECM spheres. Individual cells are drawn into these ECM spheres, 
finally forming distinct acinar structures. Such mechanisms occurring in 
3D cell cultures are important means to understand the tumor 
morphologies, especially of the solid tumors. 

Studies on cell culture phases   

The cell culture phases (lag, log, plateau and decline phases) for all the 
cell line studied were markedly different when they are grown as 
monolayers or and 3D aggregates. The culture phases were much 
extended for cell grown as 3D aggregates compared to their 2D 
counterparts. For all the cell lines studied, monolayers reached the 
decline state much rapidly compared to their 3D counterparts when the 
initial seeding density was the same for both 2D and 3D cultures. For 
example, it took 24 hours for the A549 cell line to attain the plateau stage 
as monolayers while the 3D counterparts reached he plateau stage at the 
288 hours in culture. Similarly, it took 72 hours for the NCI H23 cell line 

to attain the plateau stage as monolayers while the 3D counterparts 
reached the plateau stage at the 168th hour. 

Studies on susceptibility to cytotoxic and genotoxic agents 

Cells grown as 3D aggregates are less susceptible to chemotoxic and 
genotoxic agents. This is primarily due to the formation of spheroids or 
aggregates that will prevent the exposure of all the cells constituting 
these aggregates to the exposed toxic agents. This type of exposure is 
more realistic from an in vivo solid tumor situation when compared to 
the uniform spread of a monolayer of cells grown in 2D where all the 
cells are directly exposed to the drugs supplemented to their cultures. We 
have demonstrated the shift in the IC 50 values (50% inhibition) induce 
by cytotoxic and genotoxic drugs including cisplatin, bleomycin and UV 
on the SiHa, BMG-1, Sp2/0, A549 and MCF-7 cell lines. The 
cytotoxicity, genotoxicity and anti-proliferative effects of the drugs used 
showed marked differences among 2D and 3D cultures of all the cell 
lines studied. The 3D aggregates required larger doses of drug exposure 
to induce IC50 compared to their 2D monolayers.  Also, we could notice 
that genotoxicity as induced by bleomycin in a normally resistant cell 
line BMG-1 could be quantified in larger doses by using 3D aggregates 
by DNA fragmentation assay. In such situations, conventional 

Figure 3. 3DRs can be obtained by harvesting 3D aggregates at their end-exponential or plateau culture phase and introducing them into 
scaffold/matrix-free culture units such as a Petri-plate or culture plates with wells. The aggregates behave like explants with a few cells migrating out 
initially and finally, all the cells of the aggregate will form monolayers.  
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monolayers fail to provide an indicative toxicity-inducing dose of a 
genotoxic drug. DNA fragmentation as induced by high doses of 
genotoxic drugs will be more clearly visualized by exposing them to 3D 
aggregates which is not easy using their 2D monolayer counterparts. 
During the course of our work on the effects cytotoxic and genotoxic 
agents as comparative studies among 2D and 3D counterparts of cell 
lines, we could prove that the agarose hydrogels do not interfere with the 
drug activity. We have demonstrated that no loss of drug activity occurs 
while using agarose hydrogels either by the absorption of the drug or 
otherwise.  

Studies on gene and protein expressions 

The main aim of the studies on obtaining 3D aggregates of cancer cell 
lines is to prove/demonstrate that they behave fundamentally different 
when compared to their 2D counterparts. Thus, one aspect, which I 
considered as having significant implications for cancer biomarker 
discovery, is to look at the protein expression profile changes among 2D, 
and 3D cultures of different cell lines. Also, such changes between the 
monolayers and progressively developing 3D aggregate cultures were 
performed to demonstrate the 3D culture-induced protein expression 
changes in cancer cell lines. As the overall objective was to enhance the 

utility of cancer cell lines for research by way of culturing them in 3D 
conditions, the protein profiling was performed by SDS PAGE analysis 
and specific proteins were not looked into. However, a thorough review 
of cancer protein markers as occurring in vivo and a comparison with the 
results obtained showed promising utility of 3D cultures for protein 
expression studies. 

Studies on cytokine profiling  

Cytokines are important signalling molecules and several cytokines 
apart from complex cytokine networks have known to be associated with 
various cancer types. We proposed that the extracellular matrix 
surrounding the cancer cells can have a deterministic effect on the action 
of cytokines on the target cancer cells. We feel that the activities of “self 
cytokines” (secreted by the cancer cells themselves) and the “non-self 
cytokines” (secreted by other cells) can be modulated by the 
extracellular matrix of the cancer cells, especially for solid tumors. We 
have analyzed the cytokine profile differences among 2D, progressively 
developing 3D aggregates and 3DRs of BMG-1 cell line. We also have 
extensively reviewed the cytokines implicated in human cancers and 
presented them by the cancer type and the tissue type in the Journals 
“Journal of Cellular Biochemistry” (J Cell Biochem. 118(9) 
2544–2558). 

Figure 4. The various aspects studied using 3D cultures of cancer cell lines and their possible applications/uses are outlined. 
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Establishing 3D cultures in the 96-well format 

Apart from obtaining 3D cultures of the various cell lines studied in 
petri-plates, 6-, 12-, and 24-well plates, we could establish 3D cultures 
in 96-well plates. We obtained BMG-1 cell line 3D aggregates in 96-
well plates in a manner that all wells had the aggregates with similar 
morphological features. Such culture models enable us to grow 
simultaneous 2D monolayers and 3D aggregates as triplicates or even 
more. These cultures were utilized to study the cytotoxicity and anti-
proliferative effects of the drugs cisplatin and bleomycin.  

3D Reverts (3DRs) 

Essentially, the advancements in cell culture techniques have allowed 
for the traditional monolayer/suspension cultures to evolve into more 
complex 3D cultures. It is known and proven beyond doubt that 3D 
cultures are better material of study compared to their 2D counterparts. 
3D cultures are known to take the culture systems a little closer to the 
natural in vivo conditions from the totally in vitro (rather mechanical) 
monolayer cultures. We have for the first time reported the 3DRs which 
are obtained by reversing the 3D aggregates back into monolayers. 
3DRs are obtained by plating 3D aggregates into matrix/scaffold-free 
culture units, akin to traditional 2D culture methods (Figure 3). We feel 
that such 3DRs can be useful material for studies related cell migration 
and metastasis. Assays such as the wound-healing and cell migration 
assays can be conveniently performed using 3DRs. 

The Epithelial-Mesenchymal Transition (EMT) is the mechanism by 
which tumor cells lose their epithelial charachteristics (loss of surface 
markers and cell adhesion molecules) and acquire a mesenchymal 
phenotype. This transition is considered significant for the cancer cell 
migration into and through the basement membrane and metastasis. 
Also, a reverse process, the Mesenchymal-Epithelial Transition (MET) 
is considered as required for the cells undergoing metastasis to form 
tumors at the metastasized site. The 3D aggregates of cancer cell lines in 
general and the 3DRs in particular can be explored for usefulness in 
deciphering the events occurring for the EMT-MET transitions.  

Conclusion 

The various endpoints/aspects that we could study using 3D and 3DR 
cell cultures are outlined in Figure 4. The development of 3D aggregates 
in the 96-well culture plates using agarose hydrogels has potential 
applications in situations requiring for simultaneous assessments of 
several parameters. For example, the anti-proliferative effects or the 
cytotoxic effects of drugs can be analyzed in several sets of cultures 
simultaneously. Also, this model provides obtaining results on a 
comparative basis among 2D and 3D cultures simultaneously. 
Previously, such models were available for the monolayers where cells 
were cultured in 96 well plates and were subjected to several assays such 
as the MTT assay. One other unique contribution for enhancing the 
utility of cancer cell lines in vitro resulted was in the concept of 3D 
Reverts (3DRs). Again, we were the first to report the 3DRs and could 
do a comparative analysis of the 2D, 3D and the 3DRs in terms of the 
protein profiles and cytokine expression. The studies showed 
differences in the protein profiles as analysed by SDS PAGE and a 
range of cytokines as analyzed by ELISA. These studies utilized protein 
extracts from the cultured cells and the culture supernatants for the 
protein profiling and cytokine profiling respectively.  

Future Scope 

The following aspects will be the future scope in utilizing 3D cultures 
will be for the identification of specific candidate protein biomarkers as 

can be utilized for cancer diagnosis and as possible therapeutic markers. 
Development of monoclonal antibodies to protein biomarkers identified 
as can be utilized for diagnostic, prognostic and possible therapeutic 
interventions. Identification of candidate genes as can be utilized for 
diagnosis or for therapeutic interventions is also one area of future 
potential. Comparing the in vitro data obtained from 3D cultures with 
real-time human clinical samples to obtain data as can be translated to 
human health care. The 3DRs being a newly introduced concept, should 
be assessed for specific applications. Also, combining 3D cultures with 
microfluidic devices is the current trend in developing “spheroid chips” 
and “tumor-on-a-chip” models as relevant for cancer research and 
personalized cancer therapy.
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A smartphone's camera and flash could help people 
measure blood oxygen levels at home
First, pause and take a deep breath.

When we breathe in, our lungs fill with oxygen, which is distributed to 
our red blood cells for transportation throughout our bodies. Our bodies 
need a lot of oxygen to function, and healthy people have at least 95% 
oxygen saturation all the time.

Conditions like asthma or COVID-19 make it harder for bodies to 
absorb oxygen from the lungs. This leads to oxygen saturation 
percentages that drop to 90% or below, an indication that medical 
attention is needed.

In a clinic, doctors monitor oxygen saturation using pulse oximeters — 
those clips you put over your fingertip or ear. But monitoring oxygen 
saturation at home multiple times a day could help patients keep an eye 
on COVID symptoms, for example.

In a proof-of-principle study, University of Washington and University 
of California San Diego researchers have shown that smartphones are 
capable of detecting blood oxygen saturation levels down to 70%. This 
is the lowest value that pulse oximeters should be able to measure, as 
recommended by the U.S. Food and Drug Administration.

The technique involves participants placing their finger over the camera 
and flash of a smartphone, which uses a deep-learning algorithm to 
decipher the blood oxygen levels. When the team delivered a controlled 
mixture of nitrogen and oxygen to six subjects to artificially bring their 
blood oxygen levels down, the smartphone correctly predicted whether 
the subject had low blood oxygen levels 80% of the time.

The team published these results Sept. 19 in npj Digital Medicine.

“Other smartphone apps that do this were developed by asking people to 
hold their breath. But people get very uncomfortable and have to breathe 
after a minute or so, and that's before their blood-oxygen levels have 
gone down far enough to represent the full range of clinically relevant 
data,” said co-lead author Jason Hoffman, a UW doctoral student in the 
Paul G. Allen School of Computer Science & Engineering. “With our 
test, we're able to gather 15 minutes of data from each subject. Our data 
shows that smartphones could work well right in the critical threshold 
range.”

Another benefit of measuring blood oxygen levels on a smartphone is 
that almost everyone has one.

“This way you could have multiple measurements with your own device 
at either no cost or low cost,” said co-author Dr. Matthew Thompson, 
professor of family medicine in the UW School of Medicine. “In an 
ideal world, this information could be seamlessly transmitted to a 
doctor's office. This would be really beneficial for telemedicine 
appointments or for triage nurses to be able to quickly determine 
whether patients need to go to the emergency department or if they can 
continue to rest at home and make an appointment with their primary 
care provider later.”

The team recruited six participants ranging in age from 20 to 34. Three 
identified as female, three identified as male. One participant identified 
as being African American, while the rest identified as being Caucasian.

To gather data to train and test the algorithm, the researchers had each 
participant wear a standard pulse oximeter on one finger and then place 
another finger on the same hand over a smartphone's camera and flash. 
Each participant had this same set up on both hands simultaneously.

“The camera is recording a video: Every time your heart beats, fresh 
blood flows through the part illuminated by the flash,” said senior author 
Edward Wang, who started this project as a UW doctoral student 
studying electrical and computer engineering and is now an assistant 
professor at UC San Diego's Design Lab and the Department of 
Electrical and Computer Engineering.

“The camera records how much that blood absorbs the light from the 
flash in each of the three color channels it measures: red, green and 
blue,” said Wang, who also directs the UC San Diego DigiHealth Lab. 
“Then we can feed those intensity measurements into our deep-learning 
model.”

Each participant breathed in a controlled mixture of oxygen and nitrogen 
to slowly reduce oxygen levels. The process took about 15 minutes. For 
all six participants, the team acquired more than 10,000 blood oxygen 
level readings between 61% and 100%.

The researchers used data from four of the participants to train a deep 
learning algorithm to pull out the blood oxygen levels. The remainder of 
the data was used to validate the method and then test it to see how well it 
performed on new subjects.

“Smartphone light can get scattered by all these other components in 
your finger, which means there's a lot of noise in the data that we're 
looking at,” said co-lead author Varun Viswanath, a UW alumnus who is 
now a doctoral student advised by Wang at UC San Diego. “Deep 
learning is a really helpful technique here because it can see these really 
complex and nuanced features and helps you find patterns that you 
wouldn't otherwise be able to see.”

The team hopes to continue this research by testing the algorithm on 
more people.

“One of our subjects had thick calluses on their fingers, which made it 
harder for our algorithm to accurately determine their blood oxygen 
levels,” Hoffman said. “If we were to expand this study to more subjects, 
we would likely see more people with calluses and more people with 
different skin tones. Then we could potentially have an algorithm with 
enough complexity to be able to better model all these differences.”

Photo: Dennis Wise/University of Washington
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Termites may have a larger role in future ecosystems

Most people think termites are a nuisance that consume wood in homes 
and businesses. But those termites represent less than 4% of all termite 
species worldwide.

Termites are critical in natural ecosystems—especially in the 
tropics—because they help recycle dead wood from trees. Without such 
decayers, the world would be piled high with dead plants and animals.

But these energetic wood-consuming insects could soon be moving 
toward the North Pole and South Pole as global temperatures warm from 
climate change, new research indicates.

In a new international study led by the University of Miami and 
including a University of Michigan co-author, researchers learned that 
termites are pivotal when it comes to breaking down wood, contributing 
to Earth's carbon cycle. They also learned that termites are very sensitive 
to temperature and rainfall, so as temperatures heat up, the insect's role 
in wood decay will likely expand beyond the tropics.

“With temperatures warming, the impact of termites on the planet could 
be huge,” said study leader Amy Zanne, a University of Miami biology 
professor.

University of Michigan biologist Aimée Classen is a co-author of the 
study published online in the journal Science. She led a team that 
investigated a field site in Vermont.

“We know that species are moving due to warming and changes in 
rainfall, but we know less of what those movements might mean for 
ecosystems and carbon feedbacks,” said Classen, a professor in the 
Department of Ecology and Evolutionary Biology and director of the 
University of Michigan Biological Station.

“This study is one of the first that connects the dots among a species' 
movement, changes in an ecosystem process, and climate change to 
show that the movement of an organism as small as a termite can cascade 
to impact the rate that wood—a global carbon stock—is decomposed.”

For the study, more than 100 collaborators studied locations across the 
globe where bacteria, fungi and termites consume dead wood. They also 
investigated how temperature and rainfall could impact the discovery 
and decay of wood by using the same experimental setup at more than 
130 sites in a variety of habitats across six continents. Their results 
suggest that areas with high termite activity should increase as Earth 
becomes warmer and drier.

“Termites had their biggest effects in places like tropical savannas and 
seasonal forests and subtropical deserts,” Zanne said. “These systems 
are often underappreciated in terms of their contributions to the global 
carbon budget.”

Collaborator Amy Austin of the Universidad de Buenos Aires said the 
global study helped scientists glean broader insight about wood decay.

“The inclusion of arid, hot bioregions, particularly in the Southern 
Hemisphere where termites are often plentiful and active, allowed for 
novel insight into their role in carbon turnover,” she said. “As ecologists, 
we may need to broaden our consideration of woody ecosystems beyond 
a closed-canopy forest and recognize that woody carbon stores in drier 
ecosystems are an important component of the global carbon cycle.”

Although microbes and termites both decompose dead wood, there are 
important differences between them. While microbes need water to 
grow and to consume wood, termites can function at relatively low 
moisture levels. In fact, termites can search for their next meal even if it 
is dry out. They carry what they want back to their mounds, or even move 
their colony into the wood they are consuming.

“Microbes are globally important when it comes to wood decay, but we 
have largely overlooked the role of termites in this process,” Zanne said. 
“This means we are not accounting for the massive effect these insects 
could pose for future carbon cycling and interactions with climate 
change.”

Like little cows, termites release carbon from the wood as methane and 
carbon dioxide, which are two of the most important greenhouse gases. 
Therefore, termites may increasingly contribute to greenhouse gas 
emissions with climate change, according to the researchers.

“I am fascinated by how microbial and termite wood decay affect how 
carbon is being released back into the environment,” said Zanne, who 
has studied the feedbacks from wood-based carbon release for more than 
a decade.

Classen said that being part of a global science team was rewarding and 
yielded lots of valuable data.

Source: University of Michigan news release. Author: Megan Ondrizek, 
University of Miami

But, the researchers said, this is a good first step toward developing 
biomedical devices that are aided by machine learning.

“It's so important to do a study like this,” Wang said. “Traditional 
medical devices go through rigorous testing. But computer science 
research is still just starting to dig its teeth into using machine learning 
for biomedical device development and we're all still learning. By 
forcing ourselves to be rigorous, we're forcing ourselves to learn how to 
do things right.”

Source: University of Washington news release. Author: Sarah 
McQuate

A smartphone's camera ....

Asian subterranean termite (Coptotermes gestroi) soldier in carton nest. 
C. gestroi is a wood-feeding termite. Image credit: Thomas Chouvenc
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The first look at how rabies affects vampire bat social 
behavior

Vampire bats infected with the rabies virus aren't likely to act 
stereotypically “rabid,” according to a new study – instead, infected 
male bats tended to withdraw socially, scaling back on the common 
habit of grooming each other before they died of the disease. 

The study was the first to observe how rabies affects vampire bat social 
behavior, and one of only a few research efforts to understand how 
rabies infection impacts behavior in one of the species most responsible 
for causing rabies outbreaks in humans and livestock in Latin America. 
The virus is typically transmitted to other species by direct contact 
between vampire bats' infected saliva and the broken skin of the 
livestock or other animals (and, rarely, humans) they bite to feed on 
blood. 

In the roost, vampire bats might infect each other through the licking and 
chewing that constitute the grooming behavior they engage in for up to 
5% of their active time, said Gerald Carter, senior author of the study and 
assistant professor of evolution, ecology and organismal biology at The 
Ohio State University. 

“Despite that possibility, no previous studies had tried to quantify 
changes in grooming habits in vampire bats infected with rabies,” Carter 
said. “It could be that vampire bats' tendency to withdraw from social 
activity when they're sick that we've seen in our earlier work lowers the 
likelihood for rabies transmission to groupmates despite living in close 
quarters inside the roost.” 

The study was led by co-first authors Sebastian Stockmaier, an Ohio 
State University President's Postdoctoral Scholar in Carter's lab, and 
Elsa Cárdenas-Canales, then a PhD student and now a postdoctoral 
scholar in pathobiological sciences at the University of Wisconsin-
Madison. 

The research was published recently in the journal Biology Letters.

Previous research in a variety of animal species and humans has shown 
that there are two observed responses to rabies infection: “furious” 
symptoms of increased aggression, or “paralytic” symptoms that lead to 
lethargy and paralysis. The furious response is expected to increase 
transmission to other hosts.

In this work, the researchers equipped a lab with infrared surveillance 
cameras to observe 40 male common vampire bats that were part of a 
larger sample of bats used to test a rabies vaccine candidate. Groups of 
bats subjected to three treatments – oral vaccination, topical vaccination 
or placebo – were placed together in cages for four months before being 
challenged with a coyote variant of the rabies virus. 

One day after the challenge, the team began quantifying behaviors from 
three one-hour sample periods each night, recording the absence or 
presence of either grooming or aggression. The team analyzed the 
resulting 18,808 behavioral samples to estimate behavior rates. 

“We were generally interested in how social behaviors that might be 
relevant to rabies transmission – allogrooming and aggression – 
changed when vampire bats were infected,” Stockmaier said. 

All bats showed low rates of aggression and, compared to their healthy 
cagemates, rabid vampire bats showed a reduction over time in giving 
and receiving grooming. The effect was first seen about 12 days after 

inoculation with the virus and got stronger closer to when the bats died. 

The researchers can't be sure what caused the decrease in grooming – 
whether it resulted from a general immune response that made the bats 
sick and lethargic, and therefore less social, or from dysfunction of the 
central nervous system from the rabies infection. 

Cárdenas-Canales noted that signs of either the aggressive or paralytic 
forms of rabies are the last to show before the animal dies – suggesting 
that disease transmission can occur without any obvious changes in 
behavior. 

“In some cases, asymptomatic bats fly, forage and interact normally 
while having infectious saliva – making every bite, by feeding or 
fighting, potentially infectious,” she said. “We could learn even more by 
measuring how often bats in the late stages of disease shed virus in their 
saliva and get fed by others, and what this might implicate for rabies 
transmission.”

The results, in male vampire bats, which can be aggressive toward each 
other, actually raise a question about a common idea regarding rabies 
infection – that the virus manipulates its host into becoming aggressive 
to improve the chances for viral transmission. 

“Rabies might not have to manipulate the behavior of its host if the host 
is frequently aggressive anyway or if it is likely to bite other animals to 
feed,” Stockmaier said. “This remains to be tested.” 

Another possible explanation for not observing increased aggression is 
that the behavioral effects of rabies are highly variable and might differ 
by the viral strain. The researchers noted that bats infected with variants 
from other populations or other species did not show clear “furious” 
rabies in six other cases, but three observational studies did record signs 
of increased aggression, and these were all in vampire bats that were 
naturally exposed to rabies in the wild. 

Source: Ohio State University news release. Author: Emily Caldwell 

Photo: Rachel Moon
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The thinking undead: how dormant bacteria calculate their return to life

Facing starvation and stress conditions, some 
bacteria enter a dormant state in which life 
processes stop. Shutting down into a deep 
dormancy allows these cells, called spores, to 
withstand punishing extremes of heat, 
pressure and even the harsh conditions of 
outer space.

Eventually, when conditions become 
favorable, spores that may have been dormant 
for years can wake up in minutes and spring 
back to life. Spores wake up by re-hydrating 
and restart ing their  metabolism and 
physiology. But until now scientists did not 
know whether spores can monitor their 
environment “in their sleep” without waking 
up.  University of California San Diego 
biologists have solved this mystery in a new 
study published in the journal Science. 
Researchers in the School of Biological 
Sciences discovered that spores have an 
extraordinary ability to evaluate their 
surrounding environment while remaining in 
a physiologically dead state. They found that 
spores use stored electrochemical energy, 
acting like a capacitor, to determine whether 
conditions are suitable for a return to normal 
functioning life. “This work changes the way 

we think about spores, which were considered 
to be inert objects,” said Gürol Süel, a 
professor in the Department of Molecular 
Biology. “We show that cells in a deeply 
dormant state have the ability to process 
information. We discovered that spores can 
release their stored electrochemical potential 
energy to perform a computation about their 
environment without the need for metabolic 
activity.” Süel and his colleagues tested 
whether dormant Bacillus subtilis spores 

could sense short-lived environmental signals 
that were not strong enough to trigger a return 
to life. They found that spores were able to 
count such small inputs and if the sum reached 
a certain threshold, they would decide to exit 
the dormant state and resume biological 
activity. Developing a mathematical model to 
help explain the process, the researchers 
discovered that spores use a mechanism 
known as integrate-and-fire, based on fluxes 
of potassium ions for appraising the 
surrounding environment. They found that 
spores responded to even short-lived favorable 
signals that were not enough to trigger an exit 
from dormancy. Instead of waking up, spores 
released some of their stored potassium in 
response to each small input and then summed 
consecutive favorable signals to determine if 
conditions were suitable for exiting. Such a 
cumulative signal processing strategy can 
reveal whether external conditions are indeed 
favorable, and prevents spores from “jumping 
the gun” into a world of unfavorable 
conditions.

Source: University of California San Diego 
news release

Biomedical Science

Intestinal fortitude: Gut coils hold secrets of organ formation
A study published in the journal Science finds 
that gut rotation during development is 
orchestrated by two waves of expression of a 
transcription factor called Pitx2. The second 
wave, it turns out, is triggered by mechanical 
cues within an elastic tissue that anchors the 
gut tube, and later becomes a conduit for blood 
and lymphatic vessels that supply the gut tube. 
The findings have important implications for 
understanding the basic mechanisms of how 
organs form, which could aid efforts to 
diagnose and prevent birth defects, such as 
intestinal malrotation and volvulus, where 
developing intestines become twisted and 
strangle themselves.

“The entire gastrointestinal tract is one tube 
that absorbs all of our nutrients, and it's giant, 
so it has to loop to fit inside our body,” said 
Natasza Kurpios, senior author of the study.  
“What we found years ago is that looping is 
highly conserved and it 's  very, very 
regulated,” Kurpios said. It turns out that 
organs such as the heart, liver, lungs and gut 
(intestines) are all asymmetrically situated – 
found on one side of the body, or spanning the 

left and right, but not centered. Understanding 
how the gut forms with left-right asymmetry 
could reveal patterns of development found in 
other organs, such as the heart.

Previous work has shown that a gene called 
Nodal induces the first wave of Pitx2 to 
establish the early body plan. But Nodal's 
presence is short-lived, and once it stimulates 
Pitx2 expression, it disappears before gut 

rotation occurs. So, for a long time it has been 
unknown how Pitx2 stays active to direct gut 
rotation when Nodal is gone. “Our first 
surprise was that Pitx2 expression actually 
goes away and then it comes back as the gut 
tube is ready to loop,” Kurpios said. “And so 
the question was, what wakes Pitx2 up?” The 
researchers found that a sensor, TGF-beta, lies 
latent until it gets activated by mechanical 
forces. In the case of the gut, this is dictated by 
the dorsal mesentery which attaches to and 
holds the gut tube in place. To direct rotation, 
the dorsal mesentery tissue dramatically 
expands on the right side and compacts on the 
left. When it does so, TGF-beta senses these 
changing forces and activates expression of a 
second wave of Pitx2, which stimulates gut 
tube looping.  In other words, the wave of 
Pitx2 that establishes body asymmetry is 
different from the wave that rotates the gut. 

Source: Cornell University news release
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Bird's enzyme points toward novel therapies

A new study by Rice University chemist Han 
Xiao, theoretical physicist Peter Wolynes and 
their colleagues shows that amino acid, 
sulfotyrosine (sTyr), a mutant of the standard 
amino acid tyrosine, is a key building block to 
program living cells that express therapeutic 
proteins. It could potentially allow cells to 
serve  as  sensors  that  moni tor  thei r 
environments and respond with the necessary 
treatment. Mimicking the bird crested ibis' 
ability to synthesize sTyr and incorporate it 
into proteins requires modifying a cell's DNA 
with a mutant codon that, in turn, makes the 
transferase enzyme, sulfotransferase 1C1, 
found in the bird. This catalyzes the 
generation of sTyr, an essential recognition 
moiety in a variety of biomolecular 
interactions.

The proof-of-concept study produced for the 
first-time mammalian cells that synthesize 
sTyr. In an experiment, the Xiao lab made 
cells that enhanced the potency of thrombin 
inhibitors, anticoagulants used to prevent 
blood clotting. The study appears in Nature 
Communications.

“In nature, most of our species are made with 

20 canonical building blocks,” Xiao said. “If 
you want to add an additional building block, 
you need to think about how to make it. We 
solved that problem: We can ask the cell to 
make it. “But then we have to have the 
translational machinery to recognize it. And a 
special codon to encode this new building 
block,” he said. “With this study, we've 
fulfilled all three of these requirements.” Up 
to now, scientists would feed chemically 

synthesized noncanonical amino acids into 
cells. Having the cell do the work is far more 
efficient, Xiao said, but that requires the 
discovery of a new transferase enzyme with 
tyrosine pockets that could bind sulfate. That 
lock-and-key combination could then be used 
as the foundation for a variety of catalysts. 
“Now, through this new strategy to modify 
proteins, we can totally change a protein's 
structure and its function,” he said. “For our 
thrombin inhibitors models, we showed that 
putting an unnatural building block in the drug 
can make the drug much more potent.” The 
Xiao lab employed a mutant amber stop 
codon, a three-nucleotide group of uracil, 
adenine and guanine, to encode the desired 
sulfotransferase, resulting in a completely 
autonomous mammalian cell line capable of 
biosynthesizing sTyr and incorporating it with 
great precision into proteins. The Wolynes 
team employed AlphaFold2, an artificial 
i n t e l l i gence  p rog ram deve loped  by 
Alphabet/Google's DeepMind that predicts 
proteins structures.

Source: Rice University news release. 

Biotechnology

Scientists grow macroscale, modular materials from bacteria

Bioscientists at Rice University have intro-
duced centimeter-scale, slime-like colonies of 
engineered bacteria that self-assemble from 
the bottom up. It can be programmed to soak 
up contaminants from the environment or to 
catalyze biological reactions, among many 
possible applications. “We're making material 
from bacteria that acts like putty,” Ajo-
Franklin, a lead researcher said. The study 
published in Nature Communications details 
the lab's creation of flexible, adaptable ELMs 
using Caulobacter crescentus as a biological 
building block.  It involved engineering the 
bacteria to display and secrete the biopolymer 
matrix that gives the material its form. C. 
crescentus already expresses a protein that 
covers its outer membrane like scales on a 
snake. The researchers modified the bacteria 
to express a version of that protein, which they 
call BUD (for bottom-up de novo as in from , 
scratch), with characteristics not only 
favorable to forming ELMs (dubbed BUD-
ELMs) but also providing tags for future 
functionali-zation.

We wanted to prove that it's possible to grow 

materials from cells, like a tree grows from a 
seed,” said Sara Molinari , a postdoctoral 
researcher in Ajo-Franklin 's lab and lead 
author of the study. “The transformative 
aspect of ELMs is that they contain living 
cells that allow the material to self-assemble 
and self-repair in case of damage. Moreover, 
they can be further engineered to perform non-
native functions, such as dynamically 
processing external stimuli.”

Molinari, who earned her doctorate at Rice in 
the lab of bioscientist Matthew Bennett , said 
BUD-ELM is the most customizable example 
of an autonomously formed, macroscopic 

ELM. “It shows a unique combination of high 
performance and sustainability,” she said. 
“Thanks to its modular nature, it could serve as 
a platform to generate many different 
materials.” ELMs grow in a flask in about 24 
hours, according to the researchers. First, a thin 
skin forms at the air-water interface, seeding 
the material. Constant shaking of the flask 
encourages the ELM to grow. Once it expands 
to a sufficient size, the material sinks to the 
bottom and grows no further.

“We found the shaking process influences how 
big of a material we get,” said co-author Robert 
Tesoriero Jr.  The functional materials 
produced are robust enough to survive in a jar 
on the shelf for three weeks at room temp-
erature, meaning they can be transported with 
no refrigeration. ELMs could be especially 
useful for environmental reme-diation in low-
resource settings. C. crescentus is ideal for this  
as it requires less nutrients to grow than many 
bacteria.

Source: Rice University news release. 
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Study reveals mechanism for how disease-spreading prions can jump 
from one species to another

In a new study, researchers from Case Western 
Reserve University School of Medicine have 
identified the structure of protein fibrils linked 
to a hereditary form of human prion disease. 
“One of the major remaining questions in the 
field of prion diseases has been why these 
diseases are transmissible between some 
animal species but not others,” said Witold 
Surewicz, a professor in the Department of 
Physiology and Biophysics at the School of 
Medicine and the study's senior author. “Our 
findings explain how this works.” The study, 
funded by the National Institutes of Health, 
was published Sept. 12 in the scientific journal 
Nature Structural & Molecular Biology. 
Qiuye Li, a postdoctoral fellow at the School 
of Medicine, was lead author. The study was 
co-authored by Christopher Jaroniec, a 
professor of chemistry and biochemistry at 
Ohio State University. 

Prion diseases, also known as “transmissible 
spongiform encephalopathies,” are a group of 
infectious brain-wasting disorders that 
include, among others, Creuzfeldt-Jakob 
disease in humans, bovine spongiform 

encephalopathy (mad cow disease) in cattle 
and chronic wasting disease in deer and elk. 
These fatal disorders are unique because of 
their infectious pathogen—which is not a 
virus but an abnormally shaped form of the 
prion protein. This misshaped protein 
assembles into long fibrils that spread by 
acting as a template—or “seed”—that binds to 
normal prion protein and forces it to change 
shape into an abnormal, disease-causing form, 
Surewicz said. While abnormally shaped 
proteins can readily act as templates to convert 
normal prion proteins from the same species, 
cross-seeding is believed to be restricted due 

to species-dependent differences in the 
sequence of amino acids—the basic building 
blocks of each protein. “It appears that the 
barriers—or lack thereof—are fully dictated 
by the ability of prion protein from one species 
to adopt the structure of prion fibril seeds from 
another species,” Li said. “This, in turn, 
depends on differences in amino acid at key 
structure-determining posit ions.” By 
analyzing in the computer thousands of images 
of fibrils formed by human and mouse model 
pr ion prote ins ,  they determined the 
architecture of these fibrils at a resolution 
close to individual atoms. This structural 
insight allowed the researchers to explain, in 
prec ise  s t ruc tura l  te rms,  why pr ion 
transmissibility barriers exist between some 
species while no such barriers are observed 
between other species.

Source: Case Western Reserve University 
news release

Biotechnology

Creating stem cells from minipigs offers promise for improved 
treatments

A team led by University of Wisconsin -
Madison Stem Cell & Regenerative Medicine 
Center researcher Wan-Ju Li offers an 
improved way to create a particularly valuable 
type of stem cell in pigs – a cell that could 
speed the way to treatments that restore 
damaged tissues for conditions from osteo-
arthritis to heart disease in human patients. In 
a study published in Scientific Reports, Li's 
team also provides insights into the repro-
gramming process that turns cells from one 
part of the body into pluripotent stem cells, a 
type of building block cell that can transform 
into any type of tissue. These new insights will 
help researchers study treatments for a wide 
range of diseases. The researchers turned to 
pigs, a well-established animal model for 
potential human treatments, because trans-
lating research to improve human health is 
deeply important to Li, a professor of 
Orthopedics and Rehabilitation and Bio-
medical Engineering. He has spent much of 
his career studying cartilage and bone 
regeneration to develop innovative therapies 

to help people. Li and his team obtained skin 
cells from the ears of three different breeds of 
miniature pigs — Wisconsin miniature swine, 
Yucatan miniature swine and Göttingen 
minipigs. The researchers reprogrammed the 
cells to create induced pluripotent stem cells 
and demonstrated that they have the capacity 
to become different types of tissue cells. 
Pluripotent stem cells are the body's master 
cells, and they are invaluable to medicine 
since they can be used for the regeneration or 
repair of damaged tissues. Findings of this 
study suggest that the miniature pig is a 

promising animal model for pre-clinical 
research. The team plans to use the established 
pig model to reproduce their recent findings of 
cartilage regeneration in rats as reported in 
Science Advances. Regenerating cartilage in 
animals even more alike to humans moves 
science one step closer to helping patients 
exper ienc ing  jo in t  d i seases  such  as 
osteoarthritis. “In successfully developing 
induced pluripotent stem cells from three 
different breeds of minipigs, we learned we can 
take somatic skin cells from these pigs that we 
programmed ourselves and then inject them 
back into the same animal to repair cartilage 
defects,” says Li. “Or we can create induced 
pluripotent stem cells from the skin cell that 
carried the gene causing cartilage diseases 
such as chondrodysplasia and put that into the 
culture dish and use that as a disease model to 
study disease formation.” Li says the approach 
can be applied to regenerative therapies 
targeting any organ or tissue.

Source: University of Wisconsin–Madison 
news release. 
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Bacterial vesicles coated on gold nanoparticles to combat TB

Researchers from the Indian Institute of 
Science (IISc) have designed a new method to 
deliver a vaccine candidate for tuberculosis 
(TB). It involves using spherical vesicles 
secreted by bacteria coated on gold 
nanoparticles which can then be delivered to 
immune cells. This can potentially trigger an 
immune response and offer protection against 
the disease. Caused by the bacterium 
Mycobacterium tuberculosis, TB kills over a 
million people worldwide every year. The 
only effective vaccine currently in use is the 
BCG vaccine. While the BCG vaccine works 
well in children, it is not as effective at 
protecting adolescents and adults. This 
prompted Rachit  Agarwal ,  Assis tant 
Professor at the Centre for BioSystems 
Science and Engineering (BSSE), IISc, and 
his group to develop a potential subunit 
vaccine candidate that contains only parts of 
the infectious bacterium to stimulate an 
immune response. Scientists have earlier 
developed subunit vaccines based on just a 
handful of proteins from the disease-causing 
bacteria, but none of them have been effective 
so far. Instead, Agarwal's group decided to use 
Outer Membrane Vesicles (OMVs). OMVs 
are spherical membrane-bound particles 

released by some bacteria, and contain an 
assortment of proteins and lipids which could 
induce an immune response against the 
pathogen. “They're safer compared to a live 
bacterium, and since they are membrane-
derived, they contain all kinds of antigens,” 
explains Agarwal, the senior author of the 
paper published in Biomaterials Advances. 
Subunit vaccines typically only contain a 
limited number of antigens – bacterial 
proteins that can elicit an immune response in 

the host. In contrast, OMVs contain a variety 
of antigens and can induce a better immune 
response, according to the researchers. 
Mycobacterium-derived OMVs are usually 
unstable and come in different sizes, making 
them unsuitable for vaccine applications. But 
the OMVs coated on gold nanoparticles 
(OMV-AuNPs) by the IISc team were found 
to be uniform in size and stable. The 
researchers also found that human immune 
cells showed a higher uptake of OMV-AuNPs 
than of OMVs or gold nanoparticles alone. 
“Producing the OMVs is a complex process, 
and scaling it up was challenging,” says Avijit 
Goswami, a former postdoctoral fellow at 
BSSE and one of the first authors of the study. 
“To synthesise OMV-AuNPs, the OMVs and 
the gold nanoparticles are forced together 
through a 100 nm filter. The OMVs break up in 
the process and encapsulate the gold 
nanoparticles,” explains Edna George, a 
former postdoctoral fellow at BSSE, and co-
first author of the study.

Source: IISc news release. 

Environmental Science

Malaria spike tied to amphibian die-off
Dozens of species of frogs, salamanders and 
other amphibians vanished from parts of Latin 
America in the 1980s and 2000s, drawing little 
notice beyond a small group of ecologists. Yet 
the amphibian decline had direct health 
consequences for people, according to a study 
co-authored by a University of Maryland 
biologist. The study, published in the journal 
Environmental Research Letters, links an 
amphibian die-off in Costa Rica and Panama 
with a spike in malaria cases in the region. At 
the spike's peak, up to 1 person per 1,000 
annually contracted malaria who normally 
would not have absent the amphibian die-off, 
the study found. “This study shows how 
connected humans are to the natural 
environment, an idea we call One Health, 
which describes how the health of the 
environment is related to the health of the 
animals and the people who live there,” said 
Professor Karen Lips, a co-author.

From the early 1980s to the mid-1990s, a 
deadly fungal pathogen, Batrachochytrium 
dendrobatidis, traveled across Costa Rica, 
devastating amphibian populations. This 

amphibian chytrid fungus continued its path 
eastward across Panama through the 2000s. 
Globally, the pathogen led to the extinction of 
at least 90 amphibian species, and to the 
decline of at least 500 additional species. 
Shortly after the mass die-off of amphibians in 
Costa Rica and Panama, both countries 
experienced a spike in malaria cases. Some 
frogs, salamanders and other amphibians eat 
hundreds of mosquito eggs each day, and 
mosquitoes are a vector for malaria. Scientists 
wondered, could the crash in amphibians have 
influenced the rise in malaria cases?

To find out, the researchers combined their 
knowledge of amphibian ecology, newly 

digitized public health record data, and data 
analysis methods developed by economists, 
along with Lips' long-term database of 
amphibian abundance and the arrival and 
spread of a wildlife disease collected in Costa 
Rica and Panama starting in the early 1990s. 
The results show a clear connection between 
the time and location of the spread of the fungal 
pathogen and the time and location of increases 
in malaria cases. The scientists found no 
evidence of other variables that could both 
drive malaria and follow the same pattern of 
die-offs. “Stable ecosystems underpin all sorts 
of aspects of human well-being, including 
regulating processes important for disease 
prevention and health,” said lead author 
Michael Springborn. “If we allow massive 
ecosystem disruptions to happen, it can 
substantially impact human health in ways that 
are difficult to predict ahead of time and hard to 
control once they're underway.”

Source: University of Maryland news release
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Protein family shows how life adapted to oxygen

Corne l l  s c i en t i s t s  have  c r ea t ed  an 
evolutionary model that connects organisms 
living in today's oxygen-rich atmosphere to a 
time, billions of years ago, when Earth's 
atmosphere had little oxygen – by analyzing 
ribonucleotide reductases (RNRs), a family of 
proteins used by all free-living organisms and 
many viruses to repair and replicate DNA. 
“By understanding the evolution of these 
proteins, we can understand how nature 
adapts to environmental changes at the 
molecular level. In turn, we also learn about 
our planet's past,” said Nozomi Ando, 
corresponding author of the study published 
in eLife Digest. This undertaking involved a 
large dataset of 6,779 RNR sequences; the 
phylogeny took several high-performance 
computers a combined seven months (1.4 
million CPU hours) to calculate. Made 
possible by computing advances, the 
approach opens up a new way to study other 
d ive r s e  p ro t e in  f ami l i e s  t ha t  have 
evolutionary or medical significance. RNRs 
have adapted to changes in the environment 
over billions of years to conserve their 
catalytic mechanism because of their essential 

role for all DNA-based life, Ando said. Her 
lab studies protein allostery – how proteins 
are able to change activity in response to the 
environment. The evolutionary information 
in a phylogeny gives us a way to study the 
relationship between the primary sequence of 
a protein and its three-dimensional structure, 
dynamics and function. RNRs are thought to 
have ancient origins because they catalyze the 
reaction of converting RNA building blocks 
into DNA building blocks, Ando said, making 
them ideal for finding a molecular record. 
“This chemistry would have been needed to 
transition from the hypothesized RNA world 
to the DNA/protein world that we currently 
live in,” Ando said. “Based on the co-factors 
that RNRs use, it also is clear that this enzyme 

family has adapted to oxygen increasing in the 
Earth's atmosphere. Both of these transitions 
took place billions of years ago.” The 
researchers calculated the RNR phylogeny by 
gathering a dataset of more than 100,000 
s e q u e n c e s  a n d  c u r a t i n g  d o w n  t o  a 
computationally tractable dataset of 6,779 
sequences while maintaining the diversity of 
the entire family. The sequences range in 
length from about 400 to 1,100 amino acids. 
Using models of how amino acids mutate, they 
compared the sequences with each other to 
determine when they diverged. From this 
work, the researchers discovered a new 
distinct group of RNRs that would explain 
how two different adaptations to oxygen on 
Earth emerged within this protein family. The 
findings support the idea that molecular 
adaptations to oxygen occurred much earlier 
than the large-scale environmental changes to 
the planet, as dated by geochemical records, 
Ando said.

Source: Cornell University news release

Medical Science

Exercise hormone halts Parkinson's disease symptoms in mouse study

Researchers from Johns Hopkins Medicine 
and the Dana Farber Cancer Institute in 
Boston have shown that the hormone irisin, 
which is secreted into the blood during 
endurance, or aerobic, exercise, reduces levels 
of a protein linked to Parkinson's disease and 
halts movement problems in mice. The 
research in Proceedings of the National 
Academy of Sciences.  Johns Hopkins 
Medicine's Ted Dawson and Dana Farber's 
Bruce Spiegelman worked together to look 
into the link between the exercise molecule 
irisin and Parkinson's disease. For unknown 
reasons, endurance exercise has long been 
found to alleviate symptoms of Parkinson's 
disease. Dawson, whose research focuses on 
neurodegenerative diseases, including 
Parkinson's disease, said one of the first clues 
to the link between exercise, Parkinson's 
disease, and irisin came from Spiegelman, 
whose first paper about irisin was published in 
2012 in Nature and subsequently in other 
scientific journals, showing that a protein 
called an irisin peptide is released into the 
blood and increases with endurance exercise. 
To test the effects of irisin on Parkinson's 

disease, Dawson and Spiegelman's teams 
began with a research model used by Dawson 
in which mouse brain cells are engineered to 
spread small, spindly fibers of alpha 
synuclein, a protein that regulates moods and 
movements related to the brain neuro-
transmitter dopamine. When alpha synuclein 
proteins clump, those clusters kill dopamine-
producing brain cells, a key trigger of 
Parkinson's disease. Fibrous clumps of alpha 
synuclein are very similar, says Dawson, to 
what is found in the brains of people with 
Parkinson's disease. In the laboratory model, 
the researchers found that irisin prevented the 
accumulation of alpha synuclein clumps and 

its associated brain cell death. Next, the 
research teams tested irisin's effects on mice 
engineered to have Park-inson's-like symp-
toms. They injected alpha synuclein into an 
area of the mouse brain, called the striatum, 
where dopamine-producing neurons extend. 
Two weeks later, the researchers injected a 
viral vector, which increased blood levels of 
irisin, which can cross the blood-brain barrier, 
into the mice. Six months later, mice that 
received irisin had no muscle movement 
deficits, while those injected with a placebo 
showed deficits in grip strength and their 
ability to descend a pole. Additional studies of 
brain cells among the mice given irisin showed 
that the exercise hormone lowered levels of 
Parkinson's disease-related alpha synuclein by 
between 50% and 80%. The research team 
demonstrated that irisin also speeds up the 
transport and degradation of alpha synuclein 
via fluid-filled sacs called lysosomes in brain 
cells.

Source: Johns Hopkins University news 
release
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Microbial Science

Light-based therapy weakens antibiotic-resistant bacteria

Antibiotics are standard treatments for 
fighting dangerous bacterial infections. Yet 
the number of bacteria developing a resistance 
to antibiotics is increasing. Researchers from 
Texas A&M University and the University of 
São Paulo are overcoming this resistance with 
light. The researchers tailored antimicrobial 
photodynamic therapy (aPDT) — a chemical 
reaction triggered by visible light — for use on 
antibiotic-resistant bacteria strains. Results 
showed the treatment weakened bacteria to 
where low doses of current antibiotics could 
effectively eliminate them. “Using aPDT in 
combination with antibiotics creates a 
synergy of interaction working together for a 
solution,” said Vladislav Yakovlev, a lead 
researcher. “It's a step in the right direction 
against resistant bacteria.” The research 
results were published in Proceedings of the 
National Academy of Sciences (PNAS). 
“Photodynamic therapy was a forgotten tool,” 
Yakovlev said. “Yet, bacteria cannot 
overcome it. There is no resistance.” Some 
human cancer cell therapies already use aPDT 
to prevent the growth of abnormal cells, but 
treating resistant bacteria with it is still a novel 

approach.

The researchers began their work by choosing 
the bacteria and the three main parts of aPDT 
needed to combat it: molecular oxygen, light, 
and a photosensitizer — something that 
creates a reaction between oxygen and light. 
An already FDA-approved dye called 
methylene blue served as the photosensitizer. 
The light sources were specially constructed 
panels of 25 LEDs in reflective cones built by 
the Technical Support Laboratory of the São 
Carlos Institute of Physics. Methicillin-
resistant  served as the Staphylococcus aureus
bacteria, and the researchers grew cultures 

with the blue dye in them to ensure the 
photosensitizer alone would not affect the 
bacteria. At first, the team used aPDT by itself 
at various light strengths, durations, and in a 
specific series of follow-up treatments to log 
the bacteria's response. The idea was to find 
the lowest dose and shortest series that could 
weaken the bacterial membranes and other 
resistance mechanisms. Cell recoveries and 
reproductions revealed how many generations 
it took before antibiotic resistance returned. 
Next, the researchers added measured levels 
and combinations of antibiotics at different 
time intervals after aPDT treatments to note 
the weakened bacteria's responses. “The use of 
antibiotics with aPDT is a unique idea,” 
Yakovlev said. “We can use lower doses of 
both to achieve our goal in contrast to using 
one or the other at higher doses that could have 
side effects.”

Source: Texas A&M University news release. 

Microbial Science

Decoding how bacteria talk with each other

In a study published in the journal mBio, 
researchers at the University of Wisconsin- 
Madison learned that a dras-tically scaled-
down model of a microbial community 
makes it possible to observe some of the 
complex interactions. In doing so, they 
discovered a key player in microbial comm-
unication: the presence or absence of an 
antibiotic compound produced by one of the 
community members affected the behavior 
of the other two members. Little is 
understood about how individual microbes 
interact with each other in communities, but 
that knowledge holds incredible promise. 
For example, the bacteria Bacillus cereus can 
protect plants by producing an antibiotic that 
deters the pathogen that causes “damping 
off,” a disease that kills seedlings and is 
costly to farmers. But biocontrol agents like 
B. cereus are not always effective. Some-
times plants treated with B. cereus flourish, 
sometimes they don't — and researchers are 
trying to understand why. “Bacteria do not 
live in isolation,” says Amanda Hurley, lead 
author of the new study; AAAS Science and 
Technology Policy Fellow; and former 

postdoc in the lab of UW–Madison professor 
Jo Handelsman, director of the Wisconsin 
Institute for Discovery. “If we could figure out 
how interactions between species change in 
the presence of multiple species, we can start 
to understand communication trends of whole 
microbial communities Using chemistry or 
genetics, we could interrupt certain conv-
ersations and amplify others, leading to 
microbiomes that interact with their 
environments more positively and predicta-
bly, whether it be humans, crops or the soil 
itself.”

Deciphering the interactions between 
microorganisms could help in engineering an 
environment more favorable to Bacillus 

cereus. Hurley and co-authors  set out to 
decode and translate the chemical conver-
sations. The group created a model system 
composed of three species — Flavobacterium 
johnsoniae and Pseudomonas koreensis were 
isolated with B. cereus from field-grown 
soybean roots — which they dubbed “The 
Hitchhikers of the Rhizosphere” or THOR. In 
the THOR community, gene expression was 
dominated by interactions with one member, P. 
koreensis. The results were mediated by the 
presence of the antibiotic koreenceine — the 
metaphorical hammer of THOR. This single 
molecule appears to affect the expression and 
interaction of thousands of genes across 
community networks. Deter-mining how 
koreenceine regulates the community's genes 
will be a fruitful avenue for further investi-
gation, according to the researchers.

Source: University of Wisconsin–Madison 
news release
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Neuroscience

Alzheimer's disease causes major metabolic changes in the brain

For the study, published in Alzheimers and 

Dementia, the investigators compared the 

levels of about 670 metabolites in postmortem 

human brain tissue samples obtained from 

people with Alzheimer's disease and from 

those who did not have the condition. These 

metabolites are small molecules produced 

during key metabolic processes in the brain, 

such as producing energy for brain cells or 

processing fats essential for efficient trans-

mission of information in the brain. Levels of 

more than half of the metabolites were altered 

in individuals diagnosed with Alzheimer's. 

The team linked the metabolic changes with 

memory loss and the char-acteristic build-up 

of protein tangles in the brain. In addition, the 

investigation revealed a new connection 

between cellular osmotic regulation and the 

disease. “Our study confirms that Alzheimer's 

disease causes massive metabolic changes in 

brain tissue,” said Jan Krumsiek, a lead 

researcher. “Many of the changes are linked to 

the disease's pathology.” They turned to 

consortium member Dr. David Bennett, 

director of the Rush Alzheimer's Disease 

Center at Rush University Medical Center in 

Chicago, to access brain tissue samples from 

the Religious Order Study and the Rush 

Memory and Aging Project. Bennett and his 

team followed a cohort of more than 500 older 

adult volunteers and monitored their brain 

health for decades. The participants agreed to 

donate their brains to research after their 

deaths. The samples from the study provided 

the team with an unprecedented window into 

metabolic changes in the brains of people who 

had experienced cognitive decline. They used 

ultra-high performance liquid chrom-

atography-tandem mass spectrometry to 

measure metabolite levels in samples from the 

brain's lateral prefrontal cortex, which is 

responsible for complex tasks like thinking 

and planning. Then they looked for differences 

in people with an Alzheimer's diagnosis, 

memory loss, or brain changes associated with 

Alzheimer's disease compared with indivi-

duals who did not have these brain conditions 

when they died. “We saw metabolic changes 

linked to cellular energy, glucose metabolism, 

inflammation and fatty acids, all of which have 

been previously implicated in Alzheimer's 

disease,” Krumsiek said. The team also 

discovered impaired osmoregulation, the 

process that controls water diffusion into brain 

cells, in patients with Alzheimer's. This 

discovery is particularly intriguing because of 

the role misfolded amyloid beta and tau 

proteins play in the disease.

Source: Cornell University news release

Neuroscience

Discovery illuminates how Parkinson's disease spreads in the brain

Aggregates of the protein alpha-synuclein 
spread in the brains of people with Parkinson's 
disease through a cellular waste-ejection 
process, suggests a new study led by Weill 
Cornell Medicine researchers. During the 
process, called lysosomal exocytosis, neurons 
eject protein waste they cannot break down 
and recycle. The discovery, published in 
Nature Communications, could resolve one of 
the mysteries of Parkinson's disease and lead 
to new strategies for treating or preventing the 
neurological disorder. “Our results also 
suggest that lysosomal exocytosis could be a 
general mechanism for the disposal of 
aggregated and degradation-resistant proteins 
from neurons – in normal, healthy circu-
mstances and in neurodegenerative diseases,” 
said study senior author Manu Sharma. One 
important finding that has emerged from the 
past few decades of Parkinson's research is 
that the deaths of neurons in the disease follow 
the spread, within the brain, of abnormal 
aggregates of alpha synuclein, a neuronal 
protein. This spread is an infection-like, 
chain-reaction process in which aggregates 
induce normal alpha synuclein to join them, 
and – as they grow larger – break into smaller 

aggregates that continue to propagate. 
Experiments in mice and nonhuman primates 
have shown that injecting these aggregates 
into the brain can initiate this spread as well as 
some Parkinson's-like neurodegeneration. 
But the details of how neurons transmit them 
to other neurons have never been well 
understood.

In the study, Sharma and his team showed 
with detailed studies of Parkinson's mouse 
models that alpha synuclein aggregates – 
capable of spreading and causing neuro-
degeneration – originated within neurons. 
These aggregates ,  they found,  then 
accumulate within capsule-like waste bins in 
cells called lysosomes. Lysosomes contain 

enzymes that can break down, or “lyse,” 
proteins and other molecular waste into their 
building blocks, essentially digesting and 
recycling them. But the researchers found 
evidence that alpha synuclein aggregates, 
which are knit together with tight bonds in a 
close-fitting/snugly layered structure called 
“amyloid,” are not broken down well within 
lysosomes; instead, they were often found to 
be simply dumped from their originating 
neurons. In this process, exocytosis, the 
lysosome moves to the cell membrane and 
merges with it, so that the lysosome contents 
are discharged – as-is, without any encap-
sulation – into the fluid surrounding the cell. 
The finding helps resolve a hotly debated 
question in the field. The researchers also 
showed in further experiments that by 
reducing the rate of lysosomal exocytosis, they 
could reduce the apparent concentration of 
spread-capable aggregates. That, Sharma said, 
suggests a future approach to treating 
Parkinson's.

Source: Cornell University news release. 
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Neuroscience

Rare electrical recordings of the human brain give detailed picture of 
neural activity

An international research team of scientists 
has captured human neural activity in 
unprecedented detail by using medical data in 
ways to better understand how the brain works 
in the processing of visuals.  “Because what 
we see, and our responses to it, are cont-
inuously changing, it is challenging to 
understand how the brain works when taking 
in new information and then in processing it,” 
says Jonathan Winawer, the senior author of 
the paper, which appears in the Journal of 
Neuroscience. “This work helps us more 
deeply appreciate the dynamics of our neural 
responses to visual images and in ways that 
can inform future research.”

The human brain is a vastly complex organ 
that is dynamic in ways beyond our current 
understanding. This is especially true when it 
comes to its activity in the processing of 
visuals— viewing a simple, static image on a 
screen unleashes a vast network of neural 
activity in our brains.  However, developing a 
robust understanding of these processes 
requires invasive techniques not typically 
used with human subjects. Rather, such 

studies typically measure brain activity using 
fMRI, MEG, or EEG scanners—methods 
that only scratch the surface of the complexity 
of neural operations. In the Journal of 
Neuroscience study, Winawer and his 
colleagues adopted a more invasive approach 
in order to uncover, at an unprecedented level 
of detail and precision, how the brain 
processes visual images.  To do so, they 
studied volunteer epilepsy patients who had 
been implanted with electrodes in order to 
measure a specific phenomena - brain activity 
associated with seizures. The patients took 

part in the research by watching pictures on a 
laptop computer positioned at their hospital 
bedsides, allowing the neuroscientists to make 
the rare, new measurements. Importantly, the 
readings of brain activity showed that existing 
computational models developed to explain 
neural responses can be applied to human 
brains. These models, based on previous 
studies of non-human primates, mapped out 
neural activity for non-humans. But, prior to 
the Journal of Neuroscience work, it was not 
clear if these models could be applied to 
humans.  More specifically, the results showed 
that these models can accurately predict 
changes in human brain activity for a variety of 
changes in a visually presented image—for 
example, how much longer the neurons remain 
active when a stimulus remains on the screen 
for twice as long or how much they decrease 
their activity when an image is shown for a 
second time. 

Source: New York University news release

Neuroscience

Language learning difficulties in children linked to brain differences

A new study using MRI has revealed 
structural brain changes in children with 
developmental language disorder (DLD), a 
common but under-recognised difficulty in 
language learning. Children with DLD aged 
10-15 showed reduced levels of myelin in 
areas of the brain associated with speaking 
and listening to others, and areas involved in 
learning new skills. This finding is a 
significant advance in our understanding of 
DLD and these brain differences may explain 
the poorer language outcomes in this group. 
DLD is an extremely common disorder, 
affecting approximately two children in every 
classroom. Children with DLD struggle to 
comprehend and use their native language, 
facing trouble with grammar, vocabulary, and 
holding conversations. Their language 
difficulties considerably increase the risk of 
having difficulties when learning to read, 
underachieving academical ly,  being 
unemployed, and facing social and mental 
health challenges. In this research, published 
in the journal eLif , Dr Saloni Krishnan and e
colleagues used MRI brain scans that were 

specifically sensitive to different properties of 
the brain tissue. For example, the scans 
measured the amount of myelin and iron in the 
brain. Myelin is a fatty substance that wraps 
around neurons and speeds up transmission of 
signals between brain areas. It is like the 
insulation around electrical cables. The 
research demonstrated that children with 
DLD have less myelin in parts of the brain 
responsible for acquiring rules and habits, as 
well as those responsible for language 
production and comprehension.

Dr Krishnan (Reader, Royal Holloway, 
University of London), who led the study as a 
Research Fellow at the University of Oxford, 
said: 'DLD is a relatively unknown and 

understudied condition, unlike better known 
neurodevelopmental conditions such as 
ADHD, dyslexia, or autism. This work is an 
important first step in understanding the brain 
mechanisms of this disorder.' Senior author 
Kate Watkins, Professor of Cognitive 
Neuroscience at the University of Oxford, 
said: 'This type of scan tells us more about the 
make up or composition of the brain tissue in 
different areas. The findings might help us 
understand the pathways involved at a 
biological level and ultimately allow us to 
explain why children with DLD have 
problems with language learning.' More 
studies are needed to determine if these brain 
differences cause language problems and how 
or if experiencing language difficulties could 
cause these changes in the brain. Further 
research may help scientists find new 
treatments that target these brain differences.

Source: Oxford University news release.
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Neuroscience

A window into the fruit fly's nervous system

Scientists at EPFL have developed an implan-
tation technique that allows unprecedented 
optical access to the “spinal cord” of the fruit 
fly, Drosophila melano-gaster. This work can 
potentially lead to breakthroughs in the fields 
of neuroscience, artificial intelligence, and 
bio-inspired robotics. Understanding 
biological motor control requires the ability to 
record neural activity while animals are 
behaving,” says Professor Pavan Ramdya at 
EPFL's School of Life Sciences. Drosophila, 
the fruit fly, is a very small organism in which 
one can genetically manipulate and image the 
activity of nearly the entire motor circuitry in 
behaving animals.” “We developed micro-
engineered devices that provides optical 
access to the animal's ventral nerve cord,” 
says Herman, a co-researcher, referring to the 
fly's equivalent of the spinal cord. “We then 
surgically implanted these devices into the 
fly's thorax,” she continues. “One of these 
devices, an implant, allows us to move the 
fly's organs aside to reveal the ventral nerve 
cord below. We then seal the thorax with a 
transparent microfabricated window. Once 
we have flies with these devices, we can 

record the fly's behavior as well as its neural 
activity across a wide range of experiments 
over long timespans.” The purpose behind all 
of these tools is to allow scientists to observe 
an individual animal over long periods of 
time. They can now perform experiments that 
extend beyond only a few hours and can even 
cover the fly's entire lifespan. “For example, 
we can study how an animal's biology adapts 
during disease progression,” says Hermans. 
“We can also study changes in neural circuit 
activity and structure during aging, The fly's 
ventral nerve cord is ideal because it hosts the 
animal's motor circuitry, allowing us to study 
how locomotion evolves over time or after 

injury.” The most appropriate implant was a 
simple, yet effective prototype: a V-shaped 
compliant implant that can safely move the 
fly's organs aside, uncover the ventral cord, 
and allow the researchers to seal the hole on the 
cuticle with a “barcoded thoracic window”, 
which allows them to observe the ventral nerve 
cord and make measurements of the neuronal 
activity as the fly goes about its daily life. 
“Considering the animal-to-animal variations 
in anatomy, we had to find a safe and adaptive 
solution,” says Sakar. “Our implant addresses 
this particular need. Together with the 
development of proper tissue micromani-
pulation tools and a 3D nanoprinted compliant 
stage for mounting animals during repeated 
imaging sessions, we provide a complete 
versatile toolkit for neuroscience research.”

Source: EPFL news release. 

Plant Science

Insights into two rare types of photosynthesis could boost crop 
production

Researchers have studied how certain bacteria 
perform photosynthesis using low-energy 
light, which could be engineered into crops to 
boost production. By studying the way two 
bacteria perform the difficult chemistry of 
photosynthesis, a team led by Imperial 
researchers have discovered the trade-offs 
they make when using lower-energy light. 
This could inform plant genetic engineering 
that aims to make crop and biomass 
production more efficient. Most organisms 
perform photosynthesis using visible light, 
which they collect thanks to a pigment called 
chlorophyll-a. The energy contained in visible 
light has been considered for a long time the 
minimum energy required to do the hard 
chemistry of extracting electrons from water. 
However, there are some cyanobacteria that 
perform photosynthesis using lower-energy 
far-red light instead of visible light. Giving 
plants and algae the ability to use far-red light 
could make crop and biomass production 
more efficient, since far-red light is less 
energy intensive and is plentiful. The ability to 
use both visible and far-red light in different 
conditions would also be a desirable property 

for crop plants and algae, but the researchers 
needed to understand if there were any trade-
offs or compromises in systems that can do 
this. In 2018, researchers led by a team at 
Imperial discovered that in one of these 
cyanobacteria, Chroococcidiopsis thermalis, 
photosystem II can do the hard chemistry by 
solely using the lower energy provided by far-
red light. Now, in a study published in eLife, 
researchers led by the same team have shown 
that the photosystem II of cyanobacteria using 
the pigment chlorophyll-f is less efficient at 
collecting and using far-red light than the 

photosystem II of those using chlorophyll-d, 
but that it is more protected from the damaging 
side-effects of too much light. Lead researcher 
Professor Bill Rutherford said: “Engineering 
crop plants or algae that could use far-red 
photosynthesis may help boost food and 
biomass production. "Our study is an 
important first step in understanding the trade-
offs between efficiency and resilience in 
systems that can use far-red light. These 
insights could help researchers determine 
which features would be beneficial, and under 
what conditions.” Dr Stefania Viola, first 
author of the study, said: “Our research 
suggests that the two types of far-red 
photosystem II pay a different price for being 
able to work with less energy, and that this 
should be considered when planning to 
introduce far-red photosynthesis in crop plants 
or algae.

Source: ImperiaL College London news 
release 
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Chemical Engineering

Sensing pressure using paper

Researchers at the Indian Institute of Science 
(IISc) have now fabricated pressure sensors 
that use paper as the medium. A pressure 
sensor detects physical pressure and converts 
it into an electrical signal that is displayed in 
the form of a number indicative of its 
magnitude. Nowadays, paper-based electr-
onic devices are gaining greater attention 
owing to their natural biodegradability, 
excellent flexibility, porous fibrous structure, 
light weight, and low cost. However, paper-
based sensors developed so far have certain 
disadvantages. “In any sensor, there is always 
a trade-off between sensitivity and dynamic 
range. We want to have high sensitivity. 
Sensitivity is essentially a measure of the 
smallest entity (amount of pressure) that we 
can detect. And we want to sense that quantity 
over an extensive range,” says Navakanta 
Bhat, corresponding author of the paper 
published in the ACS Sustainable Chemistry 
& Engineering. His team has proposed a 
design for the paper sensor that, by virtue of its 
structure and multilayering, achieves high 
sensitivity and can detect a broad range of 

pressures (0-120 kPa) with a response time of 
1 millisecond. The sensor is made of plain and 
corrugated cellulose papers coated with tin-
monosulfide (SnS) stacked alternatively to 
form a multi-layered architecture. SnS is a 
semiconductor that conducts electricity under 
specific conditions. “Paper in itself is an 
insulator. The major challenge was choosing 
an appropriate 3D device structure and 
material to give conductive properties to 
paper,” says Neha Sakhuja, a former PhD 
student at CeNSE and the first author of the 
paper. When pressure is applied on the 
sensor's surface, the air gaps between the 
paper layers decrease, increasing the contact 

area between these layers. Higher contact area 
leads to better electrical conductivity. On 
releasing the pressure, the air gaps increase 
again, thus decreasing the electrical cond-
uction. This modulation of the electrical 
conductivity drives the sensing mechanism of 
the paper sensor. “Our key contribution is the 
simplicity of the device. It is like creating 
paper origami,” explains Bhat. The sensor 
shows promise in being developed into a 
flexible and wearable electronic device, 
especially in the healthcare sector. For 
example, the research team mounted it onto a 
human cheek to investigate the motion 
involved in chewing, strapped it to an arm to 
monitor muscle contraction, and around 
fingers to track their tapping. The team even 
designed a numeric, foldable keypad 
constructed using the in-house paper-based 
pressure sensor to demonstrate the device's 
usability.

Source: IISc news release

Chemical Engineering

Sugar-coated pouches in body fluids can help detect cancer

Detection of the cancer microenvironment 
may soon become much easier with the help of 
a new molecular biosensor recently developed 
by a team of scientists. Cancer cells secrete 
small pouches, namely extracellular vesicles 
(EV) covered with sugar molecules, 
Hyaluronan (HA), which has a direct link to 
tumour malignancy and is considered a 
potential biomarker for early diagnosis of 
colon cancer. These EVs are abundant in body 
fluids (blood, faeces, etc.), and all types of 
cells secrete these EVs into the extracellular 
matrix. Cancer cells secrete at least two times 
more EVs into the body fluids than normal 
cells). Therefore, these EVs could be isolated 
non-invasively from a patient's body for early 
cancer diagnosis. It is known that the sugar 
molecule HA associated with these cancer 
EVs carries danger signals in tumour 
progression when it gets fragmented by 
hyaluronidases (Hyals) and reactive oxygen 
species in pathological conditions. Dr. Tatini 
Rakshit laboratory, supported by Inspire 
faculty grant of the Department of Science and 
Technology (DST), at Shiv Nadar Institute of 
Eminence, Delhi, in collaboration with S. N. 
Bose National Centre for Basic Sciences 
(SNBNCBS), Kolkata, Saha Institute of 

Nuclear Physics, Kolkata and IIT Bhilai, 
Chhatisgarh has unravelled the contour 
lengths of HA on a single cancer cell-derived 
EV surface. Their study showed that a single 
cancer cell-derived EV is coated with very 
short chain HA molecules (contour length less 
than 500 nanometers) using single molecule 
techniques and elucidated that these short-
chain HA-coated EVs are significantly more 
elastic than the normal cell-derived EVs. This 

intrinsic elasticity of HA-coated EVs in cancer 
helps them to withstand multiple external 
forces during extracellular trans-portation, 
uptake, excretion by cells, adhesion to cell 
surfaces, etc. The study has been published 
very recently in the Journal of Physical 
Chemistry Letters. These findings affect how 
sugar-coated pouches increase the risk of 
cancer progression.

Source: PIB
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Astrophysics

Origin of high-energy particles that endanger satellites, astronauts and 
airplanes

As explained in a paper in The Astrophysical 
Journal Letters, authors Luca Comisso and 
Lorenzo Sironi of Columbia's Department of 
Astronomy and the Astrophysics Laboratory, 
have for the first time used supercomputers to 
simulate when and how high-energy particles 
are born in turbulent environments like that on 
the atmosphere of the sun. This new research 
paves the way for more accurate predictions of 
when dangerous bursts of these particles will 
occur. “This exciting new research will allow 
us to better predict the origin of solar energetic 
particles and improve forecasting models of 
space weather events, a key goal of NASA 
and other space agencies and governments 
around the globe,” Comisso said. Within the 
next couple of years, he added, NASA's 
Parker Solar Probe, the closest spacecraft to 
the sun, may be able to validate the paper's 
findings by directly observing the predicted 
distibution of high-energy particles that are 
generated in the sun's outer atmosphere. The 
researchers demonstrate that magnetic fields 
in the outer atmosphere of the sun can 
accelerate ions and electrons up to velocities 

close to the speed of light. The sun and other 
stars' outer atmosphere consist of particles in a 
plasma state, a highly turbulent state distinct 
from liquid, gas, and solid states. Scientists 
have long believed that the sun's plasma 
generates high-energy particles. But particles 
in plasma move so erratically and unpre-
dictably that they have until now not been able 
to fully demonstrate how and when this 
occurs. Using supercomputers at Columbia, 
NASA, and the National Energy Research 
Scientific Computing Center, Comisso and 
Sironi created computer simulations that 
show the exact movements of electrons and 
ions in the sun's plasma. These simulations 

mimic the atmospheric conditions on the sun, 
and provide the most extensive data gathered 
to-date on how and when high-energy particles 
will form. Comisso and Sironi's research, 
which was conducted with support from 
NASA and the National Science Foundation, 
has implications far beyond our own solar 
system. The vast majority of the observable 
matter in the universe is in a plasma state. 
Understanding how some of the particles that 
constitute plasma can be accelerated to high-
energy levels is an important new research 
area since energetic particles are routinely 
observed not just around the sun but also in 
other environments across the universe, 
including the surroundings of black holes and 
neutron stars.

Source: Johns Hopkins University news 
release

Geological Science

Air pollution can amplify negative effects of climate change

The impacts of air pollution on human health, 
economies and agriculture differ drastically 
depending on where on the planet the 
pollutants are emitted, according to a new 
study that could potentially incentivize certain 
countries to cut climate-changing emissions. 
Led by The University of Texas at Austin and 
the University of California San Diego, the 
study is the first to simulate how pollutants 
affect both climate and air quality for locations 
around the globe.

The research, which is published in Science 
Advances  analyzed the climate and air quality ,
impacts of aerosols — tiny solid particles and 
liquid droplets that contribute to smog and are 
emitted from industrial factories, power plants 
and vehicle tailpipes. Aerosols create unique 
global patterns of impact on human health, 
agricultural and economic productivity when 
compared with carbon dioxide (CO ) 2

emissions, which are the focus of efforts to 
mitigate climate change. Although CO  and 2

aerosols are often emitted at the same time 
during the combustion of fuel, the two 
substances behave differently in Earth's 
atmosphere, said co-lead author Geeta Persad, 

an assistant professor in UT Austin's Jackson 
School of Geosciences.

“Carbon dioxide has the same impact on 
climate no matter who emits it,” Persad said. 
“But for these aerosol pollutants, they tend to 
stay concentrated near where they're emitted, 
so the effect that they have on the climate 
system is very patchy and very dependent on 
where they're coming from.” The researchers 
found that, depending on where they are 
emitted, aerosols can worsen the social costs 
of carbon – an estimate of the economic costs 
greenhouse gasses have on society — by as 
much as 66%. The scientists looked at eight 

key regions: Brazil, China, East Africa, 
Western Europe, India, Indonesia, United 
States and South Africa. “This research 
highlights how the harmful effects of our 
emissions are generally underestimated,” said 
Jennifer Burney, co-lead author and the 
Marshall Saunders Chancellor's Endowed 
Chair in Global Climate Policy and Research at 
the UC San Diego School of Global Policy and 
Strategy. “CO  is making the planet warmer, 2

but it also gets emitted with a bunch of other 
compounds that impact people and plants 
directly and cause climate changes in their own 
right.” The work, which was supported by the 
National Science Foundation, represents a 
collaboration between Persad and Burney, who 
are physical scientists, and a group of 
economists and public health experts. Co-
authors include Marshall Burke, Eran 
Bendavid and Sam Heft-Neal at Stanford 
University and Jonathan Proctor at Harvard 
University.

Source: University of Texas at Austin news 
release
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Geological Science

Seasonal change in Antarctic ice sheet movement observed for first time

Researchers from the University of Cam-

bridge and Austrian engineering company 

ENVEO, identified distinct, seasonal 

movements in the flow of land-based ice 

draining into George VI Ice Shelf – a floating 

platform of ice roughly the size of Wales – on 

the Antarctic Peninsula. Using imagery from 

the Copernicus/European Space Agency 

Sentinel-1 satellites, the researchers found 

that the glaciers feeding the ice shelf speed up 

by approximately 15% during the Antarctic 

summer. This is the first time that such 

seasonal cycles have been detected on land ice 

flowing into ice shelves in Antarctica. The 

results are reported in the journal The 

Cryosphere. While it is not unusual for ice 

flow in Arctic and Alpine regions to speed up 

during summer, scientists had previously 

assumed that ice in Antarctica was not subject 

to the same seasonal movements, especially 

where it flows into large ice shelves and where 

temperatures are below freezing for most of 

the year. This assumption was also, in part, 

fuelled by a lack of imagery collected over the 

icy continent in the past. “Unlike the 

Greenland Ice Sheet, where a high quantity of 

data has allowed us to understand how the ice 

moves from season to season and year to year, 

we haven't had comparable data coverage to 

look for such changes over Antarctica until 

r e c e n t l y, ”  s a i d  K a r l a  B o x a l l  f r o m 

Cambridge's Scott Polar Research Institute 

(SPRI), the study's first author. “Observations 

of ice-speed change in the Antarctic Peninsula 

have typically been measured over successive 

years, so we've been missing a lot of the finer 

detail about how flow varies from month to 

month throughout the year,” said co-author Dr 

Frazer Christie, also from SPRI. Co-author Dr 

Thomas Nagler mentions “by using Sentinel-1 

radar imagery, we were able to discover 

seasonal ice-flow change thanks to the ability 

of these satellites to monitor year-round and in 

all-weather conditions.” Currently, the causes 

of this seasonal change are uncertain. It could  

be caused by surface meltwater reaching the 

base of the ice and acting like a lubricant, as is 

the case in Arctic and Alpine regions, or it 

could be due to relatively warm ocean water 

melting the ice from below, thinning the 

floating ice and allowing upstream glaciers to 

move faster. “These seasonal cycles could be 

due to either mechanism, or a mixture of the 

two,” said Christie.  The results imply that 

similar seasonal variability may exist at other, 

more vulnerable sites in Antarctica, such as the 

Pine Island and Thwaites glaciers in West 

Antarctica. 

Source: University of Cambridge news release

Planetary Science

Chrysalis, the lost moon that gave Saturn its rings

Rings appear to be common around planets in 

the solar system, but the dramatic rings of 

Saturn have long puzzled astronomers, as has 

the steep tilt of the rings and the planet's 

rotation axis relative to its orbit around the 

sun. Scientists now show that the rings and the 

tilt are intimately linked, and that the key is a 

former moon of Saturn that was torn apart 

some 160 million years ago to form the rings. 

The researchers dubbed the lost moon 

Chrysalis because it blossomed into the rings 

much as a chrysalis transforms into a butterfly. 

The new proposal for how Saturn became 

“Lord of the Rings” in our solar system and 

how Saturn got its axial tilt is published in the 

journal Science. The lead author is Jack 

Wisdom, a professor of planetary science at 

the Massachusetts Institute of Technology 

(MIT), with key contributions from Burkhard 

Militzer at the University of California, 

Berkeley. Militzer, UC Berkeley professor of 

earth and planetary science, was part of a team 

that in 2019 concluded that the rings of Saturn 

are relatively recent, having formed a mere 

100 million years ago and perhaps even more 

recently. The planet itself is as old as the solar 

system, about 4.5 billion years. The rings 

could be debris left over from the tidal 

destruction of a former icy moon of Saturn or 

the remains of a comet that strayed too close to 

the planet. The new theory proposes that the 

rings are from a former moon and provide an 

estimate of how massive that moon was — 

about the size of Iapetus, Saturn's third-largest 

moon — and why the moon got so close to the 

planet that it was torn apart. The researchers 

conclude that about 99% of Chrysalis ended 

up swallowed by the gas giant planet, with the 

remainder forming the rings. “The tilt is too 

large to be a result of known formation 

processes in a protoplanetary disk or from 

later, large collisions,” Wisdom said. “A 

variety of explanations have been offered, but 

none is totally convincing. The cool thing is 

that the previously unexplained young age of 

the rings is naturally explained in our 

scenario.” In the new study, the researchers 

conclude that, for billions of years, Neptune 

and Saturn  in a resonant dance that caused were

the tilt of Saturn's spin axis. But the outward 

movement of Saturn's moon Titan — the 

second-largest moon in the solar system — 

destabilized the Saturn system, causing it to 

lose a moon and fall out of resonance. The 

result? A bright and beautiful set of rings that 

grace the planet today.

Source: University of California, Berkeley
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Artificial Intelligence

Detecting seizures and interpreting EEGs, the direct algorithmic way

Researchers at the Indian Institute of Science 

(IISc), in collaboration with AIIMS, Rishi-

kesh, have developed an algorithm that can 

help decode brain scans to identify the 

occurrence and type of epilepsy. To identify 

whether a patient is epileptic, neurophys-

iologists need to manually inspect EEGs 

(electroencephalograms), which can capture 

such erratic signals. Visual inspection of EEG 

can become tiring after prolonged periods, 

and may occasionally lead to errors, says 

Hardik J Pandya the corresponding author of 

the study published in Biomedical Signal 

Processing and Control. “The research aims 

to differentiate EEG of normal subjects from 

epileptic EEGs. Additionally, the developed 

algorithm attempts to identify the types of 

seizures. Our work is to help the neurologists 

make an efficient and quick automated 

screening and diagnosis,” he adds. In their 

study, the team reports a novel algorithm that 

can sift through EEG data and identify 

signatures of epilepsy from the electrical 

signal patterns. After initial training, the 

algorithm was able to detect whether a human 

subject could have epilepsy or not – based on 

these patterns in their respective analyses – 

with a high degree of accuracy, the resea-

rchers say. To develop and train the algorithm, 

the researchers first examined EEG data from 

88 human subjects acquired at AIIMS 

Rishikesh. Each subject underwent a 45-

minute EEG test, divided into two parts: an 

initial 10-minute test when the subject was 

awake, which included photic stimulation and 

hyperventilation, followed by a 35-minute 

sleep period when the subject was asked to 

sleep. Next, the team analysed this data and 

classified different wave patterns into sharp 

signals, spikes, and slow waves. Spikes are 

patterns where a signal rises and falls within a 

very short duration of time (~70 milli-

seconds), while sharps are those with rises and 

falls spread over a slightly longer duration 

(~250 milliseconds), and slow waves have a 

much longer duration (~400 milliseconds).

An epileptic subject shows a different set of 

patterns compared to a healthy individual. The 

researchers developed an algorithm to calcu-

late the total number of sharp waves – the 

Cumulative Sharp Count – and use this as a 

parameter to detect if the subject is epileptic or 

not (a higher value indicates a greater chance 

that the subject is epileptic). The algorithm 

also calculates the sum of areas under the 

spikes and sharp curves to distinguish between 

focal and generalised epilepsy (a greater value 

indicates generalised epilepsy, as opposed to 

focal epilepsy, which has a lower value). The 

researchers add that the study shows a way to 

identify absence seizures (those that involve a 

brief, sudden lapse of consciousness), using a 

Cumulative Spike-Wave Count; in some 

cases, these absence seizures are critical and 

can be fatal.

Source: Indian Institute of Science news 

release

Biomedical Engineering

A drug delivery solution can improve cancer management and treatment

A novel site-specific drug delivery method 

using gold nanoparticles can improve 

management and treatment of cancer. There 

are more than 200 different types of cancers 

known which are currently being treated 

through surgery, chemotherapy, and radiation 

therapy. Many of these cancers can be cured if  

detected early and treated effectively  .

However, the available treatments are time-

taking, expensive, and trigger numerous other 

side-effects and the actual health benefits of 

the therapy do not reach to the cancer patients 

effectively. Researchers at Amity University  

Rajasthan, Jaipur have developed therapeutic 

agents with the help of nano-biotechnological 

approaches using a unique solution of 'gold 

nanoparticles' that helps in improving the site-

specific drug delivery for cancer disease 

management and its effective treatment. Dr.  

Hemant Kumar Daima, Dr. Akhela Umapathi 

and Prof. S.L. Kothari from the Amity Centre 

for Nanobiotechnology and Nanomedicine 

(ACNN), have formulated 'gold nano-

particles' solution with a distinctive functional 

surface containing biomolecules and 

antibiotics for improved anticancer activity 

through selective generation of reactive 

oxygen species (ROS). The results have 

revealed that the appropriate surface corona 

on the gold nanoparticles was essential for 

effective cancer treatment in a selective 

manner. The research was extended toward  

lung cancer cells using functional silver 

nanoparticles and selective anti-cancer effect 

originating from surface chemistry of silver 

nanoparticles was demonstrated in the papers 

published in the journal Colloids and Surfaces 

A: Physicochemical and Engineering Aspects. 

Both the studies have provided deeper 

understanding regarding the mechanism of 

anti-cancer actions of the functional 

nanoparticles. The research was a global effort  

with researchers from University of Miyazaki, 

Japan; and RMIT University, Australia 

actively participating in it. Now, the team is 

planning clinical studies on the formulated 

nanoparticles. Some of the important  

physicochemical characterization and biolo-

ical studies of gold nanoparticles were 

performed on Fourier-transform infrared 

spectroscopy (FTIR), Fluorescent microscopy 

facilities acquired through the Fund for 

Improvement of S&T Infrastructure (FIST) 

programme of the Department of Science and 

Technology, Government of India. The study 

will open new opportunities for better cancer 

management and treatment and pave a way for 

future nanomedicine even beyond cancer.

Source: PIB
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Engineering Science

High-speed camera captures signals traveling through nerve cells

Now, scientists at Caltech have developed a 
new ultrafast camera that can record footage 
of  impulses as they travel through nerve cells. 
The camera can also capture video of other 
ultrafast phenomena, like the propagation of 
electromagnetic pulses in electronics. The 
camera technology, known as differentially 
enhanced compressed ultrafast photography 
(Diff-CUP), was developed in the lab of 
Lihong Wang, Bren Professor of Medical 
Engineering and Electrical Engineering, 
Andrew and Peggy Cherng Medical Engin-
eering Leadership Chair, and executive officer 
for medical engineering. Diff-CUP operates 
similarly to Wang's other CUP systems, which 
have been shown capable of recording video 
at 70 trillion frames per second and capturing 
images of laser pulses as they travel at the 
speed of light. Diff-CUP takes the same high-
speed camera technology found in the other 
CUP systems and combines it with a device 
called a Mach–Zehnder interferometer. The 
interferometer images objects and materials 
by first splitting a beam of laser light in two, 

passing only one of the split beams through an 
object, and then recombining the beams. 
Because light waves are affected by the 
objects they pass through, with different 
materials affecting them in varying ways, the 
beam passing through the material being 
imaged will have its waves set out of sync 
with the waves of the other beam. When the 
beams are recombined, the out-of-sync waves 
interfere with each other (hence "inter-
ferometer") in patterns that reveal infor-
mation about the object being imaged. 
Though you cannot see an electrical pulse 
traveling through a nerve cell with your own 
eyes, or even a conventional light microscope, 

this type of interferometry can detect it. So, the 
Mach–Zehnder interferometer allows the 
imaging of these pulses, and the CUP camera 
captures the images at incredibly high frame 
rates. "Seeing nerve signals is fundamental to 
our scientific understanding but has not yet 
been achieved owing to the lack of speed and 
sensitivity provided by existing imaging 
methods," Wang says. Wang's research team 
also captured photos of the propagation of 
electromagnetic pulses (EMP), which, in 
some materials, can travel at nearly the speed 
of light. In this case, they passed the 
electromagnetic pulses through a crystal of 
lithium niobate, a salt that has unique optical 
and electrical properties. Despite the 
extremely high speed at which an EMP passes 
through this material, the camera was able to 
clearly image it. The findings appeared in the 
journal Nature Communications. 

Source: Caltech news release

Imaging Technology

Laser light offers new tool for treating bone cancer

The traditional methods used to determine 
whether a piece of bone contains cancer cells 
are time-consuming. The chunk of bone is 
removed and sent to a lab where its hard 
calcium matrix is slowly dissolved, leaving 
only the living cells behind. The remaining 
material is then sliced and imaged. Because 
the process can take anywhere between one 
and seven days to complete, surgeons cannot 
rely on it during surgery to determine the 
health of the bone around and near a tumor, 
and so they will remove even more of it than 
might be necessary—and more than they 
would in softer tissues that can be quickly 
biopsied. The new imaging technology, called 
real-time 3-D contour-scan ultraviolet 
photoacoustic microscopy, or UV-PAM, is 
meant to replace the traditional method of 
identifying cancerous bone tissue. Because 
the process takes just minutes, it provides a 
surgeon with the ability to differentiate 
healthy bone from cancerous bone while they 
operate. Like other  imaging photoacoustic
technologies developed by Bren Professor of 
Medical Engineering and Electrical Enginee-
ring Lihong Wang, UV-PAM works by using 
laser light to cause molecules in living tissue 

to vibrate. Those vibrations happen at 
ultrasonic frequencies and can be used to 
image tissues and organs in the same way that 
that ultrasound is used to image a developing 
fetus. UV-PAM uses ultraviolet wavelengths 
of laser light tuned to cause molecules of 
DNA and RNA to vibrate. Because cancer 
cells are structured differently, packed more 
densely, and contain much more DNA than 
healthy cells, an area of cancerous tissue will 
absorb more of the UV light and thus will 
provide a stronger ultrasonic signal than 
healthy tissue, making it possible for the 
surgeon to clearly identify areas of bone that 

need to be removed. "We can provide results 
within 11 minutes, so they know exactly where 
to cut," Wang says. The technology provides 
doctors with an image of the bone that they 
have scanned that is formatted to look like the 
images that are created through traditional 
biopsy techniques. Right now, the technology 
is only being demonstrated in a laboratory 
setting. Wang says he hopes to take it into the 
real world where it can be used on patients, but 
first he plans to make some improvements. 
"We would like to give it even finer spatial 
resolution and greater imaging speed so we 
could even see some of the details within the 
cell nucleus more rapidly," he says. "Can we go 
beyond standard pathology? We are working 
on that." The paper describing UV-PAM, titled 
"Label-free intraoperative histology of bone 
tissue via deep-learning-assisted ultraviolet 
photoaco-ustic microscopy," appears in the 
September  19 of  Nature Biomedical 
Engineering.

Source: Caltech news release
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Information Technology

'Digital mask' could protect patients' privacy in medical records
Scientists have created a 'digital mask' that 
will allow facial images to be stored in 
medical records while preventing potentially 
sensitive personal biometric information from 
being extracted and shared. In research 
published in Nature Medicine, a team led by 
scientists from Cambridge and China used 
three-dimensional (3D) reconstruction and 
deep learning algorithms to erase identifiable 
features from facial images while retaining 
disease-relevant features needed for 
diagnosis. Facial images can be useful for 
identifying signs of disease. For example, 
features such as deep forehead wrinkles and 
wrinkles around the eyes are significantly 
associated with coronary heart disease, while 
abnormal changes in eye movement can 
indicate poor visual function and visual 
cognitive developmental problems. However, 
facial images also inevitably record other 
biometric information about the patient, 
including their race, sex, age and mood. With 
the increasing digitalisation of medical 
records comes the risk of data breaches. While 
most patient data can be anonymised, facial 
data is more difficult to anonymise while 
retaining essential information. Common 
methods, including blurring and cropping 
identifiable areas, may lose important disease-
relevant information, yet even so cannot fully 

evade face recognition systems. Professor Lin 
and colleagues developed a 'digital mask', 
which inputs an original video of a patient's 
face and outputs a video based on the use of a 
deep learning algorithm and 3D recons-
truction, while discarding as much of the 
patient's personal biometric information as 
possible – and from which it was not possible 
to identify the individual. Deep learning 
extracts features from different facial parts, 
while 3D reconstruction automatically 
digitises the shapes and movement of 3D 
faces, eyelids, and eyeballs based on the 
extracted facial features. Converting the 
digital mask videos back to the original videos 
is extremely difficult because most of the 
necessary information is no longer retained in 
the mask.

Next, the researchers tested how useful the 
masks were in clinical practice and found that 
diagnosis using the digital masks was 
consistent with that carried out using the 
original videos. This suggests that the 
reconstruction was precise enough for use in 
clinical practice. The team surveyed randomly 
selected patients attending clinics to test their 
attitudes towards digital masks. Over 80% of 
patients believed the digital mask would 
alleviate their privacy concerns and they 
expressed an increased willingness to share 
their personal information if such a measure 
was implemented.

Source: University of Cambridge news release

Nanotechnology

Nanorattles shake up new possibilities for disease detection

Researchers at Duke University have devel-
oped a unique type of nanoparticle called a 
“nanorattle” that greatly enhances light 
emitted from within its outer shell. Loaded 
with light scattering dyes called Raman 
reporters commonly used to detect biomarkers 
of disease in organic samples, the approach 
can amplify and detect signals from separate 
types of nanoprobes without needing an 
expensive machine or medical professional to 
read the results.

In a small proof-of-concept study, the 
nanorattles accurately identified head and 
neck cancers through an AI-enabled point-of-
care device that could revolutionize how these 
cancers and other diseases are detected in low-
resource areas to improve global health. The 
results appeared in the Journal of Raman 
Spectroscopy. To make nanorattles, researc-
hers start with a solid gold sphere about 20 
nanometers wide. After growing a layer of 
silver around the gold core to make a larger 

sphere (or cube), they use a corrosion process 
called galvanic replacement that hollows out 
the silver, creating a cage-like shell around the 
core. The structure is then soaked in a solution 
containing positively charged Raman 
reporters, which are drawn into the outer cage 
by the negatively charged gold core. The outer 
hulls are then covered by an extremely thin 
layer of gold to lock the Raman reporters 
inside. The result is a nanosphere (or 
nanocube) about 60 nanometers wide with an 
architecture that resembles a rattle—a gold 
core trapped within a larger outer silver-gold 

shell. The gap between the two is only about a 
few nanometers, which is just large enough to 
fit the Raman reporters. Those tight tolerances 
are essential to controlling the Raman signal 
enhancement the nanorattles produce. The 
researchers appled the nanorattle technology 
to a lab-on-a-stick device capable of detecting 
head and neck cancers. The prototype device 
uses specific genetic sequences that act like 
Velcro for the biomarkers the researchers are 
looking for — in this case, a specific mRNA 
that is overly abundant in people with head and 
neck cancers. When the mRNA in question is 
present, it acts like a tether that binds 
nanorattles to magnetic beads. These beads are 
then concentrated and held in place by another 
magnet while everything else gets rinsed away. 
Researchers can then use a simple, inexpensive 
handheld device to look for light emitted from 
the nanorattles to see if any biomarkers were 
caught.

Source: Duke University news release

Physics, Maths and Engineering



DISCOVERIES & INNOVATIONS

34 The Scitech Journal Volume 09 Issue 11 November 2022

Nanotechnology

New nanowire assembly process could enable more powerful 
computer chips

In a newly published study in the journal 

Small, a team of researchers in Oxford 

University's Department of Materials led by 

Harish Bhaskaran describe a breakthrough 

approach to pick up single nanowires from the 

growth substrate and place them on virtually 

any platform with sub-micron accuracy. The 

innovative method uses novel tools, including 

ultra-thin filaments of polyethylene tereph-

thalate (PET) with tapered nanoscale tips that 

are used to pick up individual nanowires. At 

this fine scale, adhesive van der Waals forces 

(tiny forces of attraction that occur between 

atoms and molecules) cause the nanowires to 

'jump' into contact with the tips. The 

nanowires are then transferred to a transparent 

dome-shaped elastic stamp mounted on a 

glass slide. This stamp is then turned upside 

down and aligned with the device chip, with 

the nanowire then printed gently onto the 

surface. Deposited nanowires showed strong 

adhesive qualities, remaining in place even 

when the device was immersed in liquid. The 

research team were also able to place 

nanowires on fragile substrates, such as ultra-

thin 50 nanometre membranes, demonstrating 

the delicacy and versatility of the stamping 

technique. In addition, the researchers used 

the method to build an optomechanical sensor 

that was 20 times more sensitive than existing 

nanowire-based devices. Nanowires, mater-

ials with diameters 1000 times smaller than a 

human hair and fascinating physical 

properties, could enable major advancements 

in many different fields, from energy 

harvesters and sensors, to information and 

quantum technologies. In particular, their 

minuscule size could allow the development 

of smaller transistors and miniaturised 

computer chips. A major obstacle, however, to 

realising the full potential of nanowires has 

been the inability to precisely position them 

within devices.

Most electronic device manufacturing 

techniques cannot tolerate the conditions 

needed to produce nanowires. Consequently, 

nanowires are usually grown on a separate 

substrate and then mechanically or chemically 

transferred to the device. In all existing 

nanowire transfer techniques, however, the 

nanowires are placed randomly onto the chip 

surface, which limits their application in 

commercial devices. Utku Emre Ali who 

developed the technique, said: 'This new pick-

and-place assembly process has enabled us to 

create first-of-its-kind devices in the nanowire 

realm. We believe that it will inexpensively 

advance nanowire research by allowing users 

to incorporate nanowires with existing on-chip 

platforms, be it electronic or photonic, 

unlocking physical properties that have not 

been attainable so far. Furthermore, this 

technique could be fully automated, making 

full-scale fabrication of high-quality nano-

wire-integrated chips a real possibility.'

Source: Oxford University news release

Nanotechnology

Something's in the air: It's nanoplastic pollution

A new study published in Nature Nanote-

chnology has discovered that a process that 

happens all over the developed world every 

day accelerates the airborne dispersal of 

micro- and nanoplastic particles, posing a risk 

to human and environmental health. The study 

was led by Alexander Laskin, professor of 

analytical chemistry in Purdue University's 

College of Science. The origin of the issue 

lurks under the ground in every modern city, in 

technology to repair sewer pipes. When a 

sewer pipe breaks, the options to fix it are to 

physically dig a hole around it and replace a 

section of it or to treat it like the weakened area 

of a human artery and install a stent.  “What 

they do,” explains Laskin, “is they put a resin-

soaked sock into the pipe. That's what it is, 

effectively a big sock, and then they cure it 

into place. It seals the pipe without any need 

for excavation. It is a very sophisticated and 

very practical technology. When they inflate 

the sock, they use pressurized steam, which 

then emerges as a discharged chemical plume. 

There's no control on the resulting emissions, 

and it turns out that they produce a significant 

amount of pollution, including nanoplastic 

particles.”  The result is that around every 

modern urban or suburban area where this 

process takes place, there are uncounted and 

significant sources of these microplastics and 

nanoplastics, sources that have not before 

been considered or examined. Before, 

scientists thought the only route for plastics to 

get into the air is slow degradation followed by 

consistent wind. “The amount of microplastic 

and nanoplastic in the atmosphere, floating 

around, has been explicitly assumed to only 

come from wind-borne sources. What we 

show here is that there is a process commonly 

used throughout the whole modern world that 

is dumping nanoplastic pollution into the air,” 

Laskin said. Laskin worked with Andrew 

Whelton, a Purdue professor of civil 

engineering and environmental and ecological 

engineering, to quantify the impact of this 

cured-in-place pipe repair method, which 

Whelton has been studying for almost a 

decade. Whelton's research has helped advise 

municipalities, utilities and public health 

agencies on how to lessen environmental 

pollution from this pipe repair method and 

protect the workers better. This new study 

further unravels the mystery of what exactly is 

in the air when construction workers repair 

pipes using the cured-in-place method, 

something Whelton and other Purdue 

researchers have been studying for years.

Source: Purdue University news release

Physics, Maths and Engineering



DISCOVERIES & INNOVATIONS

35 The Scitech Journal Volume 09 Issue 11 November 2022

Nanotechnology

Nanotubes illuminate the way to living photovoltaics

Scientists at EPFL have gotten bacteria to 

spontaneously take up fluorescent carbon 

nanotubes for the first time. The breakthrough 

unlocks new biotechnology applications for 

prokaryotes, such as near-infrared bacteria 

tracking and “living photovoltaics” – devices 

that generate energy using light-harvesting 

bacteria. “We put nanotubes inside of 

bacteria,” says Professor Ardemis Boghossian 

at EPFL's School of Basic Sciences. Resea-

rchers have been putting nanotubes in 

mammalian cells that use mechanisms like 

endocytosis, that are specific to those kinds of 

cells. Bacteria, on the other hand, don't have 

these mechanisms and face additional 

challenges in getting particles through their 

tough exterior. Despite these barriers, we've 

managed to do it, and this has very exciting 

implications in terms of applications.” In an 

article published in , Nature Nanotechnology

the researchers were able to “convince” 

bacteria to spontaneously take up SWCNTs 

by “decorating” them with positively charged 

proteins that are attracted by the negative 

charge of the bacteria's outer membrane. The 

two types of bacteria explored in the study, 

Synechocystis Nostoc and , belong to the 

Cyanobacteria phylum, an enormous group of 

bacteria that get their energy through 

photosynthesis – like plants.  The researchers 

observed that the cyanobacteria internalized 

SWCNTs through a passive, length-

dependent and selective process. This process 

allowed the SWCNTs to spontaneously 

penetrate the cell walls of both the unicellular 

Synechocystis and the long, snake-like, 

multicellular . Following this success, Nostoc

the team wanted to see if the nanotubes can be 

used to image cyanobacteria – as is the case 

with mammalian cells. “We built a first-of-its-

kind custom setup that allowed us to image the 

special near-infrared fluorescence we get from 

our nanotubes inside the bacteria,” says 

Boghossian. Alessandra Antonucci, a former 

PhD student at Boghossian's lab adds: “When 

the nanotubes are inside the bacteria, you 

could very clearly see them, even though the 

bacteria emit their own light. This is because 

the wavelengths of the nanotubes are far in the 

red, the near-infrared. You get a very clear and 

stable signal from the nanotubes that you can't 

get from any other nanoparticle sensor. We're 

excited because we can now use the nanotubes 

to see what is going on inside of cells that have 

been difficult to image using more traditional 

particles or proteins. The nanotubes give off a 

light that no natural living material gives off, 

not at these wavelengths, and that makes the 

nanotubes really stand out in these cells.”

Source: EPFL news release

Photonics

New photonic chip "squeezes" more out of light

Electronic computing and communications 

have come a very long way since the days of 

radio telegraphy and vacuum tubes, with 

consumer devices now containing levels of 

processing power and memory that would be 

unimaginable just a few decades ago. But as 

computing and information processing 

devices get ever smaller and more powerful, 

they are running into some fundamental limits 

imposed by the laws of quantum physics. The 

future of the field may lie in photonics—the 

light-based parallel to electronics. Photonics 

is theoretically similar to electronics but 

substitutes photons for electrons, and photonic 

devices may be capable of processing data 

much faster than their electronic counterparts, 

including for quantum computers. The field is 

still very active in fundamental research and 

lacks crucial devices to become practical. A 

new photonic chip developed at Caltech may 

represent an important breakthrough for the 

field, especially for enabling photonic 

quantum information processors. It can 

generate and measure quantum states of light 

in ways previously only possible with bulky 

and expensive laboratory equipment. The 

chip is based on lithium niobite, a salt whose 

crystals have many applications in optics. It 

generates what are known as squeezed states 

of light on one side of the chip and measures 

them on the other side. A squeezed state of 

light is, to put it very simply, light when it has 

been made less "noisy" on the quantum level. 

Squeezed states of light have recently been 

used to increase the sensitivity of LIGO, the 

observatory that uses laser beams to detect 

gravitational waves. That same less-noisy 

state of light is important if you are going to 

process data with light-based quantum 

devices. "The quality of the quantum states we 

have achieved surpasses the requirements for 

quantum information processing, which used 

to be the territory of bulky experimental 

setups," says Alireza Marandi, assistant 

professor of electrical engineering and applied 

physics at Caltech. "Our work marks an 

important step in generating and measuring 

quantum states of light in an integrated 

photonic circuit." This technology shows a 

path forward toward the eventual development 

of quantum optical processors that run at 

terahertz clock rates, Marandi says. For 

comparison, that is thousands of times faster 

than the electronic processor in a MacBook 

Pro. Marandi says it is possible that this 

technology could find practical uses in 

communications, sensing, and quantum 

computing in the next five years. The work was 

published in the journal Science. 

Source: Caltech news release
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Physics

Stabilizing polarons opens up new physics

In ordered structures, known as crystals, 

electrons can be seen and described as waves 

that spread across the entire system – a rather 

harmonious picture. As electrons move 

through the crystal, ions – atoms carrying a 

negative or positive charge — are periodically 

arranged in space. Now, if we were to add an 

extra electron to the crystal, its negative 

charge could make the ions around it move 

away from their equilibrium positions. The 

electron charge would localize in space and 

couple to the surrounding structural – “lattice” 

– distortions of the crystal, giving rise to a new 

particle known as a polaron. “Technically, a 

polaron is a quasi-particle, made up of an 

electron “dressed” by its self-induced 

phonons, which represent the quantized 

vibrations of the crystal,” says Stefano 

Falletta at EPFL's School of Basic Sciences. 

He continues: “The stability of polarons arises 

from a competition between two energy 

contributions: the gain due to charge 

localization, and the cost due to lattice 

distortions. When the polaron destabilizes, 

the extra electron delocalizes over the entire 

system, while the ions restore their 

equilibrium positions.” Working with 

Professor Alfredo Pasquarello at EPFL, they 

have published two papers in Physical Review 

Letters and Physical Review B describing a 

new approach for solving a major short-

coming of a well-established theory that 

physicists use to study the interactions of 

electrons in materials. The method is called 

density functional theory or DFT, and is used 

in physics, chemistry, and materials science to 

study the electronic structure of many-body 

systems like atoms and molecules. DFT is a 

powerful tool for performing ab-initio 

calculations of materials, by simplified 

treatment of the electron interactions. 

However, DFT is susceptible to spurious 

interactions of the electron with its own self – 

what physicists refer to as the “self-interaction 

problem”. This self-interaction is one of the 

greatest limitations of DFT, often leading to 

incorrect description of polarons, which are 

often destabilized. “In our work, we introduce 

a theoretical formulation for the electron self-

interaction that solves the problem of polaron 

localization in density functional theory,” says 

Falletta. “This gives access to accurate polaron 

stabilities within a computationally-efficient 

scheme. Our study paves the way to 

unprecedented calculations of polarons in 

large systems, in systematic studies involving 

large sets of materials, or in molecular 

dynamics evolving over long time periods.”

Source: EPFL news release

Physics

Physicists take self-assembly to new level by mimicking biology

A team of physicists has created a new way to 

self-assemble particles—an advance that 

offers new promise for building complex and 

innovative materials at the microscopic level. 

Self-assembly, introduced in the early 2000s, 

gives scientists a means to “pre-program” 

particles, allowing for the building of 

materials without further human inter-

vention—the microscopic equivalent of Ikea 

furniture that can assemble itself. The 

breakthrough, reported in the journal Nature, 

centers on emulsions—droplets of oil 

immersed in water—and their use in the self-

assembly of foldamers, which are unique 

shapes that can be theoretically predicted from 

the sequence of droplet interactions. The self-

assembly process borrows from the field of 

biology, mimicking the folding of proteins and 

RNA using colloids. In the Nature work, the 

researchers created tiny, oil-based droplets in 

water, possessing an array of DNA sequences 

that served as assembly “instructions.” These 

droplets first assemble into flexible chains and 

then sequentially collapse, or fold, via sticky 

DNA molecules. This folding yields a dozen 

types of foldamers, and further specificity 

could encode more than half of 600 possible 

geometric shapes. “Being able to pre-program 

colloidal architectures gives us the means to 

create materials with intricate and innovative 

properties,” explains Jasna Brujic, a professor 

in New York University's Department of 

Physics and one of the researchers. “Our work 

shows how hundreds of self-assembled 

geometries can be uniquely created, offering 

new possibilities for the creation of the next 

generation of materials.” The scientists 

emphasize the counterintuitive, and pion-

eering, aspect of the method: Rather than 

requiring a large number of building blocks to 

encode precise shapes, its folding technique 

means only a few are necessary because each 

block can adopt a variety of forms—as seen in 

the below images. “Unlike a jigsaw puzzle, in 

which every piece is different, our process uses 

only two types of particles, which greatly 

reduces the variety of building blocks needed 

to encode a particular shape,” explains Brujic. 

“The innovation lies in using folding similar to 

the way that proteins do, but on a length scale 

1,000 times bigger—about one-tenth the width 

of a strand of hair. These particles first bind 

together to make a chain, which then folds 

according to preprogrammed interactions that 

guide the chain through complex pathways 

into a unique geometry.”

Source: New York University news release
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Quantum Science

Harnessing quantum entanglement for futuristic energy storage 

Experiments with entangled photons, and 
establishment of pioneering quantum infor-
mation science that received the Nobel Prize 
in physics this year, also saw a new theoretical 
concept by Indian scientists exploring 
connections between the laws of thermo-
dynamics and Quantum Information Theory 
(QIT). This new concept could facilitate 
harnessing quantum entanglement for 
futuristic energy storage technology. The 
scientists have theorised a concept called 
'ergotropy' that represents the amount of 
extractable work from a system by keeping its 
entropy (measure of randomness of a system) 
constant. The idea if harnessed can open 
pathways for putting quantum batteries to use 
in a way that is much efficient than its classical 
counterpart. They have proposed thermo-
dynamic quantities that capture a signature in 
multipartite quantum systems called 'genuine 
multipartite entanglement where several 
particles behave like a single unit even when 
they are separated. According to thermo-
dynamics, thermal equilibrium states are 
completely passive states as no work can be 

extracted from such a state even if many 
copies are available. But the situation 
becomes more intriguing when the states are 
entangled. Local thermality or local passivity 
of such states does not always imply that the 
global state is thermal or passive, and hence 
useful form of energy can be extracted under 
global operations. From a composite quantum 
system ergotropic work, therefore, can be 
extracted by different means. One can probe 
the individual parts locally to get useful 
energy which can further be stored in a battery 
for later uses. Probing can also be done on the 
whole composite system, resulting in 

extraction of more work. The difference 
between work extraction from individual parts 
and work extraction from the composite 
system is called ergotropic gap. Ergotropic gap 
can be enhanced if the parts of a composite 
quantum system are prepared in an entangled 
state. This in turn provides an experimentally 
efficient method to detect entanglement which 
has established useful resource for several 
protocols, such as, quantum teleportation, 
quantum super dense coding, and secure 
quantum key distribution whose implications 
deeply impacted physics and computer 
science. Dr. Manik Banik, scientist, S. N. Bose 
National Centre for Basic Sciences, an 
autonomous research inst i tute under 
Department of Science and Technology along 
with his colleagues have highlighted on the 
findings as published in the journal Physical 
Review Letters.

Source: PIB

Robotics

Fluidic circuits add analog options for controlling soft robots

In a study published online this week, robotics 

researchers, engineers and materials scientists 

from Rice University and Harvard University 

showed it is possible to make programmable, 

nonelectronic circuits that control the actions 

of soft robots by processing information 

encoded in bursts of compressed air. “Part of 

the beauty of this system is that we're really 

able to reduce computation down to its base 

components,” said Colter Decker, lead author 

of the study in the Proceedings of the National 

Academy of Sciences. He said electronic 

control systems have been honed and refined 

for decades, and recreating computer circuitry 

“with analogs to pressure and flow rate instead 

of voltage and current” made it easier to 

incorporate pneumatic computation. The 

researchers constructed the soft robotic 

control system primarily from everyday 

materials like plastic drinking straws and 

rubber bands. Despite its simplicity, 

experiments showed the system's air-driven 

logic gates could be configured to perform 

operations called Boolean functions that are 

the meat and potatoes of modern computing. 

“The goal was never to entirely replace 

electronic computers,” Colter said. He said 

there are many cases where soft robots or 

wearables need only be programmed for a few 

simple movements, and it's possible the 

technology demonstrated in the paper “would 

be much cheaper and safer for use and much 

more durable” than traditional electronic 

controls. Decker and colleagues created two 

components, a piston-like actuator that 

translates air pressure into mechanical force 

and a valve that can be switched between two 

states — off and on. The components were 

made from parts that included plastic drinking 

straws, flexible plastic tubing, rubber bands, 

parchment paper and thermoplastic poly-

urethane sheets that could be bonded together 

with a desktop heat press or a hot iron. The 

research team showed the two compo-nents 

could be combined in a single device, a 

bistable valve that operates like a switch and 

uses air pressure as both input and output. A 

specific amount of air pressure is needed to 

flip the switch between off and on states. The 

valves are held closed by rubber bands, and 

they are programmed by adding or subtracting 

rubber bands, which changes the amount of 

pressure required for activation. In tests, 

Decker showed the circuits could be used to 

control a soft, hand-shaped robot, a pneumatic 

cushion and a shoebox-sized robot that could 

walk a preprogrammed number of steps, 

retrieve an object and return to its starting 

location. “The biggest achievement in this 

work is the incorporation of both digital and 

analog control in the same system archit-

ecture,” said a co-researcher. 

Source: Rice University news release
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Robotics

Engineers develop process that enables soft robots to grow like plants

An interdisciplinary team of University of 
Minnesota scientists and engineers has 
developed a first-of-its-kind, plant-inspired 
extrusion process that enables synthetic 
material growth. The new approach will allow 
researchers to build better soft robots that can 
navigate hard-to-reach places, complicated 
terrain and potentially areas within the human 
body. The paper is published in the Procee-
dings of the National Academy of Sciences of 
the United States of America (PNAS). Soft 
robotics is an emerging field where robots are 
made of soft, pliable materials as opposed to 
rigid ones. Soft growing robots can create new 
material and “grow” as they move. These 
machines could be used for operations in 
remote areas where humans can't go, such as 
inspecting or installing tubes underground or 
navigating inside the human body for 
biomedical applications. “This is the first time 
these concepts have been fundamentally 
demonstrated,” said Chris Ellison, a lead 
author of the paper. Current soft growing 
robots drag a trail of solid material behind 

them and can use heat and/or pressure to 
transform that material into a more permanent 
structure, much like how a 3D printer is fed 
solid filament to produce its shaped product. 
However, the trail of solid material gets more 
difficult to pull around bends and turns, 
making it hard for the robots to navigate 
terrain with obstacles or winding paths. The 
research team solved this problem by 
developing a new means of extrusion, a 
process where material is pushed through an 
opening to create a specific shape. Using this 
new process allows the robot to create its 

synthetic material from a liquid instead of a 
solid. “We were really inspired by how plants 
and fungi grow,” said Matthew Hausladen, 
first author of the paper. “We took the idea that 
plants and fungi add material at the end of their 
bodies, either at their root tips or at their new 
shoots,  and we translated that to an 
engineering system.” Plants use water to 
transport the building blocks that get 
transformed into solid roots as the plant grows 
outward. The researchers were able to mimic 
this process with synthetic material using a 
technique called photopolymerization, which 
uses light to transform liquid monomers into a 
solid material. Using this technology, the soft 
robot can more easily navigate obstacles and 
winding paths without having to drag any solid 
material behind it. 

Source: University of Minnesota news release
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New bee-inspired drone fleet works together to build 3D objects

The system, called Aerial Additive Manu-
facturing (Aerial-AM), is a new approach to 
3D printing using collaborative flying robots 
to transport and deposit building material. 
Inspired by natural builders like bees and 
wasps, it employs a fleet of drones collecti-
vely working together from a single blueprint. 
The multifaceted system consists of several 
BuilDrones, which deposit building material 
one layer at a time during flight, as well as 
quality-controlling ScanDrones, which 
continually measure the BuilDrones' output 
and inform their next manufacturing steps.  
Unlike traditional 3D printing systems, in-
flight 3D printing doesn't require an enclosure 
or supports for the printing nozzles, allowing 
for on-site manufacturing and building in 
difficult-to-access or dangerous locations 
such as post-disaster relief const-ruction, tall 
buildings or infrastructure. Aerial-AM uses 
both a 3D printing and path-planning 
framework that enables a team of drones to 
adapt to variations in the geometry of a 
structure as manufacturing progresses. 
Throughout printing, the drones assess 
already printed geometry in real time and 
adapt their behaviour to ensure they meet the 

build specifications and manufacturing 
tolerances. The drones are fully autonomous 
in flight, but there is a human controller in the 
loop who can monitor progress and intervene 
if necessary. The study was recently featured 
on the cover of Nature. 

Robert Stuart-Smith and Dr Vijay M. Pawar, 
joint directors of UCL's interdisciplinary 
Autonomous Manufacturing Lab, developed 
the system's coordination software, known as 
the multi-agent mission-planning framework, 
which governs the collective flight. In 
addition, large scale physical experiments of 
the multi-robot manufacturing method took 
place in UCL's state-of-the-art aerial robot 
testing arena at the Here East innovation and 

technology complex. There, the robots built 
proof-of-concept prints, including a 2.05 
metre, 72-layer-tall cylinder out of a 
polyurethane-based foam material, and an 18 
centimetre, 28 layer-tall cylinder from a 
custom-designed structural cement-like 
material. Stuart-Smith said: “We've demo-
nstrated the first-ever robots that are 3D 
printing in flight, and it's a pretty amazing 
achievement. By working with swarms of 
small robots that can make decisions as they 
build, tomorrow's architects will be able to 
change building designs halfway through 
construction and tailor projects to fit a 
dynamic environment.” The technology 
promises to simplify building and repairing 
structures in hard-to-access locations. The 
researchers plan to next work with constr-
uction companies to further validate and 
develop the technology, and provide repair 
and manufacturing capabilities. They believe 
the technology will provide significant cost 
savings and reduce access risks compared to 
traditional manual methods.

Source: University College London news 
release
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