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Dr Renu Swarup, Secretary Department of 
Science and Technology and Department of 
Biotechnology, Ministry of Science & 
Technology highlighted the importance of 
cooperation, collaboration and connections 
for science to move forward, at the BRICS 
Young Scientists Forum.

“We know exactly the role S&T innovation 
has played over the globe to fight the potent 
war against the pandemic and cooperation, 
collaboration and connections have been 
important tools in the path,” she said during 
her inaugural address of the sixth edition of 
the BRICS Young Scientists Forum (BRICS 
YSF) organized by the Department of Science 
& Technology (DST), in collaboration with 
the National Institute of Advanced Studies, 
Bengaluru (NIAS).

 Dr. Swarup encouraged countries to have a 
science driven agenda and to focus on the 
importance of globally common themes of 
translation, generation and application of 

BRICS Young Scientists Forum 2021
Department of Science & Technology (DST), in collaboration with the National Institute of Advanced 

Studies, Bengaluru (NIAS) organise the event

knowledge. Focusing on the importance of 
data generation, data analysis and application, 
she encouraged the participation of youth in 
these areas and requested scientists to 
concentrate on precision medicine, genomic 
tools and biomarkers to help with early 
detection of key diseases. Dr. Swarup 
appealed to the global community to engage 
through innovation and incubation hubs for 
data generation, analysis and application.

Prof Shailesh Nayak, Director (NIAS) urged 
the participants to continue engaging in future 
interactions and networking to produce 
sustainable solutions and facilitate innovative 

transition into the future. Shri Sanjeev K 
Varshney, Head, International Cooperation, 
DST, emphasized that BRICS conclave can 
function as a network building opportunity 
among the young scientists to solve common 
problems. To incentivize the collaborations, he 
also proposed fellowships supported by the 
sponsors of the BRICS YSF 2021.

The forum saw the participation of 125 
scientists from the different countries. The 
delegations from Brazil, Russia and India were 
headed by Mr. Carlos Matsumoto, Ms. Albina 
Kutuzova, and Dr. Arvind Kumar respectively 
the delegations from China and South Africa 
were headed by Ms. Li Wenjing, and Dr 
Stanley Maphosa.

 The BRICS-YSF summits were first hosted 
by India in 2016, followed by China in 2017, 
South Africa in 2018, Brazil in 2019, and 
Russia in 2020. This year the four-day 
conclave held 13-16 September 2021. The 
next conclave would be organized by China in 
2022.

8th INSPIRE – MANAK Awards 2021
The INSPIRE scheme is helping create a scientific temper as every year there is an increasing number of 

aspiring students competing for the awards

th While presenting the 8 INSPIRE – MANAK 
Awards at a virtual ceremony, Union Minister 
Dr. Jitendra Singh called for grooming 
innovation aptitude in school children. In his 
address on the occasion, the minister said, 
Innovation in S&T has a bright future, and it 
will make India self-reliant.  Innovative 
learning will also contribute to India's $5 
trillion economy goal and fulfil the vision of 
Prime Minister Shri Narendra Modi's “Atma 
Nirbhar Bharat”.

The INSPIRE Awards – MANAK is a 
flagship programme of the Government of 
India and is jointly implemented by 
Department of Science and Technology 
(DST), Government of India and the National 
Innovation Foundation (NIF) - India. In the 
year 2016, the Innovation in Science Pursuit 
for Inspired Research (INSPIRE) scheme 
was revamped and aligned with the action 
plan for "Start-up India" initiative launched by 
the Prime Minister Shri Narendra Modi. 
Through MANAK (Million Minds Augm-
enting National Aspiration and Knowledge), 

students competing for the awards. More than 
3.92 lakh students across different States and 
UTs submitted their projects this year, of 
whom 581 were shortlisted and 60 awarded, 
said Dr Jitendra Singh. More than 5 lakh 
schools have been reached out under the 
MANAK Awards since the scheme was 
launched. This proves that the phenomenon of 
grooming young Indian scientific minds is 
catching up, he added.

Dr Jitendra Singh said the Union Ministry for 
Science & Technology will write to the State 
Governments/UT Administration to sensitize 
them about the awards and awardees in their 
respective state/UT. This will help inculcate a 
wholesome scientific and innovative aptitude 
and learning process from the initial stages of 
schooling, he said. He suggested focusing on 
three different age group brackets for creating 
a scientific temper in the country, viz Below 25 
years age group, 25-to-35 years old and Above 
35 years of age, for building a scientific 
mindset in the country.

students are encouraged from all schools, 
government or private, throughout the 
country, to send original and creative 
technological ideas/ innovations focusing on 
common problems and come up with 
solutions on their own, be it household or for 
porters, labourers, society or the likes. The 
shortlisted projects are also displayed at the 
National Level Exhibition and Project 
Competition (NLEPC).

Citing India's proven prowess in launching as 
many as three vaccines besides developing 
the DNA based vaccine in a short time to fight 
the COVID-19 pandemic, Dr Jitendra Singh 

stsaid, in the 21 century, a nation's economic 
power is determined by its scientific growth 
and related technological application. In the 
t imes  to  come,  India  wi l l  reap the 
demographic dividend by grooming these 
young innovative minds and pooling their 
resources together, he said.

 The S&T Minister said the INSPIRE scheme 
is helping create a scientific temper as every 
year there is an increasing number of aspiring 
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Scientists working on nanomaterials and 
students from across the country discussed 
trends and progresses in the physics of 
nanomaterials emphasising on the application 
of nanotechnology in quantum devices, 
quantum materials, energy conversion, and 
storage at a two-day National Conference.

“Electronic structuring of nano-materials is a 
very crucial area which has immense 
applications in quantum devices, quantum 
materials, energy conversion and storage and  
lots of young people with dynamic ideas are 
showing keen interest in it,” said Professor 
DD Sharma, Scientist at Indian Institute of 
Science, Bangalore a world-renowned  and 
expert in the field while speaking at this 
conference on “Physics of Nano Materials 
(PNM2021).

The conference was organised by the Institute 
of Nano Science and Technology (INST), 
Mohali, an autonomous institute of the 
Department of Science & Technology (DST), 

Physics of Nano Materials (PNM2021)
Scientists discuss application of nanotechnology in quantum devices, quantum materials, energy conversion 

& storage at national conference

Govt. of India in hybrid mode during 20th and 
21st August 2021 in Chandigarh, India, was 
attended by 100 participants including 20 
expert speakers from various academic and 
scientific institutes across India. It covered the 
diverse fields of physics related to nano-
science and nanotechnology.

Prof. Amitava Patra, Director INST, stressed 
that the conference was an excellent platform 
for eminent scientists, academicians, as well 
as students & young researchers to exchange 
notes on research in Materials Physics and can 
also provide a platform for young researchers 
for collaborative work.

Dr. Suvankar Chakraverty, HoD Quantum 
Materials and Device unit (QMaD), INST, 
and joint convener of the conference 
highlighted that the conference would provide 
an opportunity to researchers to pursue novel 
scientific endeavors through collaborations 
between different institutions and would also 
help them take advantage of facilities like their 

newly established QMaD unit which could 
satisfy the need of quantum materials in the 
country.

“It would build a bridge between scientists 
working at various prominent institutions,” 
Ehesan Ali, convener of the PNM conference, 
pointed out.

Prof. Arindam Ghosh from Indian Institute of 
Science, Bangalore, Prof. Rajesh V. Nair from 
Indian Institute of Technology, Ropar, Prof. 
Tanushree Saha Dasgupta from S. N. Bose 
National Centre for Basic Sciences shared 
their expert knowledge on various topics of 
quantum and nano-materials. Dr. Sharmistha 
Sinha, HoD Chemical biology unit INST, and 
Dr.  Kamalakannan Kailasam HoD Energy 
and Environment also participated in the 
conference. Young students took part in an 
elaborate poster session organized during the 
conference.

Nanotechnology for Better Living 
thThe 7  Edition of the international conference was held in hybrid mode

Union Minister of State Dr. Jitendra Singh 
inaugurated a five-day International Con-
ference on Nanotechnology for Better Living 
at National Institute of Technology (NIT), 
Srinagar.

thThe 7  Edition of the Conference was held 
under the aegis of Materials Research Society 
of India in association with Anna University, 
SKUAST-K, NIT Mizoram, SSM College of 
Engineering, IIT Madras, SKIMS, M G 
University Kerela, and in collaboration with 
Nanoscale Research Facility (NRF), IIT 
Delhi. The Conference held in hybrid mode 
and around 300 participants from around the 
country will took part in it.

Addressing the participants at the event, Dr 
Singh said that India has taken a giant leap 
forward in the field of science under the able 
guidance of Prime Minister Sh Narendra 
Modi. He said that India always had 
superlative scientific temperament but there 
was lack of desire to implement it in the past, 
but the gap has now been filled.

 Commenting on the progress made by India in 

groom young and emerging scientists and tap 
scientific potential and temperament at an 
early age. He made a mention of an 11-year-
old Indian-American girl who has been 
honoured as “America's top young scientist” 
for inventing a quick, low-cost test to detect 
lead-contaminated water using carbon nano-
tubes”.

Dr Singh said that in recent years, nano-
technology-based drug delivery systems have 
been applied to intranasal drug delivery to 
overcome various limitations that occur 
during mucosal administration, and advances 
have been made to the stage where effective 
drug delivery is possible. He added that the use 
of non-toxic antiviral nanoparticles has been 
developed for clinical applications to prevent 
and treat Covid-19.

Congratulating NIT Srinagar for holding the 
Conference, Dr Singh said that the event will 
provide a vibrant platform to present and 
discuss path breaking research ideas in 
nanotechnologies and shall be an interface 
between academia and industries.

the recent years, Dr Singh said that the present 
dispensation has removed scientific taboos 
and opened up the field to private players and 
start-ups. He said that the atomic energy field 
was shut behind a veil of secrecy and it was 
only PM Modi who gave the permission to 
expand India's nuclear programme.

Dr Singh said that in the past, science and 
technology could not flourish because of lack 
of resources but it is happening now, and India 
is emerging as a leading global player since 
privatisation has been made possible by PM 
Modi.

The Minister also emphasised the need to 
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NITI Aayog and World Resources Institute 
(WRI), India, jointly launched the 'Forum for 
Decarbonizing Transport' in India as part of 
the NDC-Transport Initiative for Asia (NDC-
TIA) project on 23August.

The launch was held virtually and inaugurated 
by NITI  Aayog CEO Amitabh Kant. 
Dignitaries from various ministries and NDC-
TIA project partners, along with stakeholders 
from the mobility and the energy sector, were 
present during the launch. The project aims at 
bringing down the peak level of GHG 
emissions (transport sector) in Asia (in line 
with a well below 2-degree pathway), 
resulting in problems like congestion and air 
pollution.

India has a massive and diverse transport 
sector, which is also the third most CO2 
emitting sector. Data from (IEA, 2020; 
Ministry of Environment Forest and Climate 
Change, 2018) suggests that within the 
transport sector, road transport contributes to 
more than 90% of the total CO2 emissions. 
Through various policy measures and 
initiatives, the Government of India is 
c o n t i n u o u s l y  w o r k i n g  t o w a r d s  t h e 
decarbonisation of road transport, with a 

Forum for Decarbonizing Transport' in India
NITI Aayog and World Resources Institute (WRI), India, jointly launches the project

major focus on the adoption of electric 
vehicles (EVs) in the country. NITI Aayog has 
been at the helm of the promotion of EVs and 
sustainable mobility through the National 
Mission on Transformative Mobility and 
Battery Storage.

However, to leverage and streamline EVs 
across the country, there is a need is to create a 
f avourab le  ecosys tem fo r  d i f f e ren t 
stakeholders. These stakeholders include 
Central/state Governments, state-designated 
agencies, financial institutions, businesses, 
OEMs, research and technical institutes, 
private bodies and think tanks. A coordinated 
effort between these stakeholders will help 
enable investment, encourage adoption, and 
ensure fair operation in the industry.

The NDC-TIA India component focuses on 
developing a coherent strategy of effective 
policies and the formation of a multi-
stakeholder platform for decarbonizing 
transport in the country. Through this forum, 
the WRI India team, along with NITI Aayog 
and other project partners, will work in close 
coordination with all these stakeholders to 
formulate strategies and develop appropriate 
business models to accelerate electric mobility 

in India. The forum will also provide a 
platform to initiate dialogues for the 
development of uniform policies and help 
achieve specific results in reducing emissions 
from the transport sector.

In his keynote address, CEO, NITI Aayog 
said, “The Stakeholder Forum on Transport 
Decarbonisation is a defining milestone for the 
electric mobility ecosystem in the country. It 
will bring together CEOs, reserachers, 
academics, multilateral agencies, financial 
institutions as well as the Central and state 
government on a common platform. This will 
help in the development of innovative 
business models resulting in targeted results 
and the holistic growth of the electric mobility 
s p a c e  i n  I n d i a .  T h r o u g h  e f f e c t i v e 
collaboration, cooperation and convergence, 
we must work together to usher clean mobility 
in India.”

Dr OP Agarwal, CEO, WRI India, said, “India 
has a great opportunity to decarbonize its 
urban transport sector. Promotion of walking, 
cycling and public transport coupled with 
electrification of motor vehicles should be the 
right strategy for the country.”

CSIR-NIScPR Signs MoU with JC Bose University
For collaboration and networking to advance policy research and science communication 

CSIR-National Institute of Science Commu-
nication & Policy Research (NIScPR), New 
Delhi and J.C. Bose University of Science and 
Technology, YMCA, Faridabad signed a 
memorandum of understanding (MoU) for 
collaboration and networking to advance 
policy research and science communication 
by leveraging respective strengths.

CSIR-NIScPR is a constituent laboratory of 
Council of Scientific and Industrial Research 
(CSIR) that came into existence on 14 
January 2021 after the merger of CSIR-
National Institute of Science Communication 
and Information Resources (CSIR-NISCAIR 
) and CSIR-National Institute Science, Techn-
ology and Development studies (CSIR-
NISTADS).

The MoU signing ceremony was organized in 
the J.C. Bose University on 27 August 2021. 
The MoU was signed by the Director Prof. 
Ranjana Aggarwal on behalf of CSIR-
NIScPR, New Delhi and the Registrar Dr. 
S.K. Garg on behalf of J.C. Bose University. 

had a different outlook and perception about 
science due to which science has not been able 
to connect with society. In CSIR-NIScPR, our 
efforts are focused on connecting science with 
society and we are working to promote science 
and technology through various endeavors of 
science communication. She emphasized that 
with this collaboration, both the institutions 
can work together in the area of Science, 
Technology, Innovation, Research, Policy 
Studies and Science Communication. The 
University can also make a big contribution in 
promoting Science Journalism, she added. 
Besides this, social initiatives by the 
University and the Community College are 
areas where both the entities can work 
together.
On this occasion, Registrar of J.C. Bose 
University Dr. S.K. Garg spoke about the 
University and its academic activities. He said 
that the collaboration between the two 
institutions will promote scientific and 
technological research which will ultimately 
benefit the society.

The collaboration will open new avenues for 
knowledge sharing and skill development in 
science communication and STI policy 
research.

 Speaking on this occasion, Prof. Ranjana 
Aggarwal said that both the institutes have a 
prosperous legacy of science communication, 
policy research and science education of 
more than 60 years. CSIR-NIScPR has been 
working at the interface of science, 
technology and society. It works for 
behavioural change, inculcation of scientific 
temper and rationality among the public. On 
the other hand, J.C. Bose University has a 
good hold on Industry-Academia linkage, 
technological expertise and has a strong 
alumni network. In this way, both the 
institutions can strengthen each other with 
their own capabilities and contributions by 
sharing resources including libraries, 
publications, programmes and laboratories.

Prof. Aggarwal said that people have always 
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11 September 2021 marks the beginning of the 
first trials for the delivery of MMR, influenza 
and COVID-19 vaccines in the state of 
Telangana.

The trials, which have been organized by the 
World Economic Forum in partnership with 
the state government of Telangana, Apollo 
Hospital's HealthNet Global and NITI Aayog, 
will be conducted over 28 days in designated 
air corridors in the district of Vikarabad, 
Telangana.

Starting off with the first ever drone delivery 
of a vaccine in India, the trials are focused on 
laying the groundwork for a more elaborate 
drone delivery network that will improve 
access to vital healthcare supplies for remote 
and vulnerable communities. This is also the 
first drone programme since India recently 
liberalized its drone policy.

“The Forum is pleased to support Indian 
government and industry in demonstrating 
how emerging technologies can be used to 
improve access to healthcare for its most 
vulnerable populations,” says Timothy 
Reuter, Head of Aerospace and Drones, World 
Economic Forum. “The project has set into 
motion the adoption of drones to deliver 
lifesaving services across the country. We 
believe that India's work with drones can serve 
as a model for other countries in the region and 
beyond.”

“Ever since Telangana issued the expression 
of interest in expanded drone use in March 
2020, the industry has witnessed an 
acceleration around policy decisions,” said 
Vignesh Santhanam, Lead, Aerospace and 
Drones, World Economic Forum. “With the 
latest liberalization of India's drone economy 
the Medicine from the Sky initiative has made 
efforts to invigorate the drone sector in India 
by demonstrating the essence of cooperative 
federalism and creating a template for the 
region.”

“Being at the forefront of leveraging emerging 
technologies, Telangana has always acted as a 
testbed for innovative solutions to support 
scaling across the nation,” said K.T. Rama 
Rao, Minister of Information Technology, 
Industries, Municipal Administration and 
Urban Development of Telangana, India. 
“The COVID-19 pandemic has highlighted 
that healthcare supply chains can be further 
strengthened and drones offer a robust value 
proposition especially when it comes to 
remote areas and emergencies. The Medicine 

India Completes First Drone Delivery of Vaccines
India is set to become the first country in Asia to deliver COVID-19 vaccines by drones

from the Sky is the first of its kind initiative in 
the country to generate insights that shall 
benefit the entire ecosystem. The enthusiasm 
and support by all the partners is deeply 
appreciated.”

Wi th  the  suppor t  o f  t he  Vika rabad 
municipality, India's Ministry of Civil 
Aviation, the Directorate-General of Civil 
Aviation and the Airports Authority of India, 
this will be the first drone-delivered COVID-
19 vaccine in Asia. After extended trials with 
MMR and influenza vaccines, COVID-19 
vaccines will also be transported beyond the 
visual line of sight.

“This pilot has been enabled through a series 
of collaborations between India's regulatory 
agencies state government, the World 
Economic Forum, international organizations, 
healthcare experts and drone companies,” said 
Anna Roy,  Senior  Adviser,  Front ier 
Technologies, NITI Aayog, Government of 
India .  “The Medicine f rom the Sky 
community has acted as an important platform 

providing advice and insight that has 
translated the extensive academic groundwork 
into action on ground. Through a highly 
collaborative effort, the pilot programme also 
demonstrates the importance of localized 
inputs and micro planning for healthcare in 
remote parts of the world.”

This initiative aims to improve equity in 
healthcare while enabling healthcare access 
for isolated populations and hazard-prone 
areas. The project has eight participating 
partners, including drone operators and 
ex p e r t s  i n  h ea l t h ca r e  an d  a i r s p ace 
management among others. Together, these 
partners will demonstrate short and long-range 
drone-based deliveries to assess the efficacy of 
low-altitude aerial logistics in healthcare.

“Drone use provides the opportunity to 
support our traditional approaches to 
healthcare delivery especially in underserved 
or remote regions of the country,” said Dr. 
Sangita Reddy, Joint Managing Director, 
Apollo Hospitals Group. “Our healthcare 
sector could potentially witness large-scale 
deliveries of long-tail medicines, vaccines, 
blood and vital organs throughout the country 
across terrains with drones in action. As 
clinical partners in the Medicine from the Sky 
initiative, Apollo Hospital's HealthNet Global 
will be responsible for enabling vaccine and 
medicine availability and properly monitoring 
the adherence of clinical protocols throughout 
the project.”

An industry core group was commissioned in 
June 2021 to help scale the effort to bolster 
last-mile mobility in healthcare. The outcomes 
from the trials will be analysed and used to 
scale up the effort to additional states with the 
support of the Medicine from the Sky 
community and key stakeholders. The project 
is expected to be expanded to six states in the 
coming months.

This initiative aims to 

improve equity in healthcare 

while enabling healthcare 

access for isolated 

populations and hazard-

prone areas. The project has 

eight participating partners, 

including drone operators 

and experts in healthcare 

and airspace management 

among others. 
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Introduction

Rare diseases or orphan diseases has minimal chances of occurrence in 
the human population which affects only small percentage of 
population. According to World Health Organisation (WHO), the 
disorder prevalence of 1 or less per 1000 population is defined as rare 
diseases. But in other countries such as Japan, the rare diseases 
prevalence is 1 in 2,500 population. Thus, the prevalence of rare 
diseases for different countries varies. There are more than 8000 rare 
diseases known worldwide, out of which only 450 have been identified 
in India. Rare diseases have emerged as a global public health concern. 
Over 350 million individuals are suffering worldwide; approximately 
over 30 million in USA, 30 million in Europe and 70 million in India. 

 Around 7,26,11,605 individual is suffering from rare diseases in India.
Organization for Rare Diseases India (ORDI) estimated that 1 in 5000 
Indian is affected by rare diseases. Among the different Indian states, 
Uttar Pradesh has recorded highest number of rare diseases with 
1,19,74,891 affected individuals and Sikkim with least count of 
approximately 36,461 individuals affected. About 40% of rare diseases 
is genetic in origin. The statistics suggest a significant problem of rare 
diseases in society.

Global Burden of Diseases (GBD) has ranked skin and subcutaneous 
thdiseases at 20  position among level 2 category for the cause of death 

globally. Recent report of Global Burden of Diseases (GBD) 2019, the 
rate of skin and subcutaneous diseases in India has recorded least in 
Sikkim with 458.07 DALY's per 1,00,00 and highest in Odisha with 
539.6 DALYs per 1,00,000. Rare genetic skin diseases is a sub-category 
under the skin and subcutaneous diseases which contribute to indefinite 
number of cases.

Rare genetic skin diseases

The skin is the largest organ in the body and functions as a defence 
mechanism against trauma, exhibiting versatile and rigid characteristics 
which are regulated by the types of molecules produced in each cell that 
enable cells to be properly integrated and communicated. The skin 
consists of a number of cell types that express specific molecules and 
also have distinct characteristics which promote the dynamic 
associations and intercellular interaction which are crucial to retaining 
the structural integrity of the skin.  Notably, the whole organisation and 
functioning of these networks may be disrupted by a single mutation in 
one of these biomolecules, leading to keratinisation disorder, distorted 
cell morphology, blistering, abnormal skin colour and other phenotypes 
identified in inherited skin disorders. The Johns Hopkins University's 
Online Mendelian Inheritance in Man (OMIM) database has identified 
560 distinct hereditary skin disorders associated with 501 unique 
proteins.

Abnormal skin colour has been observed in a various skin disorder with 
different molecular based causes. A number of factors, such as melanin, 
capillary blood flow, cutaneous chromophores (lycopene, carotene) and 
collagen in the dermis, affect skin coloration. Other significant factors 
such as physical factors, can also contribute to the abnormal skin colour, 
including the spectrum of light that affects the skin, the light reflected, 
refracted and absorbed, and the transparency of the stratum corneum and 
epidermis. For the most part, though the pigment system i.e. 
melanocytes and melanin, regulates the skin colour and is largely 
determined by the quantity, type and concentration of melanin within the 
skin. The functioning and distribution of pigment system is regulated by 
different genes. Any alteration in the gene expression that contribute to 
the normal colour of the skin, results in abundance or deficiency within 
the skin will cause an abnormal colour of the skin. A broad range of 
symptoms and signs that differ from not only disease to disease, as well 
as from patient-to-patient suffering from same disease describe rare 
genetic skin diseases.

Individuals with rare diseases may face difficulties that are different 
from those experienced in more common medical conditions. The 
emergence of common symptoms similar to other medical condition 
might lead to disguising the underlying rare genetic skin diseases results 
in misdiagnosis and delay in treatment. Due to the low prevalence of rare 
genetic skin disease result in rare medical expertise, limited knowledge 
about the condition, inadequate care offerings and limited research. 
Psychological constraints were identified in adults with rare genetic skin 
diseases, such as incapability of decision making and behavioural 
change. Diagnosing hereditary skin disorders is still a challenging task 
due to their rarity, diversity and diseases evolving over many years. 

The rare genetic skin diseases found in human population are presented 
as follows:

1 Naegeli-Franceschetti-Jadassohn (NFJ) syndrome- A rare 
ectodermal dysplasia that affects the skin, sweat glands, nails and teeth 
in Naegeli-Franceschetti-Jadassohn (NFJ) syndrome. In 1927, Naegeli 
first identified NFJ in a father and his two daughters, and in 1954 
Franceschetti and Jadassohn re-evaluated NFJ in the same family. There 
have been records so far of many families of several impacted members 
over several generations. As an autosomal dominant manner, NFJ is 
inherited. Equal ratio of male and female is affected by diseases. 
Worldwide prevalence is 1/3,00,000. Acitretin is an orphan drug used for 
treatment.

Symptoms- The disappearance of dermatoglytics (no fingerprints), 
reticular cutaneous hyperpigmentation and hypohidrosis are the clinical 
characteristics of NFJ. Without a preceding inflammatory phase, 

According to World Health Organisation (WHO), the disorder prevalence of 1 or less per 1000 population is 

defined as rare diseases
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hyperpigmentation begins at the age of 2 years, fades with puberty and 
often disappears with old age. Hypohidrosis is due to reduced sweat 
gland activity, which remains persistent throughout adulthood which is 
the most challenging condition for NFJ patients. Furthermore, NFJ 
patients exhibit pain caused by sun, nail dystrophy, defects of the tooth 
enamel and mild hyperkeratosis of the palms and soles.

Cause- Mutations associated with KRT14 gene (17q11.2-17q21) 
influence the non-helical head domain (E1/V1) and are expected to end 
in very early ceasing the translation phase. The results suggest that the 
ontogenesis of dermatoglyphics and sweat glands was influenced by 
KRT14 mutations. In addition, the N-terminal portion of keratin 
molecules provide defence to pro-apoptotic signals, and evidence of 
enhanced TNF-alpha mediated apoptotic activity in the basal cell layer 
was supported by patient skin biopsy analysis.

2 Circumferential  skin creases  Type of  Kunze - 
Circumferential skin creases type of Kunze (CSC-KT) is a rare 
congenital condition that affects the skin and may affect other regions of 
the body too. CSC-KT babies born with loose skin that rolls down to 
form narrow rings that encircle the legs and arms. Due to the similarity 
of the rings on the arms and legs to the French company's cartoon 
mascot, CSC-KT was originally called the 'Michelin tire baby 
syndrome'. It is inherited as autosomal dominant pattern.    

Symptoms- Skin thickened, skin folds increased, fluid retention and 
intensified irregular hyperpigmentation. Generally, the rings on the 
arms and legs are evident on both sides of the body. Such skin folds 
doesn't cause any problems and as the child develops, they typically fade 
away naturally. Other features, which include cleft palate, growth 
retardation, developmental problems, intellectually disabled, genital 
abnormalities, seizures, brain malformations, and/or improper organ 

development, are linked with CDC-KT in some instances. Such patients 
might have irregular facial characteristics, blepharophimosis, 
epicanthal folds, broad nasal bridge, microphthalmia, hypertelorism, 
strabismus, low-set ears, and a quite small mouth.

Cause- CSC-KT caused by genetic mutations in the gene TUBB and 
MAPRE2 may be categorised as a group of diseases identified as 
tubulinopathies, because mutations in the gene TUBB and MAPRE2 
affect a cell structure termed as a microtubule, like the genetic variations 
triggering other tubulinopathies. 

3 Dowling-Degos disease- Dowling-Degos disease is 
characterized by hyperpigmentation trend in the bends and wrinkles of 
the body that is lacy or reticulate. In an autosomal dominant manner, the 
disorder is inherited. There can be distressing skin effects induced by 
Dowling-Degos disease, but they normally do not induce health 
complications. In the research literature, fewer than 50 incidents of 
Dowling-Degos disease (DDD) have been registered.  Exactly number 
of persons with DDD is unclear.

Symptoms- Symptoms that includes hyperpigmentation in the folds and 
creases of the body, nodules of the skin, pus-filled bumps and scars. 
These characteristics can vary from person to person. Some individuals 
could have more symptoms than the others, and symptoms may vary in 
severity. The variations in the skin typically occur in late childhood or 
adolescence. Hyperpigmentation zones and other alterations in the skin 
tend to exacerbate over time. Skin disruption wrought by Dowling-
Degos disease can lead to depression and anxiety, but normally do not 
lead to serious medical complications in the long term.

Cause- The typical type of Dowling-Degos disease arises when the gene 
KRT5 does not function effectively. The POFUT1 and the POGLUT1 

 

Diseases 
Causal gene/ 

protein 

Pattern of 

inheritance 

Worldwide 

prevalence 
Orphan drugs 

Naegeli-Franceschetti-Jadassohn 

syndrome 
KRT14 AD 1/3,00,000 Acitretin 

Circumferential skin creases Type of 

Kunze 

TUBB, 

MAPRE2 
AD Unknown Unknown 

Dowling-Degos disease KRT5 AD Unknown Unknown 

Erythromelalgia SCN9A AD Unknown Unknown 

Keratosis Follicularis Spinulosa 

Decalvans 
MBTPS2 XR <1/10,00,000 Unknown 

Recessive X-linked ichthyosis STS XR 1/6000 males 

Liarozole, 

Talarozole, 

Tazarotene 

Pilomatrixoma CTNNB1 
Non-

inheritable 
Unknown Unknown 

Abbreviations: AD- Autosomal Dominant inheritance; XR- X linked recessive inheritance.

Table 1. The list of rare genetic skin diseases with their diseases causing mutated gene/ protein. Pattern of distribution is validated through worldwide 
prevalence data and approved orphan drugs are mentioned. Data source for orphan drugs and worldwide prevalence obtained from Orphanet.
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genes are associated with other, less common forms.

4 Erythromelalgia- Erythromelalgia (EM) may be 
spontaneous (primary EM) or secondary to neurological disorders, 
autoimmune or myeloproliferative disorders (secondary EM). Elevated 
body temperature, alcohol, and consuming spicy foods can cause 
erythromelalgia.  It is inherited in an autosomal dominant pattern. 
Treatment relies on the root condition that could require medicine that is 
topical and/or oral. Less than 30 kindred with familial primary 
erythromelalgia have been reported in the literature till date. Worldwide 
prevalence is unknown. 

Symptoms- Bouts of erythema, swelling, painful deep-aching of soft 
tissue (generally either radiating or shooting) and tenderness are the 
most common symptoms of erythromelalgia, along with a painful 
burning feeling mainly in the extremities. This signs are sometimes 
symmetrical and impact the lower extremities more often than the upper 
extremities. Symptoms may develop progressively and steadily, often 
takes years to become severe enough for individuals to acquire medical 
treatment.

Cause- Approximately 15% of diseases are caused by SCN9A gene 
mutations. Some cases may be induced by genes that are not known or 
by non-genetic variables. SCN9A gene encodes protein for sodium 
channel that transports sodium into cells and enables electrical signals to 
be generated and transmitted. In nerve cells that send pain signals to the 
brain and spine, these sodium channels are present. Erythromelalgia 
causing mutations cause increased transmission of pain signals, 
resulting in the signs and symptoms of the disorder. 

5 Keratosis Follicularis Spinulosa Decalvans (KFSD)- 
KFSD is distinguished by keratosis in many areas of the body. An X-
linked recessive inheritance pattern is exhibited for most affected 
families of KFSD.  X-linked Keratosis Follicularis Spinulosa 
Decalvans (KFSDX) primarily affects males, while females have 
relatively mild effects. It is estimated that KFSD affects roughly less 
than 1 in 10,00,000 individuals in the general population.

Symptoms- KFSD is a form of ichthyosis, a category of hereditary skin 
disorders in which the skin becomes rough and thick and has a scaly 
texture.  Skin hardening around the follicles of the hair leads to badness 
and scarring. In childhood, this disorder starts, initially occurring on the 
neck and face, and then advances to the chest, back, abdomen, arms, and 
legs. In childhood and development before teenage, hair loss of the 
eyebrows and scalp aggravated by scarring becomes apparent. There 
can also be allergic responses (atopia), photophobia, and inflammation 
of the cornea of the eye (keratitis). 

Cause - In general, KFSD is triggered by a variation in the MBTPS2 
gene. Some research indicates that this type of KFSD is induced by a 
variation in the SAT1 gene as well. This type of KFSD is referred to as 
X-linked Keratosis Follicularis Spinulosa Decalvans (KFSDX) and 
follows a pattern of X-linked recessive inheritance. X-linked genetic 
abnormalities are diseases that are caused on the X chromosome by a 
defective gene mainly in males. For such a condition, females who have 
a defective gene present on one of their X chromosomes are carriers.

6 Recessive X-linked ichthyosis- Disease in which skin cells 
are formed at a normal rate, but on the surface of the stratum corneum 
and they do not divide properly. This delays the rate of skin cell 
shedding, contributing to the build-up of scales. It is the second most 
common type of ichthyosis. The X-linked ichthyosis scales are always 
dark and typically cover a part of the body. Mostly, X-linked ichthyosis 
affects males. X-linked ichthyosis affecting one in 6,000 males. 

Liarozole, Talarozole and Tazarotene are the orphan drugs used for 
treatment.

Symptoms- Hyperkeratosis, hypohidrosis and dry skin are the 
symptoms. At birth, boys with recessive X-linked ichthyosis appear 
normal. During the first year of life, skin problems usually appear. 
Among the earliest symptoms of the condition are brownish scales that 
attach to the skin. Early symptoms is most prominent in the back and 
legs. Usually, the face, scalp, palms and soles, and hollows of the elbows 
and knees are excluded. Women with X-linked ichthyosis carriers and 
giving birth to children with the condition may report a delay in labor or 
failure to begin labor. In late pregnancy, the enzyme malfunction causes 
a decrease production of maternal estriol, which may affect labor and 
delivery. The development of a foetus with X-linked ichthyosis is 
indicated by low serum estriol levels detected by prenatal screening.

Cause- It is usually triggered in the steroid sulfatase STS gene (Xp22.3) 
by a mutation or deletion and is inherited in an X-linked recessive 
manner.

7 Pilomatrixoma- Pilomatrixoma is a benign (non-cancerous) 
skin tumour develop in the hair follicle. Pilomatrixoma (known as 
pilomatrix carcinoma) can occasionally grows into cancerous. 
Pilomatrixomas are most often diagnosed in people below the age of 20, 
although they can arise in people of different ages. Pilomatrixomas 
affects children and young adults predominantly. Approximately 40 
percent of cases reported before 10 years of age, while 60 percent occur 
before 20. Furthermore, girls are around 50 percent more likely to 
acquire pilomatrixoma than boys.  More than one member of the family, 
however, may occasionally be affected, which indicates that in some 
cases there may be a genetic factor. Generally it is non-inheritable. 
Worldwide prevalence is unknown. 

Symptoms- A thin, hard lump under the skin, usually on the neck or 
face, with a natural appearance of the skin surrounding the lump, or with 
a blue shade, the lump is generally painless until it becomes contagious.

Cause- Variation in the CTNNB1 gene present in at least 75 percent of 
pilomatrixomas. These variants are somatic, indicating they are not 
hereditary and are found only in the cells of the tumour. In order to 
control cell growth and attachment, the CTNNB1 gene encodes a protein 
that is required. Mutation will result in irregular cell growth when the 
gene does not function properly.

Conclusion

This article focused on a few of the known rare genetic skin diseases and 
shed light on the intensity of its effects on the patient. The knowledge 
about diseases is limited. Due to lack of knowledge and awareness, the 
patient remains unfamiliar with the consequences of the rare genetic 
skin diseases. The epidemiological data for rare genetic skin diseases is 
not fully accomplished. From the above table, it clearly suggests that the 
potential drug to encounter a few of the rare genetic skin diseases haven't 
been discovered yet and worldwide prevalence isn't accounted 
efficiently. With increasing population size and diversity, the rate of rare 
genetic skin diseases in future might increase without any solution for its 
cure. The collaborative approach to discover new potential drugs to 
encounter the complex rare genetic skin diseases is required.
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It's Not Just SARS-CoV-2: Most Respiratory 
Viruses Spread by Aerosols

SARS-CoV-2, the virus behind today's global coronavirus pandemic, 
spreads primarily by inhalation of virus-laden aerosols at both short and 
long ranges—and a comprehensive new assessment of respiratory 
viruses finds that many others probably do as well.

SARS-CoV, MERS-CoV, influenza, measles, and the rhinoviruses that 
cause the common cold can all spread via aerosols that can build up in 
indoor air and linger for hours, an international interdisciplinary team of 
researchers reported in a review published in Science Aug. 27.

Over the last century and at the beginning of this pandemic, it was 
widely believed that respiratory viruses, including SARS-CoV-2, 
mainly spread through droplets produced in coughs and sneezes of 
infected individuals or through touching contaminated surfaces. 
However, droplet and fomite transmission of SARS-CoV-2 fails to 
account for the numerous superspreading events observed during the 
COVID-19 pandemic or the much higher transmission that occurs 
indoors vs. outdoors.

Motivated by a desire to understand the factors leading to the COVID-
19 pandemic, the researchers from Taiwan, the United States, and Israel 

sought to identify as clearly as possible how the coronavirus and other 
respiratory viruses spread.

The team reviewed numerous studies of superspreading events observed 
during the COVID pandemic and found the studies consistently showed 
that airborne transmission is the most likely transmission route rather 
than surface contacts or contact with large droplets. One common factor 
of these superspreading events was the shared air people inhaled in the 
same room. Many were linked to crowded locations, exposure durations 
of one hour or more, poor ventilation, vocalization, and lack of properly 
worn masks. The researchers also reviewed evidence collected from 
many other types of studies—air sampling, polymerase chain reaction 
(PCR)-based and/or cell culture studies, epidemiological analysis, 
laboratory and clinical studies, and modeling work—and concluded that 
airborne transmission is a major, or even dominant transmission pathway 
for most respiratory diseases, not just COVID-19.

 “Transmission through inhalation of virus-laden aerosols has been long 
underappreciated. It is time to revise the conventional paradigms by 
implementing aerosol precautions to protect the public against this 

Conventional wisdom on viral disease transmission needs revision, international science team finds

llustration: N. Cary/Science



FOCUS FEATURES

14 The Scitech Journal Volume 08 Issue 10 October 2021

It's Not Just SARS-CoV-2: Most Respiratory Viruses Spread by Aerosols

transmission route,” said Chia C. Wang, director of the Aerosol Science 
Research Center and an aerosol physical chemist at National Sun Yat-
sen University, Taiwan, who led the review.

Prevailing paradigms about respiratory disease transmission date back 
as much as a century, the team noted. Airborne transmission was 
dismissed in the early 1900s by prominent public health figure Charles 
Chapin due to a concern that mentioning transmission by air would 
scare people into inaction and displace hygiene practices. An 
assumption that erroneously equated infections at close range with 
droplet transmission has shaped the current paradigm for controlling 
respiratory virus transmission.

"This assumption," however, "neglects the fact that aerosol 
transmission also occurs at short distances, because the concentration of 
exhaled aerosols is higher when one is closer to the infected person 
emitting them,” said Kim Prather, director of the National Science 
Foundation Center for Aerosol Impacts on Chemistry of the 
Environment at UC San Diego's Scripps Institution of Oceanography 
and an aerosol chemist who co-led the review.

Respiratory aerosols are formed by expiratory activities, such as 
breathing, talking, singing, shouting, coughing, and sneezing. Before 
COVID-19, the traditional size cutoff between aerosols, which float 
like smoke, and droplets that drop had been set at 5 µm. The researchers, 
however, state that 100 µm is a more appropriate size distinction. This 
updated size better represents the largest particles that can remain 
suspended in still air for more than five seconds (from a height of 1.5 
meters [five feet]), travel beyond one meter from the infected person, 
and be inhaled. “The physical size predominantly determines how long 
they can stay suspended in the air, how far they can reach, whether they 
are inhalable, and how deep they can enter into the respiratory tract if 
inhaled.

“The majority of aerosols produced by respiratory activities are smaller 
than 5 µm, which allows them to travel deep into the bronchiolar and 
alveolar regions and deposit there. Studies find that viruses are more 
enriched in aerosols smaller than 5 µm,” said Josué Sznitman, a 
pulmonary physiologist of Technion, Israel.

Another distinct behavior of aerosols that should be taken into serious 
consideration is their capacity to be influenced by airflow and 
ventilation. Ensuring sufficient ventilation rates, filtration, and 
avoiding air recirculation help reduce airborne transmission of 
infectious virus-laden aerosols.

“Monitoring CO  with portable meters helps verify that ventilation is 2

sufficient, and implementing portable HEPA (high-efficiency 

particulate air) purifiers and upper room UV disinfection systems also 
help reduce the concentrations of virus-laden aerosols,” added Jose-Luis 
Jimenez, an atmospheric aerosol chemist of the University of Colorado 
Boulder and review co-author.

On the other hand, the plexiglass barriers commonly used to block 
droplet spray from coughs and sneezes in indoor spaces may “impede 
proper ventilation and create higher exposures for some people,” said co-
author Linsey Marr of Virginia Tech University, who has studied 
airborne transmission of pathogens for years. “They are not 
recommended except for brief, face-to-face transactions, but even then, 
masks are better because they help remove aerosols, while barriers just 
divert them.

With the surge in infections caused by the Delta variant and the 
increasing occurrence of “COVID-19 breakthrough cases (infections 
among people who have been fully vaccinated), many governments and 
national disease control agencies have resumed universal masking in 
public. Universal masking is an effective and economic way to block 
virus-laden aerosols, said review authors.

But “we need to consider multiple barriers to transmission such as 
vaccination, masking, and ventilation. One single strategy is unlikely to 
be strong enough to eliminate transmission of emerging SARS-CoV-2 
variants," said co-author Seema S. Lakdawala, a virologist of the 
University of Pittsburgh.

As the evidence for airborne transmission of SARS-CoV-2 has increased 
over time and become particularly strong, agencies have taken notice. In 
April and May 2021, the World Health Organization (WHO) and the 
U.S. Centers for Disease Control and Prevention (CDC) acknowledged 
inhalation of virus-laden aerosols as a main route in spreading COVID-
19 at both short and long ranges. This means that to mitigate transmission 
and end this pandemic, decision makers should consider implementing 
aerosol precautionary measures, including universal masking with 
attention to mask fit, improving ventilation rates in indoor spaces, 
avoiding recirculation of contaminated indoor air, installation of air 
filtration such as HEPA purifiers that can effectively remove airborne 
particles, and using UV disinfection lamps.

“What are traditionally called droplet precautions are not replaced 
wholesale, but instead are modified, expanded and deployed in a more 
effective manner in accordance with actual transmission mechanisms," 
said co-author Zeynep Tufekci, a sociologist at the University of North 
Carolina who studies societal challenges in COVID-19 pandemic. 
Having the correct mental model of transmission of this disease and other 
respiratory diseases will also allow ordinary people to make better 
decisions in everyday situations and administrators and officials to create 
better guidelines and working and socializing environments even after 
the pandemic, Tufekci added.

This pandemic vividly illuminates the importance of the long-
underestimated airborne transmission route and the necessity of 
preserving people's right to breathe clean and pathogen-free air, the 
researchers said.

“What we have learnt from this pandemic also lights up the ways for us to 
make appropriate changes to enter the post-epidemic era,” said Wang. 
Aerosol precautionary measures will not only protect against airborne 
transmission of respiratory diseases, but also improve indoor air quality 
and result in health benefits extending well beyond the COVID-19 
pandemic.

(Source: UCSD news release)

“To mitigate transmission and end 

this pandemic, decision makers 

should consider implementing 

aerosol precautionary measures, 

including universal masking with 

attention to mask fit, improving 

ventilation rates in indoor spaces,”  
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These Fridge-Free COVID-19 Vaccines Are 
Grown in Plants and Bacteria

Nanoengineers at the University of California San Diego have 
developed COVID-19 vaccine candidates that can take the heat. Their 
key ingredients? Viruses from plants or bacteria.

The new fridge-free COVID-19 vaccines are still in the early stage of 
development. In mice, the vaccine candidates triggered high production 
of neutralizing antibodies against SARS-CoV-2, the virus that causes 
COVID-19. If they prove to be safe and effective in people, the 
vaccines could be a big game changer for global distribution efforts, 
including those in rural areas or resource-poor communities.

“What's exciting about our vaccine technology is that is thermally 
stable, so it could easily reach places where setting up ultra-low 
temperature freezers, or having trucks drive around with these freezers, 
is not going to be possible,” said Nicole Steinmetz, a professor of 
nanoengineering and the director of the Center for Nano-
ImmunoEngineering at the UC San Diego Jacobs School of 
Engineering.

The vaccines are detailed in a paper published Sept. 7 in the Journal of 
the American Chemical Society.

The researchers created two COVID-19 vaccine candidates. One is 
made from a plant virus, called cowpea mosaic virus. The other is made 
from a bacterial virus, or bacteriophage, called Q beta.

Both vaccines were made using similar recipes. The researchers used 
cowpea plants and E. coli bacteria to grow millions of copies of the plant 
virus and bacteriophage, respectively, in the form of ball-shaped 
nanoparticles. The researchers harvested these nanoparticles and then 
attached a small piece of the SARS-CoV-2 spike protein to the surface. 
The finished products look like an infectious virus so the immune system 
can recognize them, but they are not infectious in animals and humans. 
The small piece of the spike protein attached to the surface is what 
stimulates the body to generate an immune response against the 
coronavirus.

The researchers note several advantages of using plant viruses and 
bacteriophages to make their vaccines. For one, they can be easy and 
inexpensive to produce at large scales. “Growing plants is relatively easy 
and involves infrastructure that's not too sophisticated,” said Steinmetz. 
“And fermentation using bacteria is already an established process in the 
biopharmaceutical industry.”

Engineers develop COVID-19 vaccine candidates that can take the heat.



FOCUS FEATURES

16 The Scitech Journal Volume 08 Issue 10 October 2021

These Fridge-Free COVID-19 Vaccines Are Grown in Plants and Bacteria

Another big advantage is that the plant virus and bacteriophage 
nanoparticles are extremely stable at high temperatures. As a result, the 
vaccines can be stored and shipped without needing to be kept cold. 
They also can be put through fabrication processes that use heat. The 
team is using such processes to package their vaccines into polymer 
implants and microneedle patches. These processes involve mixing the 
vaccine candidates with polymers and melting them together in an oven 
at temperatures close to 100 degrees Celsius. Being able to directly mix 
the plant virus and bacteriophage nanoparticles with the polymers from 
the start makes it easy and straightforward to create vaccine implants 
and patches. 

The goal is to give people more options for getting a COVID-19 
vaccine and making it more accessible. The implants, which are injected 
underneath the skin and slowly release vaccine over the course of a 
month, would only need to be administered once. And the microneedle 
patches, which can be worn on the arm without pain or discomfort, 
would allow people to self-administer the vaccine.

“Imagine if vaccine patches could be sent to the mailboxes of our most 
vulnerable people, rather than having them leave their homes and risk 
exposure,” said Jon Pokorski, a professor of nanoengineering at the UC 
San Diego Jacobs School of Engineering, whose team developed the 
technology to make the implants and microneedle patches.

“If clinics could offer a one-dose implant to those who would have a 
really hard time making it out for their second shot, that would offer 
protection for more of the population and we could have a better chance 
at stemming transmission,” added Pokorski, who is also a founding 
faculty member of the university's Institute for Materials Discovery and 
Design.

In tests, the team's COVID-19 vaccine candidates were administered to 
mice either via implants, microneedle patches, or as a series of two 
shots. All three methods produced high levels of neutralizing antibodies 
in the blood against SARS-CoV-2.

Potential Pan-Coronavirus Vaccine

These same antibodies also neutralized against the SARS virus, the 
researchers found.

It all comes down to the piece of the coronavirus spike protein that is 
attached to the surface of the nanoparticles. One of these pieces that 

Steinmetz's team chose, called an epitope, is almost identical between 
SARS-CoV-2 and the original SARS virus.

“The fact that neutralization is so profound with an epitope that's so well 
conserved among another deadly coronavirus is remarkable,” said co-
author Matthew Shin, a nanoengineering Ph.D. student in Steinmetz's 
lab. “This gives us hope for a potential pan-coronavirus vaccine that 
could offer protection against future pandemics.”

Another advantage of this particular epitope is that it is not affected by 
any of the SARS-CoV-2 mutations that have so far been reported. That's 
because this epitope comes from a region of the spike protein that does 
not directly bind to cells. This is different from the epitopes in the 
currently administered COVID-19 vaccines, which come from the spike 
protein's binding region. This is a region where a lot of the mutations 
have occurred. And some of these mutations have made the virus more 
contagious.

Epitopes from a nonbinding region are less likely to undergo these 
mutations, explained Oscar Ortega-Rivera, a postdoctoral researcher in 
Steinmetz's lab and the study's first author. “Based on our sequence 
analyses, the epitope that we chose is highly conserved amongst the 
SARS-CoV-2 variants.”

This means that the new COVID-19 vaccines could potentially be 
effective against the variants of concern, said Ortega-Rivera, and tests 
are currently underway to see what effect they have against the Delta 
variant, for example.

Plug and Play Vaccine

Another thing that gets Steinmetz really excited about this vaccine 
technology is the versatility it offers to make new vaccines. “Even if this 
technology does not make an impact for COVID-19, it can be quickly 
adapted for the next threat, the next virus X,” said Steinmetz.

Making these vaccines, she says, is “plug and play:” grow plant virus or 
bacteriophage nanoparticles from plants or bacteria, respectively, then 
attach a piece of the target virus, pathogen, or biomarker to the surface.

“We use the same nanoparticles, the same polymers, the same 
equipment, and the same chemistry to put everything together. The only 
variable really is the antigen that we stick to the surface,” said Steinmetz.

The resulting vaccines do not need to be kept cold. They can be packaged 
into implants or microneedle patches. Or, they can be directly 
administered in the traditional way via shots.

Steinmetz and Pokorski's labs have used this recipe in previous studies to 
make vaccine candidates for diseases like HPV and cholesterol. And 
now they've shown that it works for making COVID-19 vaccine 
candidates as well.

Next Steps

The vaccines still have a long way to go before they make it into clinical 
trials. Moving forward, the team will test if the vaccines protect against 
infection from COVID-19, as well as its variants and other deadly 
coronaviruses, in vivo.

Paper: “Trivalent subunit vaccine candidates for COVID-19 and their 
delivery devices.” Co-authors include Angela Chen, Veronique Beiss, 
Miguel A. Moreno-Gonzalez, Miguel A. Lopez-Ramirez, Maria 

 Reynoso and Joseph Wang, UC San Diego; Hong Wang and Brett L. 
 Hurst,Utah State University.

Source: UC San Diego news release
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What Makes the Black Tigers of Similipal Black?
A team of scientists have discovered the genetic cause of the odd coat colouration and patterning in 

Similipal's black tigers

A team of scientists have discovered the genetic cause of 

the odd coat colouration and patterning in Similipal's 

black tigers. Headed by Uma Ramakrishnan and her 

student Vinay Sagar from the National Centre for 

Biological Sciences (NCBS), Bangalore, the team have 

found that a single mutation in the gene Transmembrane 

Aminopeptidase Q (Taqpep) causes the black tigers to 

develop stripes that seem to have broadened or spread into 

the tawny background. Genetic analyses of other tiger 

populations from India and computer simulations suggest 

that the Similipal black tigers may have arisen from a very 

small founding population of tigers and are inbred. 

Similipal tigers are an isolated population in eastern India, 

and gene flow between them and other tiger populations is 

very restricted. This has important implications for tiger 

conservation as such isolated and inbred populations are 

prone to extinction over even short periods of time.

The black tigers of Similipal in Odisha were once thought to be myths 
borne of hyperactive imaginations and overstimulated brains. After all, 
meeting or even seeing a tiger in a dense, dark forest could play tricks on 
the mind, couldn't it?

 However, it turns out that the black tiger is no myth, with the most recent 

Image description: A painting depicting the contrasting phenotype of a pseudomelanistic and a normal tiger. Painting by Deblina Sain Basu. 
This project was completed in fulfillment of certificate requirements from the Scientific Illustration Distance Program. www.gretchenhalpert-
distanceprogram.com 



FOCUS FEATURES

18 The Scitech Journal Volume 08 Issue 10 October 2021

What Makes the Black Tigers of Similipal Black?

sightings of this rare mutant tiger in Similipal being reported in   2017
and . Since the late 1700s, reports of black tiger sightings and  2018
supposed captures in Central and Northeast India have been recorded by 
locals and British hunters. In the late 1990s, definitive proof that black 
tigers actually do exist came in the form of an oddly patterned tiger pelt 
seized from poachers in New Delhi and the birth of oddly 
coloured/patterned tiger cubs in the Oklahoma City Zoo. In all these 
cases, several areas of the tigers' coats were abnormally dark or black, 
and such tigers were termed pseudomelanistic (pseudo = false; 
melanistic = dark/black coloured). Then in 1993, a boy killed a black 
tigress in self-defence near Similipal Tiger Reserve, whose pelt had a 

black background with white abdominal stripes and tawny dorsal 
stripes.

Once the existence of the black tiger was established, another question 
about these fascinating beasts arose – why are pseudomelanistic tigers 
coloured the way they are?

To answer this question, Uma Ramakrishnan and Vinay Sagar from the 
National Centre for Biological Sciences (NCBS), Bangalore, teamed 
up with national and international tiger experts and found out that it all 
boiled down to genetics.

The black tigers are mutants; they are Bengal tigers with a single base 
mutation in the gene Transmembrane Aminopeptidase Q (Taqpep). 
Different mutations in this gene are known to cause similar changes in 
coat colour in several other species of cats including cheetahs (where it 
causes the blotchy and striped patterns seen in king cheetahs) and 
splotchy markings in feral tabby cats in California. In black tigers, a 
mutation in the gene seems to cause the tigers' distinctive black stripes 
to broaden and spread into the orange-brown background, occasionally 
turning some parts of the tigers' pelt entirely black.

This drastic change in patterning and colouring of the black tigers' coat 
is caused by just one change in the DNA alphabet from C (Cytosine) to 

T (Thymine) in position 1360 of the Taqpep gene sequence. This causes a 
'missense mutation' in the Taqpep protein, where one amino acid in 
position 454 of the protein sequence is changed from a histidine to a 
tyrosine residue; this change is hypothesised to affect the way Taqpep 
molecules bind to metal ions, because of which the mutant protein may 
be non-functional. Although Taqpep is known to be a metalloprotease (an 
enzyme that uses a metal ion to catalyse the breaking down of other 
proteins) bound to the cell membrane, the exact mechanism of how it 
affects skin colour patterns is only just being worked out.

Further genetic analyses and comparisons with other captive and wild 
Indian tiger populations (a total of 395 individuals) indicate that the 
mutation in Similipal black tigers is either very rare or non-existent. The 
only other black tigers outside of Similipal in India exist in Nandankanan 
Zoological Park at Bhubaneswar and Arignar Anna Zoological Park at 
Chennai, where they were born in captivity. Genetic tracing proved that 
these captive-born tigers shared a common ancestry with Similipal 
tigers. Within Similipal, the mutation is present at a high frequency of 
0.58; this means that if you pick any tiger from Similipal, the chance that 
it carries the mutant gene is ~60%.  

The researchers carried out further investigations to understand why this 
mutation occurred at such a high frequency in Similipal alone. One 
hypothesis is that the darker coat colour of the mutants offers them a 
selective advantage when hunting in the dense closed-canopy and 
relatively darker forested areas of Similipal as compared to the open 
plains of most other tiger habitats. However, the results of additional 
genetic analyses coupled with computer simulations indicate that a small 
founding population and prolonged isolation from other tiger 
populations in India is likely to be the main reason for the occurrence of 
black tigers in Similipal.

Geographically, the closest tiger population to Similipal is ~500 km 
away. The median dispersal distance of tigers is only 148 km and 
although some individuals have been known to travel as far as 650 km 
away from their original territories, this is a very rare occurrence. Due to 
this geographic isolation, genetically related individuals have been 
mating with each other for many generations in Similipal, leading to 
inbreeding. In addition, the area's small tiger population makes it prone 
to ' , a condition where a mutation may end up occurring in genetic drift'
very high frequencies or being lost due to chance alone. A combination of 
these four interrelated factors – a small founding population, isolation, 
inbreeding, and genetic drift – are the likely evolutionary forces that have 
created Similipal's unique population of black tigers.

 

“It is amazing that we could find the genetic basis for such a striking 
pattern phenotype in wild tigers, and even more interesting that this 
genetic variant is at high frequencies in Similipal. Our analyses support a 
founding event, and a demographically small and genetically isolated 
population. More generally, maintaining connectivity of tiger 
populations with ongoing human activities will be an important 
conservation challenge.”, says Uma Ramakrishnan, who has studied 
tiger population genetics for over a decade.

About the work:
This work has been published as an article titled 'High frequency of an 
otherwise rare phenotype in a small and isolated tiger population' in 
the journal PNAS (Proceedings of the National Academy of Sciences 
of the United States of America) in September 2021. Read it here: 
https://www.pnas.org/content/118/39/e2025273118

Source: NCBS news release, written by Anusha Krishnan
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Disabled Kea Uses Tools For Self-care
Scientists finds the first evidence of tool use by a kea for the purpose of self-care

Scientists say they've found the first evidence of tool use by a kea for the 
purpose of self-care, in a new study from the University of Auckland.

The study, published in Scientific Reports, uses observations of a 
disabled kea (Nestor notabilis) named Bruce housed at Willowbank 
Wildlife Reserve in Christchurch, who has overcome his disability by 
using pebbles to preen himself.

Although anecdotal reports exist for self-care tool use in pet parrots, this 
form of tool use is rare in the wild, and this is the first time it has been 
observed in a kea. It is also the first scientific observation of a parrot 
using a pebble for self-care.

PhD candidate Amalia Bastos from the University's School of 
Psychology says Bruce's tool use highlights the intelligence of this 
alpine parrot species.

“Kea do not regularly display tool use in the wild, so to have an 
individual innovate tool use in response to his disability shows great 
flexibility in their intelligence. They're able to adapt and flexibly solve 
new problems as they emerge,” she says.

Bruce's behaviour was consistent and repeated, and so is regarded as 
intentional and innovative.

“The pebbles he picked up were different to those picked up by other 
kea, they were always of a certain size. This points to an intentional act: 
to find a way to preen himself without the top half of his beak.”

Bruce was found as a juvenile by a researcher at Arthur's Pass in 2013 
with the upper half of his beak missing. It's not known exactly how the 
injury occurred, but it is thought to be the result of an accident with a 
pest trap.

He was brought to the South Island Wildlife Hospital, where he was 
nursed back to health and now lives in a large aviary at Willowbank 

Wildlife Reserve.

Although keepers ensure that Bruce has access to soft foods which can be 
eaten without an upper bill, he has also learned to eat harder foods by 
pressing them up against hard objects.

Bruce has adapted well to his injury and can manipulate various objects 
by holding them between his tongue and lower mandible. His innovative 
pebble preening behaviour was first noted by keepers at Willowbank in 
late 2019.

To establish this behaviour was, in fact, intentional tool use, researchers 
observed Bruce in the aviary at Willowbank Wildlife Reserve across nine 
days. They recorded instances of him manipulating objects or preening 
himself and were able to establish five lines of evidence to show that his 
tool use is intentional.

The first line of evidence the researchers found was that in over 90 per 
cent of instances where Bruce picked up a pebble, he then went on to use 
it to help preen. Secondly, in 95 per cent of instances where Bruce 
dropped a pebble, he retrieved or replaced it before continuing to preen. 
Third, they also observed Bruce selected pebbles of a specific size that 
were suitable for preening, rather than randomly sampling pebbles in his 
environment.

Additionally, from observations of the other 12 kea in the aviary, they 
also found that no other bird used pebbles while preening, and that when 
the other individuals did interact with objects, they selected stones of 
different sizes to those Bruce used.

Ms Bastos says it is important to examine rare behaviours like this 
through repeated observations to ensure accurate reporting.“This paper 
also provides a new framework through which we can provide robust 
evidence for rare behaviours” she says.

Source: Auckland University news release

Bruce the kea with pebble in beak (Photo courtesy of Patrick Wood)
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Why Can't We Identify Music Notes As Well As 
Colors? A Perfect Pitch Study Offers Clues

Both light and sound travel as waves, with characteristics that allow 
people with typical vision and hearing to perceive and categorize them 
when they reach their eyes and ears: “That's a small red dog barking,” 
someone might say.

But while people can easily name most colors in different 
groups—distinguishing the specific frequencies and wavelengths of 
light—few can do the same for musical notes, which represent sounds 
with distinct, unchanging pitches. Hearing a musical note and naming it 
is beyond the listening expertise of most people.

In fact, this ability is rare enough that society celebrates people who can 
label musical notes heard spontaneously: They are said to have “perfect 
pitch,” or “absolute pitch” as scientists who study the science of 
auditory perception call the ability. More common among musicians is 
“relative pitch,” the ability to name musical notes in relation to one 
another on a scale (“do, re, mi”) but not without a reference note.

For psychologists and neuroscientists at the University of Chicago who 
have studied perfect pitch for years, this raised an interesting question 
about the relationship between sensory processing and cognition: What 
makes some musicians so good at identifying musical sounds? Is it the 
way their brains process sounds, their musical training, or both?

To help answer this question, doctoral student Katherine Reis and Prof. 
Howard Nusbaum worked with other UChicago researchers to design a 
study comparing people with perfect pitch and people without perfect 
pitch on a series of tasks.

“The presumed rarity of absolute pitch should be striking, as it is 

comparable to only being able to classify colors by their relationship to 
other colors and not with consistent labels such as 'blue,'” the authors 
wrote in a journal article describing their findings, which was published 
in July in Nature: Scientific Reports.

The task the researchers tested participants on required naming piano 
notes and naming “pure” sine tones generated by a computer (these 
represent exact frequencies without an instrument's timbre).

Thirty-one people participated in the study: 16 with perfect pitch and 15 
who were accomplished musicians without perfect pitch. In each trial, 
the scientists used electrodes attached non-invasively to people's heads 
to monitor the way their brains and nervous systems reacted to 
sounds—a measure called the “frequency following response” 
(FFR)—and recorded their accuracy along with details about the 
participants' backgrounds in music, including prior training.

They found that in both groups, the FFR—which provides a snapshot of 
the integrity of a person's ability to process sounds—predicted people's 
performance on pitch identification better than any metric previously 
used in studies of perfect pitch, including musical training.

Participants also tended to be better at naming notes played on a piano as 
compared to the computer-generated sine tones: Those with perfect pitch 
averaged 98% accuracy on piano and 77% for sine tones, while those 
without averaged 29% accuracy on piano and 25% for sine tones.

According to UChicago doctoral student John Veillette, who was also a 
co-author on the paper, this suggests that timbres—which are conferred 

Neuroscientists explore how people with absolute pitch process sounds

continued on page 22
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Massive Study Links Nearly 600 Genomic Regions 
To Self-regulating Behaviors

Researchers have identified 579 locations in the human genome 
associated with a predisposition to self-regulation-related behaviors, 
including addiction and child behavioral problems. With data from 1.5 
million people of European descent, the effort is considered to be one of 
the largest genome-wide association studies to date.

The study, published in August 26, 2021 in Nature Neuroscience, was 
conducted by a consortium of researchers at 17 institutions in the United 

States and the Netherlands, including Abraham Palmer, PhD, professor 
and vice chair of basic research, and Sandra Sanchez-Roige, PhD, 
assistant professor, both in the Department of Psychiatry at University of 
California San Diego School of Medicine. The consortium is led by 
Palmer, Danielle Dick, PhD, Virginia Commonwealth University; 
Philipp Koellinger, PhD, University of Wisconsin-Madison and Vrije 
Universiteit Amsterdam; and Kathryn Paige Harden, PhD, University of 
Texas at Austin.

Researchers identify 579 locations in the human genome associated with a predisposition to self-regulation-

related behaviors
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Why Can't We Identify Music Notes As Well As  continued from page 20

by upper harmonics in sound frequencies and give instruments their 
unique, familiar rings—play an important role in pitch recognition. Reis 
said that implies that experience is probably involved in pitch 
recognition, since even people with self-reported perfect pitch weren't 
“perfect” when the notes were produced in an unfamiliar way.

“As a result of our study, we now know that features of the FFR predict 
absolute pitch ability even better than the developmental factors that 
people usually associate with absolute pitch, like the age you first 
learned an instrument,” Reis said. “This suggests there's a really low-
level difference (in terms of the nervous system's response) in how 
absolute pitch possessors encode sounds in the brain.”

But despite the differences between the brains of people with and 
without perfect pitch, FFR itself is not a “fixed” trait—in other words, 
people may be able to improve their FFR, and their ability to name 
notes, over time, according to the scientists.

So, the study demonstrates that FFR is a very strong predictor of a 
person's accuracy when labeling notes, and perhaps a good metric for 
understanding a person's facility with sound recognition. But while it 
suggests that people who have fast, accurate FFR may be better at such 
tasks, it doesn't mean that FFR is immutable.

“As many fields in the behavioral sciences are now discovering, it may 
not be possible to fully understand cognition or perception without 
considering their dynamic interaction,” the authors wrote.

For Nusbaum, this was not surprising. The Stella M. Rowley Professor of 
Psychology has spent years studying perfect pitch alongside other 
scientists—including study co-authors Shannon Heald, an assistant 
instructional professor in the Department of Psychology, and Stephen 
Van Hedger, AB'09, PhD'15, now an assistant professor of psychology at 
Huron University College in Ontario.

They have argued consistently that perfect pitch is not a dichotomous 
ability that people either have or do not have: Instead, it may be better 
thought of as a continuous spectrum.

“Perfect pitch was long thought to be a rare ability that only some 
children could acquire if they had the right musical training in early 
childhood,” Nusbaum said. “However, this study provides further 
evidence that while the differences in people's ability to categorize notes 
are real—and related to cognitive processing—our brains develop in 
tandem with the skills we practice over our entire lives. So, when it 
comes to pitch learning, practice, in a sense, really does make 'perfect.'”

“Genes hold the instructions for making our brains,” Palmer said. 
“Subtle differences in those instructions create different brains that lead 
to different behaviors, even when confronted with the same 
environmental inputs. For example, different brains can be more or less 
impulsive. Over a lifetime, those little differences can shape the events 
of our lives in profound ways.”

The researchers constructed a genetic risk score — a number that 
reflects a person's overall genetic propensity based on how many risk 
variants they carry — to predict a range of behavioral, medical and 
social outcomes, including education levels, obesity, opioid use 
disorder, suicide, HIV infections, criminal convictions and 
unemployment. These actions and disorders, related to self-regulation, 
are collectively known as “externalizing” behaviors.

“This study illustrates that genes don't code for a particular disorder or 
outcome; there are no genes 'for' substance use disorder or 'for' behavior 
problems,” Dick said. “Instead, genes influence the way our brains are 
wired, which can make us more at risk for certain outcomes. In this case, 
we find that there are genes that broadly influence self-control or 
impulsivity, and that this predisposition then confers risk for a variety of 
life outcomes.”

Characterizing the genetic contributions to self-regulation is helpful 
because it permits researchers to better understand why some people are 
more predisposed to externalizing behaviors, predict who is at greatest 
risk for negative outcomes, prevent problems and intervene effectively.

The researchers hope that by providing a greater understanding of how 
genetic differences contribute to vulnerability, the study will also reduce 
stigma and blame surrounding externalizing behaviors. The researchers 
noted, however, that having a higher risk profile isn't necessarily a bad 
thing.

“For example, CEOs, entrepreneurs and fighter pilots are often higher 
on risk-taking,” Dick said. “DNA is not destiny. We all have unique 
genetic codes, and we're all at risk for something; but understanding 
one's predisposition can be empowering — it can help individuals 
understand their strengths, and their potential challenges, and act 
accordingly.”

The study took a unique approach. Instead of relying on traditional 
disease diagnoses, the researchers focused on self-reported behaviors 
and experiences, such as age at first sexual experience and problematic 
consequences of alcohol use.

“These self-reported traits are easier to measure at scale in the general 
population, and they correlate strongly with the disease states of our 
interest — in this case, externalizing psychopathology or behavioral 
self-regulation,” Sanchez-Roige said. “This is a revolutionary way to 
study psychiatric genetics.”

The study focused on individuals of European ancestry because that was 
the source of data most readily available to the team.

“One of our next goals is to repeat these analyses in non-European 
populations so we can better understand the genetic factors that 
influence externalizing behaviors in other ancestry groups,” Palmer 
said. “We expect the specific genetic predictors to be different, because 
those are shaped by random mutations and patterns of human migration, 
but we hypothesize that the underlying biology of behavioral inhibition 
is common across all people and may even have similarities with other 
species.”

Source: University of California San Diego  news release

Massive Study Links Nearly 600 Genomic Regions To Self-regulating Behaviors
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Increasing lifespan by reducing protein production errors
Reducing naturally occurring errors in protein synthesis (production) improves both health and lifespan

The novel findings, published in Cell 
Metabolism, are the first to demonstrate a 
direct link between fewer protein mistakes 
and longevity. Explaining the study, lead 
author Dr Ivana Bjedov (UCL Cancer 
Institute), said: “We commonly hear about 
DNA mutations, which can cause cancer, and 
are considered one of the underlying causes of 
ageing.  “However, mistakes in proteins 
which affect organismal health are largely 
neglected, despite the fact that errors 
introduced during synthesis of new proteins 
are much more frequent than mutations made 
during DNA replication.“For this study we 
therefore focused on protein errors, and we 
questioned if fewer mistakes in proteins 
improve health.”

For the study, scientists investigated an 
evolutionary 'hyper-accuracy' mutation, 
known as RPS23 K60R, found in the 
ribosomes of hyperthermophilic Archaea, a 
single-celled organism that can live at 
extremely high temperatures. Using genome 
editing, scientists engineered a metazoan 
ribosome to carry the identical mutation (a 

s i n g l e  a m i n o  a c i d  c h a n g e )  a s  t h e 
hyperthermophilic Archaea, and thereby 
replicated its effect on protein synthesis in 
simple model organisms, namely yeast, 
worms and fruit flies. The team observed that 
the organisms' proteins had fewer errors and, 
as a result, the organisms became heat 
resistant and lived longer. First author, Dr 
Victoria Eugenia Martinez-Miguel (UCL 
Cancer Institute) said: “The process of 
making proteins is not error free – ribosomes 
make mistakes. “We have shown, for the first 
time that changing a single amino acid in the 
ribosome decoding centre reduces protein 
synthesis mistakes and improves an 
organism's stress resilience and longevity.”

In addition to the reengineered ribosomes, 
researchers found some drugs approved for 
human use can also reduce mistakes in 
prote ins .  In teres t ingly,  these  drugs , 
rapamycin, torin and trametinib, are also 
known to be anti-ageing drugs. They affect the 
cell's ability to sense nutrients and therefore 
when applied in small quantities can have a 
similar effect as calorie restriction, a known 
pro-longevity treatment. This novel study 
suggests that reduction of protein errors is a 
unifying mechanism of anti-ageing drugs that 
could contribute to healthy ageing. Co-
corresponding author Professor Filipe 
Cabreiro (MRC London Institute of Medical 
Sciences) said: “This is the first study in a 
metazoan organism, to reveal that fewer 
mistakes in proteins can prolong health and 
longevity; we expect our results on yeast, 
worms and flies to be extended to mammals, 
which could potentially lead to treatments for 
improved health in the elderly.”

Source: University College London news 
release

Biological Sciences - Biotechnology

Controlling mosquitoes
New technology developed to safely restrain mosquito vectors via sterilization

Leveraging advancements in CRISPR-based 
genetic engineering, researchers at the 
University of California San Diego have 
created a new system that restrains popu-
lations of mosquitoes that infect millions each 
year with debilitating diseases. The new 
precision-guided sterile insect technique, or 
pg S I T,  a l te rs  genes  l inked  to  male 
fertility—creating sterile offspring—and 
female flight in Aedes aegypti, the mosquito 
species responsible for spreading wide-
ranging diseases including dengue fever, 
chikungunya and Zika.

“pgSIT is a new scalable genetic control 
system that uses a CRISPR-based approach to 
engineer deployable mosquitoes that can 
suppress populations,” said UC San Diego 
Biological Sciences Professor Omar Akbari. 
“Males don't transmit diseases so the idea is 
that as you release more and more sterile 
males, you can suppress the population 
without relying on harmful chemicals and 
insecticides.” The work is published in the 

journal Nature Communications.

pgSIT differs from “gene drive” systems that 
could suppress disease vectors by passing 
desired genetic alterations indefinitely from 
one generation to the next. Instead, pgSIT 
uses CRISPR to sterilize male mosquitoes 
and render female mosquitoes, which spread 
disease, as flightless. The system is self-
limiting and is not predicted to persist or 
spread in the environment, two important 
safety features that should enable acceptance 
for this technology.  Akbari says the 
envisioned pgSIT system could be imple-
mented by deploying eggs of sterile males and 
flightless females at target locations where 
mosquito-borne disease spread is occurring. 
“Supported by mathe-matical models, we 
empirically dem-onstrate that released pgSIT 
males can compete, and suppress and even 
eliminate mosquito populations,” the 
researchers note in the Nature Commu-
nications paper. “This platform technology 
could be used in the field, and adapted to many 

vectors, for controlling wild populations to 
curtail disease in a safe, confinable and 
reversible manner.” As envisioned, Akbari 
says pgSIT eggs can be shipped to a location 
threatened by mosquito-borne disease or 
developed at an on-site facility that could 
produce the eggs for nearby deployment. Once 
the pgSIT eggs are released in the wild, 
typically at a peak rate of 100-200 pgSIT eggs 
per Aedes aegypti adult, sterile pgSIT males 
will emerge and eventually mate with females, 
driving down the wild population as needed.

Beyond Aedes aegypti, the researchers believe 
the pgSIT technology could be directed to 
other species that spread disease. “This study 
suggests pgSIT may be an efficient technology 
for mosquito population control and the first 
example of one suited for real-world release,” 
the researchers say. 

Source: University of California San Diego 
news release
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Retinal promotes plan root growth
Plant roots and animal embryos rely on the same chemical for successful development

A new study in plants shows that retinoids' 
t issue-generating capacities are also 
responsible for the appropriate development 
of roots.  In a new study, appearing August 26 
in the journal Science, a research team led by 
Alexandra Dickinson, assistant professor at 
the University of California, San Diego, and 
Philip Benfey, the Paul Kramer Distinguished 
Professor of Biology at Duke University, 
identifies the compound that plays a key role 
in triggering the development of plants' lateral 
roots.

To test if retinal was indeed behind lateral root 
development, Dickinson and her team treated 
seedlings with a dye that glows when retinal is 
bound by a protein inside a cell. As the 
seedling grew, glowing dots appeared near the 
tip of the main root. Soon after, a lateral root 
would grow from those glowing spots. The 
process repeated at regular intervals as the 
seedling developed, showing that the growth 
of a lateral root was preceded by a peak in 
retinal binding. To confirm their findings, the 

team applied retinal directly to the plants' 
primary root. Seedlings that got a retinal 
booster developed more lateral roots than 
normal.  To be extra sure, the team applied a 
compound that made plants incapable of 
producing retinal, and saw that these 
seedlings made very few lateral roots. They 
then applied retinal directly to these seedlings' 
primary root, and sure enough, lateral roots 
started developing where retinal had been 
applied. “All the ways in which we looked at 
this question came back very positive,” 
Benfey said. “If an embryo is starved of 

retinal during its development, it will have 
developmental defects,” Benfey said. “It's 
surprisingly analogous to what happens with 
plants and their lateral roots.” And the 
similarities don't stop there: the cells of an 
animal embryo rely on special proteins to grab 
retinal from their surroundings. Plants produce 
their own retinoids, but they still need special 
p ro te ins  to  b ind  them and  ac t iva te 
developmental processes.

The research team found that the protein plants 
use to bind retinal is a doppelganger of the one 
found in animal cells. They are different, but 
have a similar structure and shape. “It is pretty 
exciting to have found both the signal that 
triggers root development and the protein that 
binds it,” Benfey said. Retinoids have multiple 
medical uses, from acne cream to cancer 
therapy. Discovering the exact ways in which 
they regulate the development of plant root 
tissues opens a whole new set of doors.

Source: Duke University news release

Biological Sciences - Cell Biology

Proteins that outwit viruses
New research shows that the cell-signaling activities of these proteins helped protect cells from infection 

Experiments in cell cultures showed that the 
cell-signaling activities of these proteins, from 
the SERINC family, helped protect cells from 
infection by HIV, Ebola and Zika viruses. The 
researchers are currently testing whether this 
function is also effective against SARS-CoV-
2, the virus that causes COVID-19. It's one 
thing for a protein to act directly against a 
specific virus, as SERINC5 has been shown 
to do by incorporating itself into the HIV 
particle during viral production. But it's 
another thing entirely to reveal that a protein 
has an enhancing effect on an essential 
antiviral cell signaling pathway upon 
infection of host cells, said senior study author 
Shan-Lu Liu, professor of virology in the 
Department of Veterinary Biosciences at The 
Ohio State University. “Viruses can get 
around direct antiviral effects,” said Liu, also 
an investigator and associate director in Ohio 
State's Center for Retrovirus Research. “But if 
this protein can also modulate key pathways 
without acting directly on the virus, then a 
virus may have limited capacity to counteract 
it. “If this family of molecules can do this in 

animals and humans, then you may think 
about whether it could be used in a broad 
antiviral therapy.” The research is published 
in the journal Science Signaling. In this study, 
Liu and colleagues took a closer look at 
SERINC5's functions in target cells during 
the next viral infection stage. They found that 
in addition to boosting the signals that 
produce type I interferons, SERINC5 has the 
same effect on signals that generate another 
component of the early antiviral response – 
NF-kB inflammatory cytokines.

In cell cultures in which viral infection had 
been initiated, the researchers observed that 
SERINC5 relocates itself from the cell 

surface to just outside the membrane around 
the mitochondria, a cell's power center – an 
unusual move. Once there, SERINC5 teamed 
up with MAVS and TRAF6 to form a big, 
multifaceted complex – a likely explanation 
for why its role is so influential on what 
happens next in the signaling pathway. “The 
aggregation of these proteins means they need 
each other – and this is an exciting finding,” 
said Liu. “A big complex like this can recruit 
additional molecules, enhancing the efficiency 
of the signal transduction pathway.” These 
recruited molecules are part of a cascade of 
messages that lead to type I interferon 
production and N F-kB inflammatory 
cytokines from virus-infected cells, both of 
which play a crucial role in limiting viral 
infection in the early stage. In experiments 
utilizing multiple types of human and animal 
cell cultures, this mechanism was seen to 
inhibit infection of cells by HIV, Ebola and 
Zika viruses.

Source: Ohio State University news release
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Formation of nephrons
Researchers traces the blueprints for how cells interact to lay the foundations of the human kidney

An USC-led team of scientists has managed to 
borrow some of nature's pages through a 
comprehensive analysis of how kidneys form 
their filtering units, known as nephrons. 
Published in the journal Developmental Cell, 
the study from Andy McMahon's lab in the 
Department of Stem Cell Biology and 
Regenerative Medicine at USC was led by 
Nils Lindström. The team traced the 
blueprints for how cells interact to lay the 
foundations of the human kidney, and how 
abnormal developmental processes could 
contribute to disease. Their findings are 
publicly available as part of the Human 
Nephrogenesis Atlas, which is a searchable 
database showing when and where genes are 
active in the developing human kidney and 
predicting regulatory interactions going on in 
developing cell types. “There's only one way 
to build a kidney, and that's nature's way,” said 
McMahon, who is the director of the Eli and 
Edythe Broad Center for Regenerative 
Medicine and Stem Cell Research at USC. 
“Only by understanding the logical 
f r a m e w o r k  o f  n o r m a l  e m b r y o n i c 

development can we improve our ability to 
synthesize cell types, model disease and 
ultimately build functional systems to replace 
defective kidneys.”

To reconstruct nature's molecular and cellular 
blueprints, the team studied hundreds of 
human and mouse nephrons at various points 
along their typical developmental trajectories. 
This allowed the researchers to compare 
important processes that have been conserved 
during the nearly 200 million years of 
evolution since humans and mice diverged 
from their common mammalian ancestor. The 
study details the similar genetic machinery 
that underpins nephron formation in humans 

and mice, enabling other groups of scientists to 
follow the logic of these developmental 
programs to make new types of kidney cells. 
All told, there are at least 20 specialized cell 
types that form the kidney's intricate tubular 
network, which helps maintain the body's fluid 
and pH balance, filter the blood, and 
concentrate toxins into the urine for excretion.

“By generating detailed views of the 
beautifully complex process by which human 
nephrons form, we aim to enhance our 
understanding of development and disease, 
while guiding efforts to build synthetic kidney 
structures,” said Lindström. The scientists 
were also able to determine the precise 
positions of expressed genes with known roles 
in Congenital Abnormalities of the Kidney and 
Urinary Tract (CAKUT). In specific types of 
cells, the researchers identified networks of 
interacting genes. Based on these associations, 
the team predicted new candidate genes to 
explore in CAKUT and other kidney diseases.

Source: University of Southern California 
news release

Biological Sciences - Ecology and Evolution

Elevation fosters evolution
Rrise and fall of Earth's land surface over the last three million years shaped the evolution of birds and mammals

Researchers at the University of Cambridge 
have combined reconstructions of the Earth's 
changing surface elevations over the past 
three million years with data on climate 
change over this timeframe, and with bird and 
mammal species' locations. Their results 
reveal how species evolved into new ones as 
land elevation changed - and disentangle the 
effects of elevation from the effects of climate. 
The study found that the effect of elevation 
increase is greater than that of historical 
climate change, and of present-day elevation 
and temperature, in driving the formation of 
new species – 'or speciation'. In contrast to 
areas where land elevation is increasing, 
elevation loss was not found to be an 
important predictor of where speciation 
happens. Instead, present-day temperature is a 
better indicator of speciation in these areas. 
The results are published in the journal Nature 
Ecology and Evolution.

“Often at the tops of mountains there are many 

more unique species that aren't found 
elsewhere. Whereas previously the formation 
of new species was thought to be driven by 
climate, we've found that elevation change 
has a greater effect at a global scale,” said Dr 
Andrew Tanentzap, senior author of the paper. 
As land elevation increases, temperature 
generally decreases, and habitat complexity 
increases. In some cases, for example where 
mountains form, increasing elevation creates 
a barrier that prevents species moving and 
mixing, so populations become repro-
ductively isolated. This is the first step 
towards the formation of new species. The 
effect of increasing elevation on that rate of 

new species formation over time was more 
pronounced for mammals than for birds; the 
researchers think this is because birds can fly 
across barriers to find mates in other areas. 
Birds were affected more by present-day 
temperatures; in birds, variation in temperature 
creates differences in the timing and extent of 
mating, risking reproductive isolation from 
populations of the same species elsewhere. 
“The rate at which species evolved in different 
places on Earth is tightly linked to topography 
changes over millions of years,” said Dr Javier 
Igea, first author of the paper. He added “this 
work highlights important arenas for evolution 
to play out. From a conservation perspective 
these are the places we might want to protect, 
especially given climate change. Although 
climate change is happening over decades, not 
millions of years, our study points to areas that 
can harbour species with greater potential to 
evolve.”

Source: University of Cambridge news release
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Precise tuning of bacterial nanomotors
Study describes the mechanisms that enable bacteria to adapt to varying viscosities in their environment.

In a new study, published in the journal Nature 
Communications researchers at Texas A&M , 
University have found that the appendages 
controlling bacterial navigation, called the 
flagella, adjust to changes in the viscosity of 
fluids very precisely. This adaptation enables 
the bacterium to continue using its flagella to 
search for nutrients, sense surfaces and 
establish colonies in different habitats.

“There is a significant interest in the 
biomedical fields to understand how 
individual bacterial cells transition from a 
lonesome existence to a community lifestyle,” 
said Pushkar Lele, associate professor in the 
Artie McFerrin Department of Chemical 
Engineering. Recent evidence suggests that 
the flagellum plays a role in sensing changes 
in the cell's mechanical environment — a 
process called mechanosensing. So, if the 
bacterium encounters an increase in resistance 
to the rotation of its flagella, it would be 
sensed as an increase in the viscosity of the 
environment. In response, the flagellar motor 
recruit extra stator units to compensate by 
developing more power. However, research 

has also shown that such an increase in the 
resistance prevents the flagellum from 
switching directions of rotation, potentially 
rendering the chemotaxis machinery defunct.

For their experiments, the researchers chose a 
strain of E. coli with a fluorescently-labeled 
chemotaxis protein, CheY-P, that binds to the 
flagellar motor to initiate flagellar switching. 
The researchers applied resistance to the 
motor and then observed the level of 
fluorescence using high-powered micro-
scopes. They found that the fluo-rescence 
dropped below baseline when they removed 
the stator proteins using genetic techniques. In 
comparison, the fluorescence level remained 

at the baseline when the stators continually 
delivered torque to rotate the motor. This 
suggested that the presence of the stator units 
promoted CheY-P binding to the motor. Based 
on these observations, the team theorized that 
in high viscosity environments, the increase in 
mechanical torque provided by the extra stator 
units increases the binding of CheY-P to the 
motor, thereby maintaining homeostasis in the 
switching function of the flagellum. Lele 
points out this phenomenon of fine-tuning the 
internal state to adapt to changing mechanical 
loads  bears  a  crude resemblance  to 
proprioceptive adaptation, whereby organisms 
with a nervous system continuously intuit their 
position and velocity to make adaptive 
changes to achieve homeostasis or a stable 
physiological state. For example, insects' 
muscular skeletal systems internally adapt and 
adjust to varying loads on their limbs to 
maintain their posture and grip when walking 
on the floor or the ceiling.

Source: Texas A&M University news release

Biological Sciences - Microbial Science

Bacterial hairs power 'electric grids'
A hair-like protein hidden inside bacteria serves as switch for a global web of bacteria-generated nanowires

A hair-like protein hidden inside bacteria 
serves as a sort of on-off switch for nature's 
“electric grid,” a global web of bacteria-
generated nanowires that permeates all 
oxygen-less soil and deep ocean beds, Yale 
researchers report in the journal Nature  The . “
ground beneath our feet, the entire globe, is 
electrically wired,” said Nikhil Malvankar, 
assistant professor of molecular biophysics 
and biochemistry at the Microbial Science 
Institute at Yale's West Campus and senior 
author of the paper. “These previously hidden 
bacterial hairs are the molecular switch 
controlling the release of nanowires that make 
up nature's electrical grid.” Almost all living 
things breathe oxygen to get rid of excess 
electrons when converting nutrients into 
energy. Without access to oxygen, however, 
soil bacteria living deep under oceans or 
buried underground over billions of years 
have developed a way to respire by “breathing 
minerals,” like snorkeling, through tiny 
protein filaments called nanowires. Just how 

these soil bacteria use nanowires to exhale 
electricity, however, has remained a mystery. 
Since 2005, scientists had thought that the 
nanowires are made up of a protein called 
“pili” (“hair” in Latin) that many bacteria 
show on their surface. However, in research 
published 2019 and 2020, a team led by 
Malvankar showed that nanowires are made 
of entirely different proteins. “This was a 
surprise to everyone in the field, calling into 
question thousands of publications about 
pili,” Malvankar said.

For the new study, graduate students Yangqi 
Gu and Vishok Srikanth used cryo-electron 
microscopy to reveal that this pili structure is 
made up of two proteins and instead of serving 
as nanowires themselves, pili remain hidden 
inside the bacteria and act like pistons, 
thrusting the nanowires into the environment. 
Previously nobody had suspected such a 
structure. Understanding how bacteria create 
nanowires will allow scientists to tailor 
bacteria to perform a host of functions — from 
combatting pathogenic infections or biohazard 
waste to creating living electrical circuits, the 
authors say. It will also assist scientists seeking 
to use bacteria to generate electricity, create 
biofuels, and even develop self-repairing 
electronics. Other authors are Aldo Salazar-
Morales, Ruchi Jain, Patrick O'Brien, Sophia 
Yi, Fadel A. Samatey, and Sibel Ebru Yalcin, 
all from Yale, as well as Rajesh Soni from 
Columbia University.

Source: Yale University news release
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Competing bacterial weapons provide new antibiotic targets
The finding could lead to a new class of antibiotics, as well as providing a method for finding new targets

A new study, led by the team of Professor 
Alain Filloux at Imperial College London and 
published in Nature Microbiology, has 
identified a new potential drug target that 
could be an ideal  candidate for  the 
development of novel antibiotics. Lead author 
Dr Laura Nolan said “Despite constant efforts 
to develop new antibiotics, levels of antibiotic 
resistance continue to increase”. Different 
species, and even different strains of the same 
species of bacteria, can compete for resources 
by launching weapons that impair or kill their 
competitors. One of these weapons is the 
'Type VI secretion system' (T6SS), a 
microscopic harpoon, which several bacteria 
use to fire toxic arrows at other bacteria. While 
several of these toxins are known, the 
researchers suspected other toxins, which 
attack different parts of their rival bacteria, 
were waiting to be discovered.  Every toxin 
gene sits next to a gene that encodes for an 
immunity against that toxin, which prevents 
cells from killing themselves or their 
neighbouring sister cells. The team realised 

that these immunity genes, and neighbouring 
toxins, could be identified using an approach 
called transposon directed insertion-site 
sequencing (TraDIS).

The team made two TraDIS libraries, each 
containing a pool of millions of bacterial cells 
that each contain unique transposon insertions 
across the whole genome. In one library, the 
T6SS was active and able to produce toxins, 
and in the other the T6SS was inactive and 
thus unable to produce toxins. In this case, 
transposon insertions would only occur in the 
T6SS inactive library, allowing the team to 
find differences in the libraries. This led to the 

identification of previously known T6SS 
toxins and immunities, as well as a range of 
new ones. They then studied one of the new 
toxin genes, known as Tse8, to find out how it 
was able to harm its competitors. They found 
that it impacted the functioning of a cell 
component called the transamidosome 
complex, which is crucial for protein synthesis 
in  cer ta in  bacter ia .  Tse8 causes  the 
transamidosome complex to 'gum up' by 
overly promoting the recruitment of one of its 
components, ultimately impairing the growth 
of the affected bacteria. Professor Filloux said 
“the transamidosome complex is also crucial 
for the survival of other pathogenic bacteria, 
including those that cause meningitis, urinary 
tract infections, and staph infections, meaning 
any antibiotic targeting it could have a range of 
uses. At the same time, the new antibiotic 
would not harm the so-called 'good' bacteria 
that live in our gut and support our health”.

Source: Imperial College London

Biological Sciences - Microbiology

Gut microbes and cognition
Trillions of bacteria and other microbes that live in the intestines - can alter the brain and behavior

Recent research has found that changes in the 
gut microbiota can alter the brain and 
behavior. Now, a study led by scientists at 
UCLA could elucidate how and why that 
phenomenon occurs.

In the experiment, which was conducted with 
mice, they found that the concentration of one 
group of bacteria called Bilophila increased 
dramatically in the gut microbiota of mice that 
were fed a ketogenic diet  and were 
intermittently exposed to hypoxia. The scien-
tists also found that a ketogenic diet, hypoxia 
and treatment with the species Bilophila 
wadsworthia impaired the hippo-campus, 
leading to reduced cognitive ability in mice. 
The research is published in the journal Cell 
Host & Microbe.

The researchers gave several mice a ketogenic 
diet and others a standard diet. Then, all of the 
mice received reduced levels of oxygen for 
five consecutive days and then were given 
four days to recover. Depriving the animals of 
some oxygen was a way for the scientists to 

cause cognitive impairment, in order to mimic 
the cognitive impairment in humans that can 
be caused by neurological diseases or aging. 
Next, the scientists observed their ability to 
navigate a maze. When trying to find their 
way out of a maze, mice on the ketogenic diet 
made an average of 30% more errors than 
mice given the standard diet. (The range of 
difference between the two groups was 25% 
to 75%.) The researchers also evaluated 
whether the different diets alone could cause 
any change in cognitive behavior in mice who 
had not been deprived of oxygen. In that 
experiment, there was no appreciable 
difference in the mice's ability to find their 

way out of the maze based on whether they had 
a ketogenic diet or a standard diet — indicating 
that the negative impact on cognitive ability 
only occurred in combination with oxygen 
deprivation. “These results highlight the 
ability of different environmental factors to 
interact together to impact cognitive behavior 
in mice,” said lead author Christine Olson, a 
UCLA graduate student.

Next, the researchers investigated what would 
happen if they depleted the mice's microbiota 
before administering a ketogenic diet and 
exposing them to hypoxia. Interestingly, mice 
that had their microbiota depleted first made 
significantly fewer errors in the maze than 
mice that were exposed to hypoxia and given a 
ketogenic diet but had not had changes to their 
microbiota first. “This suggests that the 
microbes associated with the ketogenic diet 
and hypoxia could contr ibute to the 
detrimental effects on cognitive impairment,” 
Olson said.

Source: UCLA news release
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Sustained agriculture using traditional knowledge 
A study finds that farm practice based on traditional knowledge was better than chemical-intensive systems 

A study has found that farm practice based on 
traditional knowledge was better than 
chemical-intensive systems in altering and 
modifying the nutrient dynamics of the soil 
with respect to Nitrogen (N), Phosphorus (P), 
Potassium (K), Sulphur (S), Calcium (Ca), 
and Magnesium (Mg) levels on a long term 
basis. It was conducted in Kachchh in Western 
India, which is a typical representative of 
allied arid and semi-arid tropics that are prone 
to various natural threats and stressors like 
drought, salinity, and erratic rainfall pattern. 
Seasonal amendment data showed that the 
traditional knowledge-based systems were 
efficient in the accrual of soil organic carbon 
(SOC) over seasons, while their impacts with 
regards to the major primary (N, P, K) and 
secondary (S, Ca, Mg) nutrients were at par 
with or higher than integrated chemical-
intensive systems. The traditional knowledge-
based amendments were found to ensure 
proper and timely management of nutrients in 
the soil.  The comparative study was 
conducted by analysing soils on 10 fields for 

the pre, mid and post-harvest phases of the 
crop in six cropping seasons spread across 
four years. For avoiding site variability, the 10 
fields that were based on the traditional 
knowledge system were located on one farm 
and the 10 fields that were based on chemical-
intensive systems were located on another 
farm. The traditional knowledge system-
based farm used farmyard compost (FYC) as 
a basal dose before sowing and 'Jivamrit S' 
which is a fermented concoction consisting of 
cow urine, cow dung, jaggery, gram flour, and 
soil. The concoction was prepared onsite in 
composting pits and was applied with 
watering twice, at a seven and fourteen-day 

interval from sowing.

The study was conducted by researchers from 
the Department of Earth and Environmental 
Science, KSKV Kachchh University, and 
Blue Bay Coastal Research Foundation, 
Chennai, India. The research results are 
published in the journal, `Scientific Reports'. 
Dr. Sharma, who was the team leader, noted, 
“The world population is expected to be 9.7 
billion by 2050. This increased population 
pressure would demand an increased food 
production. However, the most important 
entity in agricultural production-the arable 
land is limited and its expansion beyond a 
certain threshold is not possible. Meeting the 
demands of the growing population would 
require an increased yield from present arable 
land. However, this increase in yield has to 
ensure that it was based on sound soil nutrient 
management, in a way that a self-reliant 
system is developed that maintains soil 
fertility in the long run”.

Source: India Science Wire

Biological Sciences - Plant Science

Making spinach look like lettuce
Study identifies two gene families that regulate the development of `simple' leaves in a plant 

A new study could help introduce innovations 
in the food industry as it could help change the 
shape of the salad leaves as one desires. The 
new study had shed light on how `simple' 
leaves develop in a plant. It has identified two 
gene families that regulate the development of 
`simple' leaves in a plant called Arabidopsis 
thaliana – a popular model organism in plant 
biology. These gene families – CIN-TCP and 
K N O X - I I  –  encode  pro te ins  ca l led 
transcription factors that suppress the 
formation of new leaflets at the margin, 
thereby giving rise to `simple' leaves. The 
researchers simultaneously suppressed 
multiple members of the two gene families. 
This caused the `simple' leaves to become 
`super compound' leaves that gave rise to 
leaflets indefinitely. However, when they 
independently suppressed either of the two 
gene families, the leaves did not turn into 
compound leaves. This suggests that the genes 
work in concert. In addition, the mutant leaves 
continued to stay young and grow for as long 

as they had the necessary growing conditions. 
While Arabidopsis leaves typically mature in 
around 30 days and withers by 60 days, the 
leaves of these mutant plants with suppressed 
CIN-TCP and KNOX-II gene families grew 
for as long as the researchers followed them 
(175 days) – and could potentially go on for 
months or years given the necessary 
conditions.

The study was conducted by researchers from 
the Department of Microbiology and Cell 
Biology (MCB) at the Bengaluru-based 
Indian Institute of Science (IISc) and their 
collaborators from Shodhaka Life Sciences, 

Bengaluru. “While other scientists have been 
able to convert compound leaves to simple 
leaves by manipulating the expression of 
certain genes, our report is the first one to go 
the other way around,” Utpal Nath, a senior 
author of the paper, said. The findings could 
initiate and nurture innovations in the food 
industry in the long run. Krishna Reddy Challa, 
a former Ph.D. student at MCB and co-lead 
author of the study, said, “One could use this 
technique to alter the shape of the salad leaves 
as one chooses or increase their biomass. For 
instance, you could change the shape of a 
spinach leaf to look like lettuce.” Monalisha 
Rath, another co-lead author of the study, said 
“Since the leaves don't mature once the CIN-
TCP and KNOX-II genes are suppressed, you 
can also control the longevity of the plant and 
thereby extend its shelf-life”. The research was 
published in the journal Nature Plants.

Source: India Science Wire
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Lithium from contaminated water
Engineers and scientists are developing a way to extract lithium from contaminated water

An interdisciplinary team of engineers and 
scientists is developing a way to extract 
lithium from contaminated water. New 
research, published this week in Proceedings 
of the National Academies of Sciences, could 
simplify the process of extracting lithium 
from aqueous brines, potentially create a 
much larger supply and reduce costs of the 
element for batteries to power electric 
vehicles, electronics and a wide range of other 
devices. Currently, lithium is most commonly 
sourced from salt brines in South America 
using solar evaporation, a costly process that 
can take years and loses much of the lithium 
along the way.

The research team from The University of 
Texas at Austin and University of California, 
Santa Barbara, designed membranes for 
precise separation of lithium over other ions, 
such as sodium, significantly improving the 
efficiency of gathering the coveted element. 
“The study's findings have significant 
implications for addressing major resource 
constraints for lithium, with the potential to 
also extract it from water generated in oil and 

gas production for batteries,” said Benny 
Freeman, a professor in the McKetta 
Department of Chemical Engineering at UT 
Austin and a co-author on the paper.

Beyond salt brines, wastewater generated in 
oil and gas production also contains lithium 
but remains untapped today. Just a single 
week's worth of water from hydraulic 
fracturing in Texas' Eagle Ford Shale has the 
potential to produce enough lithium for 300 
electric vehicle batteries or 1.7 million 

smartphones, the researchers said. This 
example shows the scale of opportunities for 
this new technique to vastly increase lithium 
supply and lower costs for devices that rely on 
it. At the heart of the discovery is a novel 
polymer membrane the researchers created 
using crown ethers, which are ligands with 
specific chemical functionality to bind certain 
ions. Crown ethers had not previously been 
applied or studied as integral parts of water 
treatment membranes, but they can target 
specific molecules in water — a key ingredient 
for lithium extraction. In most polymers, 
sodium travels through membranes faster than 
lithium. However, in these new materials, 
lithium travels faster than sodium, which is a 
common contaminant in lithium-containing 
brines. Through computer modeling, the team 
discovered why this was happening. Sodium 
ions bind with the crown ethers, slowing them 
down, while lithium ions remain unbound, 
enabling them to move more quickly through 
the polymer.

Source: University of Texas at Austin news 
release
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Quick way for material discovery
A new way to predict the outcome of reactions could lead to faster discovery of new materials 

Enzymes perform essential chemical and 
biological processes by taking biomolecules 
into cavities within their structures and 
facilitating important reactions. Chemists 
have attempted to emulate this with 'molecular 
cages' – chemical structures that contain 
cavities that can bind smaller molecules 
within, called 'guests'. Now, researchers from 
the Department of Chemistry at Imperial 
College London have used a computer-driven 
approach to predict the results of cage-
building reactions with high precision. This 
will help chemists select the ideal building 
blocks to prepare cages with desirable stru-
ctures and properties before trying to 
synthesise them in the lab, minimising 
unsuccessful experimentation. The study is 
published in the journal Angewandte Chemie.

Currently, to simplify their synthesis, most 
cages and their cavities are highly symmetric. 
However, this limits the design of cages for 
potential guest molecules. This contrasts with 

natural enzymes' ability to be highly selective 
in which molecules can bind with them.

Researchers at Imperial are developing ways 
to assemble cages with lower symmetry, 
allowing more guest-specific cavity shapes, 
by using more complex components in their 
construction. By using unsymmetrical 
building blocks, 'wonky' cages with inte-
resting cavity shapes can be created. How-
ever, unsymmetrical building blocks are more 
difficult to create because the outcomes of the 
'self-assembly' reactions needed to construct 
them are harder to predict. Failed reactions 
can result in the formation of an undesirable 
molecule, or even a mixture of products, 
rather than the single target structure. All this 
means constructing new cages can be a time-
consuming and costly trial-and-error process, 
with lots of wasted effort. The new approach 
instead analyses computational models of 
potential cages to make predictions about 
their self-assembly. The predictions use the 
energy and geometry of the computationally 

constructed cages and are good guides for 
whether a self-assembly process will lead to a 
single structure. This information can then be 
used to select target cage molecules to prepare 
in the lab.

The team used software called stk, previously 
developed at Imperial, to build the compu-
tational models. As well as having large 
predicting power, the calculations are also very 
rapid, taking only a few hours on a common 
desktop PC. Based on the computational data, 
the team selected a number of building blocks 
to synthesise in the lab. They found that the 
approach successfully predicted the exper-
imental outcomes of the self-assembly 
process. This allowed them to prepare several 
new low-symmetry 'wonky cages' that had 
never been synthesised before and verified the 
usefulness of the calculations for predicting 
which molecules would form.

Source: Imperial College London news release
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High-quality transparent ceramics
Developed for the first time in India can be used in thermal imaging and personal protection devices

Researchers have developed transparent 
ceramics, reaching theoretical transparency 
through a technique called colloidal 
processing followed by simultaneous 
application of temperature and pressure, for 
the first time in India. The material can be used 
for thermal imaging applications, especially 
in harsh service conditions and personal 
protection systems such as, helmets, face 
shields, and goggles. Transparent ceramics is 
a new class of advanced materials with unique 
transparency and excellent mechanical 
properties. These materials can be designed 
not only for transparent to visible light but also 
for ultraviolet (UV), Infrared (IR), and 
Radiofrequency (RF), giving opportunity for 
diverse applications. Though produced by 
different countries globally, transparent 
ceramics are restricted in supply as they can be 
used for strategic applications. Though 
several attempts were made in the country, the 
transparent ceramics produced were either on 
a laboratory scale or low transparency. 
Currently developed process is able to 

produce the sizes usable for several 
applications and on a pilot scale.

Generally, prepared from the high purity 
powders through a line of critically 
engineered processing steps, transparent 
ceramics needs preparation processes that 
will help achieve theoretical transparency by 
eliminating defects. Chemical Vapour 
Deposition (CVD) involving reactions of the 
precursors in the vapor phase at elevated 
temperatures and HotIsostatic Pressing (HIP) 
involving simultaneous application of 
temperature and pressure are a few advanced 
processing techniques generally practiced to 
address the above challenges. An enhanced 

diffusion process at high temperature under 
pressure is suggested as the possible 
mechanism to eliminate the defects.

Researchers at the ARCI have produced 
magnesium aluminate spinel ceramics with 
colloidal processing followed by HIP 
technique which involves the simultaneous 
application of temperature and pressure. 
Spinel is currently emerging as a transparent 
ceramic based on the outstanding optical 
properties of transmission – more than 75 % in 
the visible and more than 80% in the infrared 
range. It also has higher strength of 200 
megapascal and hardness of more than 13 
Gigapascal. This research has been published 
in the journal 'Materials Chemistry and 
Physics' recently. With potential applications 
in infantry personal protection systems 
involving thermal imaging such as helmets, 
face shields, and goggles, these transparent 
ceramics developed in India is a step towards 
Atmanirbhar Bharat.

Source: PIB

Chemical Sciences - Material Science

New method for 'Green' fertiliser
The method produces 'urea', which is a natural product found in the urine of mammals, and an essential 

compound for fertilisers

A team of international scientists led by 
Nanyang Technological University, Singa-
pore (NTU Singapore) has devised a new 
'greener' method to make a key compound in 
fertiliser, and that may pave the way to a more 
sustainable agricultural practice as global 
food demand rises.

Devised by NTU researchers, the method 
produces a compound known as 'urea', which 
is a natural product found in the urine of 
mammals, and an essential compound for 
fertilisers that is mass-produced industrially to 
increase crop yields.

Seeking a sustainable and energy-efficient 
method, the team found a way to greatly 
improve an existing alternative approach to 
urea production known as electrocatalysis – 
using electricity to drive chemical reactions in 
a solution. Using the nanomaterial indium 
hydroxide as a catalyst, the researchers 
reacted nitrate and carbon dioxide and found 
that the process formed urea five times more 
efficiently than previously reported attempts 

using electrocatalysis, specifically by causing 
the chemical reaction to take place in a 'highly 
selective' manner. Co-lead author of the study, 
Professor Alex Yan said, “Our method 
essentially manipulates the chemical reaction 
process to become 'highly selective'. By 
picking a better catalyst, we helped the nitrate 
ions and carbon dioxide molecules to 
optimally position themselves to facilitate 
urea formation, while suppressing the 
creation of unnecessary by-products like 
hydrogen, leading to higher efficiency and 
better urea yields.” The study findings are 
published in the journal Nature Sustainability, 
and the alternative urea production method 
has been patented by NTU. This new method 
to produce urea may inspire the future design 
of sustainable chemistry approaches and 
contribute to 'greener' agricultural practices to 
feed the world's growing population, say the 
research team.

As a proof of concept, the scientists tested the 
efficiency of their devised method in the lab 

and found that the approach achieved a urea 
yield of 53.4 per cent, which is competitive 
with the current Haber-Bosch industrial 
method, that was first demonstrated in 1910. 
The Haber-Bosch, a two-step thermal process, 
is fossil fuel reliant and can only happen at 
specific high temperatures, and high-pressure 
conditions. First, nitrogen and hydrogen are 
combined to make ammonia. Carbon dioxide 
is then bonded with it to make urea. By 
comparison, the new NTU approach is more 
environmentally friendly and simpler. It uses 
nitrate - a compound with bonds that require 
less energy to break - carbon dioxide, and 
hydrogen to directly trigger urea formation 
under room temperature. The new method is 
simple enough to be adopted at both large and 
small scales, say the research team. The 
electrocatalytic device could be easily 
operated by farmers to generate their own urea 
for fertilisers. The method could also one day 
be powered entirely by renewable energy.

Source: Nanyang Technological University 
news release
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Capsules for controlled drug delivery 
Scientists create tiny mechanical capsules that can pick up, carry, and release cargo on cue

Scientists from the University of Chicago and 
New York University have created a way to 
make tiny mechanical capsules that can pick 
up, carry, and release cargo on cue. The results 
published in Nature, could potentially have 
applications in medicine, pollution clean-up, 
or robotics. “This is proof of concept of a very 
powerful piece of machinery, at a scale that's 
difficult to achieve with other methods,” said 
Prof. William Irvine of UChicago, the co-
corresponding author on the study. The 
capsules are thin oil shells filled with delicious 
innards of your choice, not unlike the popping 
“boba” bubbles that you can get in milk tea, 
smoothies or frozen yogurt. But unlike boba, 
each capsule is only two microns across—a 
little bit smaller than a single red blood cell. 
They can be made to release their cargo on cue 
when exposed to light or a change in pH. The 
scientists imagine multiple potential uses for 
the capsules, such as delivering drugs to 
specific areas of the body, cleaning up 
pollution or even microbes, or in building 
micromachines or soft robots.

To make the capsules, the researchers start 
with droplets of oil that they inflate like 
balloons using chemical reactions. Then they 
harden the shell by polymerizing it. Each 
capsule has an even tinier hole, and inside sits 
a tiny pump that can be activated to either suck 
in or expel liquid from the capsule's 
surroundings. “Having an autonomous 
particle that can actively ingest or expel 
material—that's a highly desirable property, 
because now you can think of it as a 
microcontainer that you can fill at will,” said 

Sacanna. “The applications here are really up 
to your imagination.” For example, they could 
be used for vacuuming up unwanted particles: 
“Think of them like the Pac-Man video 
game—they go around eating the pollutants 
and removing them from the environment,” 
Sacanna said. That could even include viruses 
and bacteria; In the paper, they demonstrated 
using the system to suck up E. coli bacteria. 
“Or you can imagine stuffing them with 
medicine, and then engineer them to release 
the medicine only when they get where you 
want them in the body,” Irvine said. There are 
also potential applications in robotics and 
micromachines, or to build an artificial cell 
that mimics the functions of biological cells.

Source: University of Chicago news release

Earth and Planetary Sciences - Astrophysics

Inner workings of the Sun revealed
Scientists peek into the Sun by estimating magnetic fields using radio observations

The Sun is an extremely active object, 
spewing out vast quantities of gas in many 
violent events and the corona is a region of 
very high temperatures, strong magnetic 
fields, and violent plasma eruptions. A class of 
such eruptions are Coronal Mass Ejections 
(CMEs). CMEs are the most powerful 
explosions happening in our solar system. 
When a really strong CME blows past the 
Earth, it can damage the electronics in our 
satellites and disrupt radio communication 
networks on Earth. A team of scientists from 
the Indian Institute of Astrophysics (IIA) 
along with their collaborators, used data from 
their radio telescopes to measure the magnetic 
field and other physical conditions of the 
plasma in a CME detected on 1 May 2016. It 
was found with the help of radio telescopes of 
IIA in Gauribidanur, Karnataka, along with 
some space-based telescopes that observed the 
Sun in extreme ultraviolet and white light and 
was caught when the base of its activity was 
just behind the visible limb of the Sun. This 

allowed the researchers to detect a much 
weaker radio emission called thermal (or 
blackbody) radiation from the plume of gas 
that was ejected in the CME. They were also 
able to measure the polarisation of this 
emission, which is indicative of the direction 
in  which the  e lec t r ic  and magnet ic 
components of the waves oscillate. Using this 
data, they then calculated the physical 
properties of the ejected plasma as well. The 

results of the study have been published in the 
journal Geophysical Research Letters.

“Though CMEs can occur anywhere on the 
Sun, it is primarily those which originate from 
regions near the centre of the visible solar 
surface (called the photosphere) like the one 
we studied that are important for us, since they 
may propagate directly towards the Earth,” 
said R. Ramesh, the lead author of the paper. 
“Radio observations of the thermal emission, 
like in our study, lets us study the CMEs right 
from the surface itself”, said A. Kumari, a co-
author. “Knowing the source region of the 
CMEs, the associated magnetic field, and 
their kinematics in the region up to seven lakh 
kilometer either above the solar surface or off 
its limb, are important to fully understand the 
characteristics of the CMEs in a holistic 
manner,” says C. Kathiravan, another co-
author of the study.

Source: PIB



DISCOVERIES & INNOVATIONS

32 The Scitech Journal Volume 08 Issue 10 October  2021

Earth and Planetary Sciences - Astrophysics

Blue stragglers formation
Analysis shows that bigger and bluer star formed when one star eats up another

Carrying out the first-ever comprehensive 
analysis of blue stragglers, a class of stars on 
open or globular clusters, researchers found 
that half of the blue stragglers in their sample 
are formed through mass transfer from a close 
binary companion star, one third are likely 
formed through collisions of 2 stars, and the 
remaining are formed through interactions of 
more than 2 stars. A bunch of stars born at the 
same time from the same cloud form a star 
cluster. As time passes, each star evolves 
differently depending on its mass. The most 
massive and bright stars evolve and move off 
the main sequence creating a bend in their 
track, known as the turnoff. Stars above this 
bend or brighter and hotter stars are not 
expected in a cluster, as they leave the main 
sequence to become red giants. But in 1953, 
Allan Sandage found that some stars seem to 
be hotter than the turnoff of the parent cluster. 
Initially, these blue stars still straggling above 
the turnoff were not part of these clusters. 
However, later studies confirmed that these 

stars are indeed cluster members, and they 
were termed “Blue Stragglers”  The only .
probable way these stars can still be present in 
these clusters is if they have somehow 
acquired extra mass along the way while on 
the  main sequence.  Confirming the 
mechanisms of the mass gain required a study 
using a large sample of blue-straggler stars 
and estimates of the mass they have gained.

Vikrant Jadhav and his PhD supervisor, 
Annapurni Subramaniam from the Indian 
Institute of Astrophysics (IIA), utilised the 

Gaia telescope launched in 2013 by the 
European Space Agency with its excellent 
positional accuracy to select the blue 
stragglers in clusters and understand how 
many such stars there are, where they are and 
how they are formed. They found that among 
the clusters they scanned, 228 have a total of 
868  b lue  s t ragglers .  This  f i r s t -ever 
comprehensive analysis of blue stragglers  is
published in the journal Monthly Notices of the 
Royal Astronomical Society. It showed that 
these stars are primarily present in the older 
and massive star clusters. And due to their 
large mass, they are segregated towards the 
centre of the clusters. The researchers 
compared the mass of the blue stragglers to the 
mass of the turnoff stars and predicted the 
formation mechanisms. The study will help 
improve understanding of these stellar 
systems to uncover exciting results in studies 
of large stellar populations, including galaxies. 

Source: PIB

Earth and Planetary Sciences - Astrophysics

Merging of three super-massive black holes discovered
Researchers discover three black holes from three galaxies merging to form a triple active galactic nucleus

Researchers have discovered three super-
massive black holes from three galaxies 
merging to form a triple active galactic 
nucleus, a compact region at the center of a 
newly discovered galaxy that has a much-
higher-than-normal luminosity. This rare 
occurrence in our nearby Universe indicates 
that small merging groups are ideal labor-
atories to detect multiple accreting super-
massive black holes and increases the poss-
ibility of detecting such rare occurrences. 
Supermassive black holes are difficult to 
detect because they do not emit any light. But 
they can reveal their presence by interacting 
with their surroundings. When the dust and 
gas from the surroundings fall onto a 
supermassive black hole, some of the mass is 
swallowed by the black hole, but some of it is 
converted into energy and emitted as 
electromagnetic radiation that makes the black 
hole appear very luminous. They are called 
active galactic nuclei (AGN) and release huge 
amounts of ionized particles and energy into 
the galaxy and its environment. Both 
ultimately contribute to the growth of the 

medium around the galaxy and ultimately the 
evolution of the galaxy itself.

A team of researchers from the Indian Institute 
of Astrophysics while studying a known 
interacting galaxy pair, NGC7733, and 
NGC7734, detected unusual emissions from 
the centre of NGC7734 and a large, bright 
clump along the northern arm of NGC7733. 
Their investigations showed that the clump is 
moving with a different velocity compared to 
the galaxy NGC7733 itself. The scientists 

meant that this clump was not a part of 
NGC7733; rather, it was a small separate 
galaxy behind the arm. They named this 
galaxy NGC7733N.  This study, published as 
a letter in the journal Astronomy and 
Astrophysics, used data from the Ultra-Violet 
Imaging Telescope (UVIT) onboard the first 
Indian space observatory ASTROSAT, the 
European integral field optical telescope 
called MUSE mounted on the Very Large 
Telescope (VLT) in Chile and infrared images 
from the optical telescope (IRSF) in South 
Africa. The UV and H-alpha images also 
supported the presence of the third galaxy by 
revealing star formation along with the tidal 
tails, which could have formed from the 
merger of NGC7733N with the larger galaxy. 
Each of the galaxies hosts an active 
supermassive black hole in their nucleus and 
hence form a very rare triple AGN system. 
Many AGN pairs have been detected in the 
past, but triple AGN are extremely rare, and 
only a handful has been detected before using 
X-ray observations. 

Source: PIB
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Synthetic muscle from microbes
Engineered microbes produce high molecular weight muscle protein, titin, which could be used for clothing

Researchers at the McKelvey School of 
Engineering at Washington University in St. 
Louis have developed a synthetic chemistry 
approach to polymerize proteins inside of 
engineered microbes. This enabled the 
microbes to produce the high molecular 
weight muscle protein, titin, which was then 
spun into fibers. Their research was published 
Aug. 30 in the journal Nature Comm-
unications. “Its production can be cheap and 
scalable. It may enable many applications that 
people had previously thought about, but with 
natural muscle fibers,” said Fuzhong Zhang, 
professor in the Department of Energy, 
Environmental & Chemical Engineering. 
Now, these applications may come to fruition 
without the need for actual animal tissues.

The synthetic muscle protein produced in 
Zhang's lab is titin, one of the three major 
protein components of muscle tissue. Critical 
to its mechanical properties is the large 
molecular size of titin. “It's the largest known 
protein in nature,” said Cameron Sargent, a 
PhD student in the Division of Biological and 

Biomedical Sciences and a first author on the 
paper along with Christopher Bowen, a recent 
PhD graduate of the Department of Energy, 
Environmental & Chemical Engineering. 
Muscle fibers have been of interest for a long 
time, Zhang said. Researchers have been 
trying to design materials with similar 
properties to muscles for various applications, 
such as in soft robotics. “We wondered, 'Why 
don't we just directly make synthetic 
muscles?'” he said. “But we're not going to 
harvest them from animals — we'll use 
microbes to do it.” To circumvent some of the 

issues that typically prevent bacteria from 
producing large proteins, the research team 
engineered bacteria to piece together smaller 
segments of the protein into ultra-high 
molecular weight polymers around two 
megadaltons in size — about 50 times the size 
of an average bacterial protein. They then used 
a wet-spinning process to convert the proteins 
into fibers that were around 10 microns in 
diameter, or a tenth the thickness of human 
hair.

Aside from fancy clothes or protective armor 
(again, the fibers are tougher than Kevlar, the 
material used in bulletproof vests), Sargent 
pointed out that this material has many 
potential biomedical applications as well. 
Because it's nearly identical to the proteins 
found in muscle tissue, this synthetic material 
is presumably biocompatible and could 
therefore be a great material for sutures, tissue 
engineering and so on.

Source: Washington University in St. Louis 
news release

Engineering Sciences - Biomedical Engineering

Plant virus could protect lungs metastasis
Nanoparticles engineered from the cowpea mosaic virus have shown efficacy in treating metastatic cancers 

Using a virus that grows in black-eyed pea 
plants, nanoengineers at the University of 
California San Diego developed a new 
treatment that could keep metastatic cancers at 
bay from the lungs. The research was 
published in the journal Advanced Science. 
The approach involves a bodily injection of a 
plant virus called the cowpea mosaic virus.  
The idea is to use the plant virus to help the 
body's immune system recognize and destroy 
cancer cells in the lungs. The virus itself is not 
infectious in our bodies, but it has all these 
danger signals that alarm immune cells to go 
into attack mode and search for a pathogen, 
said Nicole Steinmetz, professor of nano-
engineering at UC San Diego and director of 
the university's Center for Nano-Immuno-
Engineering.

To draw this immune response to lung tumors, 
Steinmetz's lab engineered nanoparticles 
made from the cowpea mosaic virus to target a 
protein in the lungs. The protein, called 
S100A9, is expressed and secreted by immune 
cells that help fight infection in the lungs. And 

there is another reason that motivated 
Steinmetz's team to target this protein: 
overexpression of S100A9 has been observed 
to play a role in tumor growth and spread. 
“Because these nanoparticles tend to localize 
in the lungs, they can change the tumor 
microenvironment there to become more 
adept at fighting off cancer—not just 
established tumors, but future tumors as 
well,” said Eric Chung, a bioengineering 
Ph.D. student in Steinmetz's lab who is one of 
the co-first authors on the paper.

The researchers performed both prevention 
and treatment studies. In the prevention 
studies, they first injected the plant virus 
nanoparticles into the bloodstreams of healthy 
mice, and then later injected either triple 
negative breast cancer or melanoma cells in 
these mice. Treated mice showed a dramatic 
reduction in the cancers spreading to their 
lungs compared to untreated mice. In the 
treatment studies, the researchers administered 
the nanoparticles to mice with metastatic 
tumor in their lungs. These mice exhibited 
smaller lung tumors and survived longer than 
untreated mice. What's remarkable about these 
results, the researchers point out, is that they 
show efficacy against extremely aggressive 
cancer cell lines. “So, any change in survival or 
lung metastasis is pretty striking,” said Chung. 
“And the fact that we get the level of 
prevention that we do is really, really 
amazing.”

Source: University of California San Diego 
news release
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Diabetic wound healing by hydrogel
Hydrogel that delivers oxygen to a wound helps remodel tissue, and accelerates healing

Jianjun Guan, a professor of mechanical 
engineering & materials science in the 
McKelvey School of Engineering at 
Washington University in St. Louis, has 
developed a hydrogel that delivers oxygen to a 
wound, which decreases inflammation, helps 
remodel tissue and accelerates healing. 
Results of the work, which were in a mouse 
model, are published in the journal Science 
Advances. Ya Guan, a doctoral student, and 
Hong Niu, a postdoctoral research associate, 
both in Guan's lab, are co-first authors.

“The oxygen has two roles: one, to improve 
skin cell survival under the low-oxygen 
condition of the diabetic wound; and two, 
oxygen can stimulate the skin cells to produce 
growth factors necessary for wound repair,” 
Guan said. Tissues in the body require oxygen 
to survive and need even more when tissue is 
injured. While there are several existing 
treatments for chronic wounds in people with 
diabetes, the most common treatment is 
dozens of sessions in a hyperbaric oxygen 
chamber, but its effectiveness is inconsistent 

and includes the risk of oxygen toxicity.

Guan's hydrogel delivers oxygen to the 
wound using microspheres that gradually 
release oxygen to interact with the cells 
through an enzyme on their surface that 
converts what is inside of the microsphere 
into oxygen. The oxygen is delivered to the 
wound over about a two-week period, and 
inflammation and swelling decrease, prom-
pting healing. In the mice, wounds treated 
with the hydrogel containing the oxygen-
releasing microspheres had a greater rate of 
closure than wounds treated with only the gel 
or those with no treatment. By day 16, the 
wounds treated with the hydrogel had reduced 

to 10.7%. Those treated with the gel only were 
reduced to 30.4%, and those with no treatment 
had reduced to 52.2%.   In addition, the 
wounds treated with the hydrogel containing 
the oxygen-releasing microspheres had the 
thickest epidermis on day 8, but the thinnest by 
day 16, indicating the wound was healing and 
inflammation was reduced.  

 “The gel is a liquid before we put it into the 
skin tissue, so it is easy to mix in the 
microspheres,” he said. “Once we put the 
mixture of the gel and the microspheres into 
the wound, it becomes a solid because it is 
temperature-sensitive — at lower temp-
eratures it is a liquid, and at body temperature 
it's a solid. This represents a new therapeutic 
approach to accelerating healing of chronic 
diabetic wounds without drugs,” Guan said. 

Source: Washington University in St. Louis 
news release

Engineering Sciences - Chemical Engineering

Clean hydrogen fuel from 'sewer gas'
The process involves adding the element molybdenum to break the gas into separate elements

Scientists have found a new chemical process 
to turn a stinky, toxic gas into a clean-burning 
fuel. The process, detailed recently in the 
American Chemical Society journal ACS 
Sustainable Chemical Engineering, turns 
hydrogen sulfide – more commonly called 
“sewer gas” – into hydrogen fuel. Hydrogen 
sulfide is emitted from manure piles and sewer 
pipes and is a key byproduct of industrial 
activities including refining oil and gas, 
producing paper and mining. The process 
detailed in this study uses relatively little 
energy and a relatively cheap material – the 
chemical iron sulfide with a trace amount of 
molybdenum as an additive.

In addition to smelling like rotten eggs, 
hydrogen sulfide is highly toxic, corroding 
pipes and harming the health of people who 
encounter it. “Hydrogen sulfide is one of the 
most harmful gases in industry and to the 
environment,” said Lang Qin, a co-author on 
the study and a research associate in chemical 
and biomolecular engineering at The Ohio 
State University. “And because the gas is so 

harmful, a number of researchers want to turn 
hydrogen sulfide into something that is not so 
harmful, preferably valuable.”

The team first used chemical looping on coal 
and shale gas to convert fossil fuels into 
electricity without emitting carbon dioxide 
into the atmosphere. The initial process used 
iron oxide to break down the fossil fuels. The 
researchers later applied the concept to 
hydrogen sulfide and invented the SULGEN 
process, which converts hydrogen sulfide into 
hydrogen. The researchers found that the pure 
chemical, iron sulfide, didn't perform well at 

the large scales needed for industrial use, Qin 
said. The research team has been trying to 
identify other inexpensive chemicals that 
could catalyze that transformation in higher 
quantities. This study shows that introducing a 
trace amount of molybdenum into iron sulfide 
might be an attractive option. That material is 
relatively inexpensive and easy to acquire, 
making it an attractive option for larger-scale 
operations. Transforming this toxic gas into 
hydrogen fuel creates an alternative oil and 
gas, which are major contributors to climate 
change, the researchers said.

For this most recent study, the researchers 
found that molybdenum improves the 
breakdown of hydrogen sulfide, splitting it into 
two parts – hydrogen fuel and sulfur. This work 
is early in the scientific process – the 
researchers showed that the process worked in 
the lab; tests at the industrial level are 
forthcoming.

Source: Ohio State University news release
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Valuable chemicals from plant material
A bioprocess using engineered yeast that completely convert plant matter into high value bioproducts

A team of scientists at the University of 
Illinois Urbana-Champaign developed a 
bioprocess using engineered yeast that 
completely and efficiently converted plant 
matter consisting of acetate and xylose into 
high-value bioproducts. In a paper published 
in Nature Communications,  the team 
described its work, which offers a viable 
method for overcoming one of the major 
hurdles impeding the commercialization of 
lignocellulosic biofuels – the toxicity of 
acetate to fermenting microbes such as yeast. 
“This is the first approach to demonstrate the 
efficient and complete utilization of xylose 
and acetate for the production of biofuel,” said 
food science and human nutrition professor 
Yong-Su Jin. An affiliate of the Carl R. Woese 
Institute for Genomic Biology, Jin led the 
research with then-graduate student Liang 
Sun, the first author of the paper.

Their methodology fully utilized the xylose 
and acetate from the cell walls of switchgrass, 
transforming the acetate from an unwanted 
byproduct into a valuable substrate that 
boosted the yeast's efficiency at converting 
the sugars in the hydrosolates. “We figured out 

that we can use what's been considered a 
toxic, useless substance as a supplementary 
carbon source with xylose to economically 
produce fine chemicals” such as triacetic acid 
lactone, or TAL, and vitamin A, which are 
derived from the same precursor molecule, 
acetyl coenzyme A, Jin said.

TAL is a versatile platform chemical 
currently obtained by refining petroleum and 
is used to produce plastics and food ingre-
dients, said Sun, currently a postdoctoral 
student at the University of Wisconsin, 
Madison. In the current study, they used 
switchgrass harvested at the U. of I. Energy 
Farm to create hemicellulose hydrolysates. 
The engineered yeast cells were used to 
ferment the glucose, xylose and acetate in the 
hydrosalates. When glucose and acetate were 
provided together,  rapidly S. cerevisiae
converted the glucose into ethanol, decr-
easing the pH level of the cell culture. 
However, acetate consumption was strongly 
inhibited, causing the culture to become toxic 
to the yeast cells under low pH conditions. 
When xylose was provided with acetate, 

“these two carbon sources formed synergies 
that promoted efficient metabolism of both 
compounds,” Sun said. “Xylose supported cell 
growth and supplied sufficient energy for 
acetate assimilation. Therefore, the yeast 
could metabolize acetate as a substrate very 
efficiently to produce a lot of TAL.” At the 
same time, the pH level of the media increased 
as the acetate was metabolized, which in turn 
promoted the yeast's consumption of the 
xylose, Sun said. “By co-utilizing xylose and 
acetate as carbon sources, we were able to 
improve TAL production dramatically – 14 
times greater production than previously 
reported using engineered ,” Sun S. cerevisiae
said. “We employed this strategy for the 
production of vitamin A as well, demo-
nstrating its potential for overproducing other 
high-value bioproducts derived from acetyl-
CoA, such as steroids and flavonoids.”

Source: University of Illinois Urbana-
Champaign news release

Engineering Sciences - Electrical Engineering

Avoiding sudden power shutdowns
A new technique making it easier to monitor levels of pollution deposits in power transmission networks.

Indian Institute of Technology (IIT)-Madras 
researchers have developed a new technique 
that promises to help avoid sudden power 
shutdowns by making it easier to monitor 
levels of pollution deposits in power 
transmission networks. The reliability of 
electric power systems largely depends on the 
performance of the electrical insulation. But, 
the outdoor insulation on the transmission 
lines and the substation equipment are 
subjected to environmental pollution, in 
addition to the electrical, thermal, and 
mechanical stresses. The pollution-related 
electrical flashover can lead to blackouts and 
the collapse of the system. Cleaning the 
polluted insulator under the working 
condition is the only fool-proof way of 
resolving the problem. However, due to the 
high operating voltages and huge spatial span 
of the electrical transmission system, it would 

be better if the level of pollution deposition 
and the type of pollutant are known before 
undertaking any exercise to clean them. The 
team of researchers at IIT-Madras led by Prof. 
R. Sarathi of the Department of Electrical 
Engineering, IIT Madras, and Prof. N.J. Vasa 
of the Department of Engineering Design has 
developed a new method that can measure the 
contents and thickness of the deposits 
remotely. With the new technique, one would 
have to just shine a laser beam on the 
insulators and identify the constituents of 
pollution deposition. Presently, the beam can 
be shone from a distance of even up to 40 
metres. The researchers are working to 
finetune it further to extend this distance to up 
to 100 m. This would enable assessing the 
pollution layer on transmission line insulators 
either from the ground or from a drone.

The scientists noted that there will be no more 

be need to interrupt power transmission nor for 
anyone to climb the tower. “The technique is 
simple and reliable. It can provide accurate 
results within no time. The entire length of the 
transmission line could be monitored 
effectively for its condition on pollution 
deposit level in a short time”, they said. The 
team is planning to approach National Thermal 
Power Corporation, Power Grid and other 
utilities to demonstrate this technology and its 
use in the real power system network. The 
researchers have published a report on their 
study in the journal `IOP-Measurement 
Science and Technology. The work was 
financially supported under the National 
Perspective Plan of the Ministry of Power, 
Government of India through Central Power 
Research Institute (CPRI), Bengaluru.

Source: India Science Wire
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Nanotube fibers generate power from heat
Carbon nanotubes aligned as fibers and sewn into fabrics become a thermoelectric generator 

The Rice University lab of physicist Junichiro 
Kono led an effort with scientists at Tokyo 
Metropolitan University and the Rice-based 
Carbon Hub to make custom nanotube fibers 
and test their potential for large-scale 
applications. Their small-scale experiments 
led to a fiber-enhanced, flexible cotton fabric 
that turned heat into enough energy to power 
an LED. With further development, they say 
such materials could become building blocks 
for fiber and textile electronics and energy 
harvesting. The same nanotube fibers could 
also be used as heat sinks to actively cool 
sensitive electronics with high efficiency. A 
paper about the project appears in Nature 
Communications. The effect seems simple: If 
one side of a thermoelectric material is hotter 
than the other, it produces energy. The heat can 
come from the sun or other devices like the 
hotplates used in the fabric experiment. 
Conversely, adding energy can prompt the 
material to cool the hotter side. Until now, no 
macroscopic assemblies of nanomaterials 
have displayed the necessary “giant power 
factor,” about 14 milliwatts per meter kelvin 
squared, that the Rice researchers measured in 

carbon nanotube fibers.

“The power factor tells you how much power 
density you can get out of a material upon 
certain temperature difference and temp-
erature gradient,” said Rice graduate student 
Natsumi Komatsu, lead author of the paper. 
She noted a material's power factor is a 
combined effect  f rom i ts  e lec t r ica l 
conductivity and what's known as the Seebeck 
coefficient, a measure of its ability to translate 
thermal differences into electricity. “The 
ultrahigh electrical conductivity of this fiber 
was one of the key attributes,” Komatsu said.

The source of this superpower also relates to 

tuning the nanotubes' inherent Fermi energy, a 
property that determines electrochemical 
potential. The researchers were able to control 
the Fermi energy by chemically doping the 
nanotubes made into fibers by the Rice lab of 
co-author and chemical and biomolecular 
engineer Matteo Pasquali, allowing them to 
tune the fibers' electronic properties. While the 
fibers they tested were cut into centimeter 
lengths, Komatsu said there's no reason 
devices can't make use of the excellent 
nanotube fibers from the Pasquali lab that are 
spooled in continuous lengths. “Carbon 
nanotube fibers have been on a steady growth 
path and are proving advantageous in more 
and more applications,” he said. “Rather than 
wasting carbon by burning it into carbon 
dioxide, we can fix it as useful materials that 
have further environmental benefits in 
electricity generation and transportation.”

Source: Rice University news release

Engineering Sciences - Materials Engineering

Better energy storage devices
New material that promises to improve the efficiency of electrodes used in supercapacitors

A group of researchers from the Indian 
Institute of Technology (IIT)-Guwahati and 
the Bhabha Atomic Research Centre (BARC), 
Mumbai has developed a new material that 
promises to improve the efficiency of 
electrodes used in supercapacitor devices. The 
researchers have shown that supercapacitors 
based on electrodes made with the new 
material can be repeatedly charged and 
discharged over 10,000 times, with only 
minimal performance degradation, as 
compared to conventional batteries that 
typically wear out within 300-500 charging-
discharging cycles. They could also be 
charged in seconds to their full capacity and 
store as much energy as 30 Wh (Watt hour) per 
kilogram of the materials. It further delivered 
the energy at a very fast rate. The delivery of 
energy is presented in terms of power density. 
The supercapacitors achieved the highest 
power density of 1.13 kW per kg of electrode 

material which is almost twice the power 
offered by current Li-ion batteries.

Speaking to India Science Wire, the scientists 
said the supercapacitors can be engineered to 
be compact enough to fit the extremely tight 
spaces of modern portable electronic 
equipment.

In Supercapacitors two electrodes (anode and 
cathode) are immersed in an electrolyte 
solution, and energy is stored by charge 
accumulation on the electrode surfaces. 
Atomic-thin nanosheets are considered the 
best choice for supercapacitor electrodes as 
they can offer a large area to store charge. 
However, integrating the microscopic ultra-
small nanosheets into a usable macroscopic 
scale electrode is highly challenging.

The researchers have developed their 
hydrogels electrodes by a simple room-
temperature process in which graphene and 

MXene nanosheets spontaneously assemble 
themselves over a metal plate within a water 
medium. Graphene sheets, which are made of 
single-atom carbon, store the charge on their 
surface via physical adsorption, known as 
electrical double layer mechanism (EDLC), 
while MXene sheets, made of titanium 
carbide, store the charge via both EDLC and a 
chemical reaction on its surface, known as 
pseudo-capacitance.

The study was led by Dr Uday Narayan Maiti, 
and Prof. Subhradip Ghosh of IIT Guwahati, 
and Dr N. Padma of Bhabha Atomic Research 
Centre (BARC), Mumbai, under a project of 
the Department of Atomic Energy's Board of 
Research in Nuclear Science (BRNS). The 
scientists have published a report on their work 
in scientific journals “Electrochimica Acta” 
and “Carbon”.

(Source: India Science Wire)
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Boosting energy efficiency of wireless networks
The algorithm identifies the right amount of power level, enhancing the energy efficiency 

A team of researchers from the Indian Institute 
of Technology (IIT) Bombay and Monash 
University, Australia, has developed a new 
algorithm that identifies the right amount of 
power level, enhancing the energy efficiency 
of a Radio Frequency (RF)-energy harvesting 
network. The algorithm uses a statistical tool 
called the multi-armed bandit method that 
does not depend on channel state information 
parameters, and the source identifies the 
optimal power output, IIT Bombay statement 
said. The performance results of the algorithm 
are presented in the journal IEEE Wireless 
Communications Letters. “An actual trans-
mission system is a complex network with 
several receivers spread over a region 
receiving different amounts of energy for 
harvesting. Also, they will require different 
amounts  of  energy for  successful ly 
transmitting the information,” says Prof 
Manjesh Hanawal, lead author of the study. As 
the environment is uncertain, reinforcing the 
algorithms with sequential decision making 

can quickly ascertain the status of the 
harvested energy, thereby improving the 
system's energy efficiency, he adds. 

The team used a sequential optimisation 
method in the algorithm called the Multi-
Armed Bandit technique that relies only on 
detecting if a receiver's feedback signal was 
successfully decoded or not (a yes-no status).  
The source selects a power level in the 
harvesting network to transmit energy at a 
given time slot. The nodes harvest this energy, 
and using this energy, they send back 
information to the 3 sources. If the nodes 

could harvest enough energy, they will be able 
to transfer the information higher than a 
certain rate; otherwise, no information transfer 
will occur. “The rate at which nodes could 
transmit the information is treated as the 
reward and is directly coupled with the amount 
of energy harvested,” explains Ms Debamita 
Ghosh, first author of the study. The team 
considered the rate of information per unit of 
power, i.e. bits/second/Joules, instead of the 
rate of information from the nodes. The source 
selects the transmit power in each time slot to 
transmit energy such that it receives the 
maximum possible bits at the source per unit of 
power spent. Also, the algorithm estimates an 
upper limit of the mean of the total rate of 
information per unit power for each power 
level and uses the power level with the highest 
estimated bound level. Thus, though there are 
few initial losses for not playing the best power 
level, overall, the accumulated losses are 
minimised due to the sequential learning. 

Source: India Science Wire

Engineering Sciences - Nanotechnology

Potential therapeutic strategy for Visceral Leishmaniasis
New method can enhance oral bioavailability and efficacy of therapy against the neglected tropical disease

Researchers have developed a non-invasive, 
easy to administer, cost-effective, and patient 
compliant potential therapeutic strategy 
against Visceral Leishmaniasis, a neglected 
tropical disease. Their strategy based on nano 
carrier-based oral drugs coated with Vitamin 
B enhanced oral bioavailability and efficacy 12 

of the therapy by more than 90%. Visceral 
Leishmaniasis (VL) is a complex infectious 
disease transmitted by the bite of female 
Phlebotomine sandflies. It is a neglected 
tropical disease that affects millions annually, 
making it the second most common parasitic 
killer after malaria. The conventional 
treatment therapy of VL mainly involves 
painful intravenous administration, which 
imposes many treatment complications, 
including prolonged hospitalization, high 
cost, and high risk of infection. Oral drug 
delivery brings forth massive advantages that 
can help overcome these barriers. But with 
oral routes, there are other challenges as more 
than 90% of orally administered therapeutic 
drugs have less than 2% bioavailability and 
potentially high hepatic and renal toxic side 

effects.

A team led by Dr. Shyam Lal from the Institute 
of Nano Science and Technology (INST), an 
autonomous institute of the Department of 
Science and Technology (DST), GoI has 
developed a smart and intelligent nanocarrier 
utilizing the natural intrinsic Vitamin B12 

pathway present in human body that can 
mitigate stability challenges and drug-
associated toxicity. They have disguised the 
toxic but highly efficient drug of the disease 
within a biocompatible lipid nanocarrier 
shielding it from degradation in the hostile 
gastric environment, thus overcoming the 
gastrointestinal enzymatic barriers endured 
by any foreign synthetic drug molecule. This 
minimized its side effects, while the natural 
intrinsic Vitamin B pathway enhanced the 12 

oral bioavailability and antileishmanial 
therapeutic efficacy by more than 90%, as 
shown in the associated animal studies. The 
research was supported under the DST-SERB 
Early Career Research Award and published in 
Materials Science & Engineering C'.

The INST team critically evaluated the 
efficacy and properties of Vitamin B (VB ) 12 12

coated solid lipid nanoparticles and their 
subsequent potential ramification in evading 
cytotoxicity and escalating stability. They 
conceptualized an innate immune defence 
mechanism to enhance the physicochemical 
properties of orally administered nano-
particles, which can easily navigate through 
the gastrointestinal tract without being washed 
away by naturally present mucus barrier. 
Anchoring Vitamin B  on the surface of solid 12

lipid nanoparticles augmented the stability and 
targeted delivery of the poorly soluble drugs 
and also enhanced the therapeutic efficiency 
with reduced risks of off-target actions. The 
research showed that Vitamin B  being an 12

essential lifesaving micronutrient, which plays 
a pivotal role in the body by modulating the 
toxic side effects associated with the most 
neglected tropical disease, also works as an 
innovative and beneficial supplement for its 
treatment and prevention. 

Source: PIB
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Better breast cancer drugs
Researchers have identified the mechanism by which breast cancer cells proliferate and spread

In a study that could help design better drugs 
for breast cancer, researchers at the Indian 
Institute of Science Education and Research 
( I I S E R)-Bhopal  have ident i f ied the 
mechanism by which breast cancer cells 
proliferate and spread. The team studied the 
regulation of a gene called 'ESRP1' in breast 
cancer. They found that there is a difference in 
the expression of the ESRP1 gene between 
normal and tumour tissues of breast cancer 
patients. The gene was expressed more in 
breast tumour tissues than normal tissues. 
They then explored the regulatory mechanism 
behind this. The expression of a gene goes 
through many steps, the first of which is 
transcription. The 'message' encoded in the 
DNA of the gene is transcribed into RNA 
signals by proteins called transcription 
factors. The team found that in tumour tissues, 
a transcription factor called E2F1 that 
regulates transcription of ESRP1 gets up-
regulated, thereby increasing its expression 
and eventually leading to excessive growth of 
breast cancer cells. The team also found the 

mechanistic aspects of cancer spread to other 
parts of the body or what is technically called 
metastasis. Cancerous tumors create regions 
of reduced oxygen due to poor blood 
circulation. It has been known that such 
oxygen-deprived regions instigate metastasis. 
The IISER researchers have unraveled the 
mechanism behind this also. They have 
shown that the transcription factor E2F1 fails 
to bind the ESRP1 promoter in oxygen-
deprived breast cancer cells, thereby 
downregulating the expression of ESRP1. 
This downregulation may cause the cancerous 
cells to break free from primary cancer and 
join the bloodstream to be carried to other 
parts of the body, thereby resulting in 
metastasis.

The study was led by Dr. Sanjeev Shukla, 
Associate Professor, and DBT/Wellcome 
Trust India Alliance Fellow in the Department 
of Biological Sciences at IISER-Bhopal.  
Speaking to India Science Wire, Dr. Shukla 
said, “Our research, for the first time, shows 

the reason behind an elevated expression of a 
key gene, ESRP1, in breast tumor tissue 
supporting tumor progression. Another 
important part of the discovery was a novel 
epigenetic regulatory mechanism that governs 
ESRP1 downregulation in hypoxic tumor 
tissue, which might help the cancer cells to 
evade the surrounding tissue and enter the 
bloodstream. Clearly, there is an orchestrated 
activation of ESRP1 in breast cancer, 
depending on the tumour microenvironment. 
Under regular oxygen conditions, cancer cells 
upregulate ESRP1 to help them multiply in the 
primary cancerous zone, but under oxygen 
deficiency, ESRP1 is downregulated, leading 
to the break-up of the cancer cells from the 
primary region and spread to other parts of the 
body. Understanding this orchestration of 
ESRP1 by breast cancer cells can help in 
devising strategic therapeutic interventions, 
which the IISER team continues to work 
towards”. The work has been published in the 
journal Oncogenesis. 

Source: India Science Wire

Medical Sciences - Dental Medicine

Smart dental implants
Researchers develop a smart dental implant that resists bacterial growth and generates its own electricity

Often dental implants require replacement in 
five to 10 years due to local inflammation or 
gum disease, necessitating a repeat of a costly 
and invasive procedure for patients. “We 
wanted to address this issue, and so we came 
up with an innovative new implant,” says 
Geelsu Hwang, an assistant professor in 
Penn's School of Dental Medicine. The novel 
imp lan t  wou ld  imp lemen t  two  key 
technologies, Hwang says. One is a nano-
particle-infused material that resists bacterial 
colonization. And the second is an embedded 
light source to conduct phototherapy, powered 
by the natural motions of the mouth, such as 
chewing or tooth brushing. In a paper in the 
journal ACS Applied Materials & Interfaces 
and a 2020 paper in the journal Advanced 
Healthcare Materials, Hwang and colleagues 
lay out their platform, which could one day be 
integrated not only into dental implants but 
other technologies, such as joint replac-
ements, as well. “We are using a piezoelectric 
material, which can generate electrical power 
from natural oral motions to supply a light that 

can conduct phototherapy, and we find that it 
can successfully protect gingival tissue from 
bacterial challenge.”

The material the researchers explored was 
barium titanate (BTO), which has piezo-
electric properties. To test its potential as the 
foundation for a dental implant, the team first 
used discs embedded with nanoparticles of 
BTO and exposed them to Streptococcus 
mutans, a primary component of the bacterial 

biofilm responsible for tooth decay commonly 
known as dental plaque. They found that the 
discs resisted biofilm formation in a dose-
dependent manner. Discs with higher 
concentrations of BTO were better at 
preventing biofilms from binding. The 
material generates enhanced negative surface 
charge that repels the negatively charged cell 
walls of bacteria. It's likely that this repulsion 
effect would be long-lasting, the researchers 
say. The power-generating property of the 
material was sustained and in tests over time 
the material did not leach. It also demonstrated 
a level of mechanical strength comparable to 
other materials used in dental applications. 
Finally, the material did not harm normal 
gingival tissue in the researchers' experiments, 
supporting the idea that this could be used 
without ill effect in the mouth.

Source: University of Pennsylvania news 
release
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Brain organoids with complex neural activity
3D brain-like structures grown from human stem cells that show organized waves of activity 

Researchers at the Eli and Edythe Broad 
Center of Regenerative Medicine and Stem 
Cell Research at UCLA have developed brain 
organoids — 3D brain-like structures grown 
from human stem cells — that show organized 
waves of activity similar to those found in 
living human brains. The study was published 
in the journal Nature Neuroscience.

“This work demonstrates that we can make 
organoids that resemble real human brain 
tissue and can be used to accurately replicate 
certain features of human brain function and 
disease,” said Bennett Novitch, a member of 
the Broad Stem Cell Research Center and 
senior author of the study. Creating an human 
brain organoid that mimics the organ's 
structural complexity is particularly 
challenging.  The cells also must connect with 
one another and function like neurons would 
in a human brain. Healthy human brain cells 
not only send electrical signals throughout the 
brain in response to stimuli, but also have 
coordinated waves of activity called neural 
oscillations or brainwaves. Distinct patterns 

of brainwaves are associated with specific 
activities — learning or sleeping, for example 
— and abnormalities in these patterns can be 
an indication of disease.

After producing a batch of brain organoids 
derived from the skin cells of healthy people, 
Novitch, Samarasinghe and colleagues at the 
UCLA Intellectual and Developmental 
Disabilities Research Center used two 
different approaches to study the patterns of 
electrical activity inside them — one involved 
inserting a probe into each organoid to 
measure brain activity, the other watching the 
brain cells in action under a microscope. 
Some of the information they gathered was 
akin to the data scientists would normally find 
in brain scans called electroencephalograms, 
or EEGs. The analysis showed multiple kinds 
of neural oscillations. Next, the team 
developed brain organoids using cells from 
people with Rett syndrome, a genetic disorder 
associated with learning delays, repetitive 
movements and seizures. While the organoids 
appeared normal in structure and orga-

nization, their neural oscillations were 
abnormal: They lacked the variety of 
oscillations demonstrated in the non-Rett 
organoids. Instead, the Rett organoids had fast, 
disorganized activity like what clinicians see 
in EEGs of people with Rett syndrome and 
related disorders. When Novitch and 
Samarasinghe treated the Rett organoids with 
an experimental drug called Pifithrin-alpha, 
the seizure-associated activity patterns 
disappeared, and the organoids' neural activity 
became more normal. The use of organoids to 
study brain disorders will remain limited 
because organoids don't replicate every aspect 
of a human brain — they lack blood vessels, 
for instance — and they resemble brains in 
early development rather than adult brains. 
But the UCLA study suggests that they could 
nevertheless be used to test a wide range of 
brain functions, disorders and drugs that 
couldn't be studied with brain cells in a Petri 
dish.

Source: UCLA news release

Medical Sciences - Neuroscience

Cholesterol drives Alzheimer's plaque formation
Study indicates that cholesterol produced in the brain appears to play a key role in Alzheimer's disease

Scientists from the University of Virginia 
School of Medicine and their collaborators 
found that cholesterol produced by cells called 
astrocytes is required for controlling the 
production of amyloid beta, a sticky protein 
that builds up in the brains of patients with 
Alzheimer's. The protein accumulates into 
insoluble plaques that are a hallmark of the 
disease. Many efforts have targeted these 
plaques in the hope that removing or 
preventing them could treat or prevent 
Alzheimer's. The findings, published in the 
scientific journal PNAS, offer important 
insights into how and why the plaques form 
and may explain why genes associated with 
cholesterol have been linked to increased risk 
for Alzheimer's. The results also provide 
scientists with important direction as they 
seek to prevent Alzheimer's. “This study helps 
us to understand why genes linked to 
cholesterol are so important to the devel-
opment of Alzheimer's disease,” said 
researcher Dr. Heather A. Ferris of UVA 
Health's Division of Endocrinology and 

Metabolism. “Our data point  to the 
importance of focusing on the production of 
cholesterol in astrocytes and the transport to 
neurons as a way to reduce amyloid beta and 
prevent plaques from ever being formed.”

While cholesterol is often associated with 
clogged arteries and heart disease, it plays 
important roles in the healthy body. The body 
makes cholesterol naturally so it can produce 
hormones and carry out other important 
functions. The new discovery from Ferris and 
her collaborators adds a new entry to 
cholesterol's list of responsibilities.

The scientists found that astrocytes help drive 
the progression of Alzheimer's by making and 
distributing cholesterol to brain cells called 
neurons. This cholesterol buildup increases 
amyloid beta production and, in turn, fuels 
plaque accumulation.  Normally, cholesterol is 
kept quite low in neurons, limiting the buildup 
of amyloid beta. But in Alzheimer's, the 
neurons lose their ability to regulate amyloid 
beta, and the result is plaque formation. 
Blocking the  as t rocytes '  choles terol 
manufacturing “robustly” decreased amyloid 
beta production in lab mice, the researchers 
report in a new scientific paper. It's too soon to 
say if this could be mimicked in people to 
prevent plaque formation, but the researchers 
believe that further research is likely to yield 
important insights that will benefit the battle 
against Alzheimer's. Additional research into 
the discovery could shed light on how to 
prevent the over-production of amyloid beta as 
a strategy against Alzheimer's, the researchers 
believe. 

Source: University of Virginia news release
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Neurons in visual cortex of the brain 'drift' over time
Neurons in the part of the brain that processes visual stimuli change their responses to the same stimulus over time

New research from Washington University in 
St. Louis reveals that neurons in the visual 
cortex change their responses to the same 
stimulus over time. Although other studies 
have documented “representational drift” in 
neurons in the parts of the brain associated 
with odor and spatial memory, this result is 
surprising because neural activity in the 
primary visual cortex is thought to be 
relatively stable. The study published in 
Nature Communications was led by Ji Xia, a 
recent PhD graduate of the laboratory of Ralf 
Wessel, professor of physics in Arts & 
Sciences. Xia is now a postdoctoral fellow at 
Columbia University. “We know that the brain 
is a flexible structure because we expect the 
neural activity in the brain to change over days 
when we learn, or when we gain experience — 
even as adults,” Xia said. “What is somewhat 
unexpected is that even when there is no 
learning, or no experience changes, neural 
activity still changes across days in different 
brain areas.”

Study co-senior author Michael J. Goard, 

from the Neuroscience Research Institute at 
the University of California, Santa Barbara, 
showed mice a single, short movie clip on a 
loop. (They used a section of the opening from 
a classic Orson Welles black-and-white film, 
de rigueur for today's mouse vision studies.) 
While  a  mouse watched the movie, 
researchers simultaneously recorded activity 
in several hundred neurons in the primary 
visual cortex, using two-photon calcium 
imaging. The scientists repeated the viewing 
sessions weekly for up to seven weeks, 
recording the activity of the same neurons in 
the same mice as they watched the loop of the 
same 30-second movie clip. Then the 
physicists at Washington University parsed 

the data from the movie-watching mice, using 
new computational approaches to analyze the 
changes in neuronal population activity over 
time.

The researchers discovered that single-neuron 
responses to natural movies are unstable 
across weeks. In other words, individual 
neurons did not respond the same way to the 
visual stimuli — what was happening on the 
screen at the exact same moment in the film — 
when the mouse watched the film one week as 
compared with another week.  In this 
particular study, the Washington University 
physicists were able to develop a way to 
decode the response to the visual stimuli 
across weeks if they factored in the population 
activity all of the neurons tracked for a given 
mouse — they just couldn't do it using 
individual neurons alone.

Source: Washington University in St. Louis 
news release
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Eyes to predict risk of Alzheimer's disease
Protein deposits in retina and brain appear to parallel possible neurodegeneration

Amyloid plaques are protein deposits that 
collect between brain cells, hindering function 
and eventually leading to neuronal death. 
They are considered a hallmark of Alzheimer's 
disease (AD), and the focus of multiple 
investigations designed to reduce or prevent 
their formation, including the nationwide A4 
study. But amyloid deposits may also occur in 
the retina of the eye, often in patients clinically 
diagnosed with AD, suggesting similar 
pathologies in both organs. In a small, cross-
sectional study, a team of researchers, led by 
scientists at University of California San 
Diego School of Medicine, compared tests of 
retinal and brain amyloids in patients from the 
A4 study and another study (Longitudinal 
Evaluation of Amyloid Risk and Neuro-
degeneration) assessing neuro-degeneration 
risk in persons with low levels of amyloid.

Like the proverbial “windows to the soul,” the 
researchers observed that the presence of 
retinal spots in the eyes correlated with brain 
scans showing higher levels of cerebral 

amyloid. The finding suggests that non-
invasive retinal imaging may be useful as a 
biomarker for detecting early-stage AD risk. 
The findings published in the Journal 
Alzheimer's & Dementia.

“This was a small initial dataset from the 
screening visit. It involved eight patients,” 
said senior author Robert Rissman, PhD, 
professor of neurosciences at UC San Diego 
School of Medicine and director of the 
Biomarker Core for the Alzheimer's Disease 
Cooperative Study and the Shiley-Marcos 
Alzheimer's Disease Research Center at UC 

San Diego.  “But  these  f ind ings  a re 
encouraging because they suggest it may be 
possible to determine the onset, spread and 
morphology of AD — a preclinical diagnosis 
— using retinal imaging, rather than more 
difficult and costly brain scans. We look 
forward to seeing the results of additional 
timepoint retinal scans and the impact of 
solanezumab (a monoclonal antibody) on 
retinal imaging. Unfortunately, we will need to 
wait to see and analyze these data when the A4 
trial is completed.” The next step, said 
Rissman, will be to conduct a larger study to 
more fully document and ascertain the 
relationship between retinal amyloid and 
cerebral amyloid, both cross-sectionally and 
over time.

Source: University of California San Diego 
news release
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Propelling quantum technologies by light-matter interactions 
The breakthrough is important for the field of cavity quantum electrodynamics (QED)

There is no doubt that we are moving steadily 
toward an era of technologies based on 
quantum physics. But to get there, we first 
have to master the ability to make light 
interact with matter – or more technically, 
photons with atoms. This has already been 
achieved to some degree, giving us the 
cutting-edge field of cavity quantum 
electrodynamics (QED), which is already 
used in quantum networks and quantum 
information processing. Nonetheless, there 
are still a long way to go. Current light-matter 
interactions are limited to individual atoms, 
which limits our ability to study them in the 
sort of complex systems involved in quantum-
based technologies. In a paper published in 
Nature, researchers from the group of Jean-
Philippe Brantut at EPFL's School of Basic 
Sciences have found a way to get photons to 
'mix' with pairs of atoms at ultra-low 
temperatures.

The researchers used what is known as a 
Fermi gas, a state of matter made of atoms that 

resembles that of electrons in materials. “In 
the absence of photons, the gas can be 
prepared in a state where atoms interact very 
strongly with each other, forming loosely 
bound pairs,” explains Brantut. “As light is 
sent onto the gas, some of these pairs can be 
turned into chemically bound molecules by 
absorbing with photons.” A key concept in 
this new effect is that that it happens 
“coherently”, which means that photon can be 
absorbed to turn a pair of atoms into a 
molecule, then emitted back, then reabsorbed 

multiple times. “This implies the pair-photon 
system forms a new type of 'particle' – 
technically an excitation – which we call 'pair-
polariton',” says Brantut. “This is made 
possible in our system, where photons are 
confined in an 'optical cavity' – a closed box 
that forces them to interact strongly with the 
atoms.”  The hybrid pair-polaritons take on 
some of the properties of photons, meaning 
that they can be measured with optical 
methods. They also take on some of the 
properties of the Fermi gas, like the number of 
atom pairs it had originally before the 
incoming photons. “Some of the very intricate 
properties of the gas are translated onto optical 
properties, which can be measured in a direct 
way, and even without perturbing the system,” 
says Brantut. “A future application would be in 
quantum chemistry, since we demonstrate that 
some chemical reactions can be coherently 
produced using single photons.”

Source: EPFL news release
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Graphene with unique properties
How electrons move through two-dimensional layered graphene could lead to advances in the quantum 

computing platforms

New research published in Physical Review 
Letters describes how electrons move through 
two different configurations of bilayer 
graphene, the atomically thin form of carbon. 
This study, the result of a collaboration 
between Brookhaven National Laboratory, 
the University of Pennsylvania, the University 
of New Hampshire, Stony Brook University, 
and Columbia University, provides insights 
that researchers could use to design more 
powerful and secure quantum computing 
platforms in the future. “Today's computer 
chips are based on our knowledge of how 
e lec t rons  move  in  semiconduc to r s , 
specifically silicon,” says first and co-
corresponding author Zhongwei Dai. “But the 
physical properties of silicon are reaching a 
physical limit in terms of how small transistors 
can be made and how many can fit on a chip. If 
we can understand how electrons move at the 
small scale of a few nanometers in the reduced 
dimensions of 2-D materials, we may be able 
to unlock another way to utilize electrons for 
quantum information science.” When a 

material is designed at these small scales, to 
the size of a few nanometers, it confines the 
electrons to a space with dimensions that are 
the same as its own wavelength, causing the 
material's overall electronic and optical 
properties to change in a process called 
quantum confinement. In this study, the 
researchers used graphene to study these 
confinement effects in both electrons and 
photons, or particles of light.

The work relied upon two advances developed 
independently at Penn and Brookhaven. 
Researchers at Penn, including Zhaoli Gao, a 

former postdoc in the lab of Charlie Johnson 
who is now at The Chinese University of Hong 
Kong, used a unique gradient-alloy growth 
substrate to grow graphene with three different 
domain structures: single layer, Bernal stacked 
bilayer, and twisted bilayer. The graphene 
material was then transferred onto a special 
substrate developed at Brookhaven that 
allowed the researchers to probe both 
electronic and optical resonances of the 
system. The researchers were able to detect 
both electronic and optical interlayer 
resonances and found that, in these resonant 
states, electrons move back and forth at the 2D 
interface at the same frequency. Their results 
also suggest that the distance between the two 
layers increases significantly in the twisted 
configuration, which influences how electrons 
move because of interlayer interactions. They 
also found that twisting one of the graphene 
layers by 30° also shifts the resonance to a 
lower energy.

Source: University of Pennsylvania
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Electronic particles in quantum spin liquid (QSL) 
Scientists have taken the clearest picture of the particles that make up the mysterious magnetic state 

Scientists have taken the clearest picture yet of 
electronic particles that make up a mysterious  
magnetic state called a quantum spin liquid 
(QSL). The achievement could facilitate the 
development of superfast quantum computers 
and energy-efficient superconductors. The 
scientists are the first to capture an image of 
how electrons in a QSL decompose into spin-
like particles called spinons and charge-like 
particles called chargons. “Other studies have 
seen various footprints of this phenomenon, 
but we have an actual picture of the state in 
which the spinon lives. This is something 
new,” said study leader Mike Crommie, a 
senior faculty scientist at Lawrence Berkeley 
National Laboratory (Berkeley Lab) and 
physics professor at UC. “Spinons are like 
ghost particles. They are like the Big Foot of 
quantum physics – people say that they've 
seen them, but it's hard to prove that they 
exist,” said co-author Sung-Kwan Mo. “With 
our method we've provided some of the best 
evidence to date.” In a QSL, spinons freely 
move about carrying heat and spin – but no 
electrical charge. To detect them, most 
researchers have relied on techniques that 

look for their heat signatures.

Now, as reported in the journal Nature 
Physics, Crommie, Mo, and their research 
teams have demonstrated how to characterize 
spinons in QSLs by directly imaging how 
they are distributed in a material.

To begin the study, Mo's group at Berkeley 
Lab's Advanced Light Source (ALS) grew 
single-layer samples of tantalum diselenide 
(1T-TaSe ) that are only three-atoms thick. 2

This material is part of a class of materials 
called transition metal dichalcogenides 
(TMDCs). The researchers in Mo's team are 
experts in molecular beam epitaxy, a 
technique for synthesizing atomically thin 

TMDC crystals from their constituent 
elements. Mo's team then characterized the 
t h i n  f i l m s  t h r o u g h  a n g l e - r e s o l v e d 
photoemission spectroscopy, a technique that 
uses X-rays generated at the ALS. Using 
scanning tunneling microscopy (STM), 
researchers in the Crommie lab injected 
electrons from a metal needle into the tantalum 
diselenide TMDC sample. Images gathered by 
scanning tunneling spectroscopy (STS) – an 
imaging technique that measures how 
particles arrange themselves at a particular 
ene rgy  –  r evea led  some th ing  qu i t e 
unexpected: a layer of mysterious waves 
having wavelengths larger than one nanometer 
(1 billionth of a meter) blanketing the 
material's surface. In the current study, 
STM/STS images show that the chargons 
freeze in place, forming what scientists call a 
s t a r-o f -Dav id  cha rge -dens i ty -wave . 
Meanwhile, the spinons undergo an “out-of-
body experience” as they separate from the 
immobilized chargons and move freely 
through the material, Crommie said. 

Source: UC Berkeley news release
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Stable material with quantum properties
This “topological superfluid” could find use in a variety of futuristic technologies

University of Pittsburgh Professor of Physics 
and  Ast ronomy Vincent  Liu  and  an 
international team of collaborators report the 
creation of a stable material that achieves 
long-sought-after and strange quantum 
properties. This “topological superfluid” 
could find use in a variety of futuristic 
technologies — and in the meantime will 
provide plenty of new questions for physicists 
to chew on. Liu and his collaborators, a team 
composed of both theorists and exper-
imentalists, have been pursuing a material that 
holds the useful properties of a superfluid 
regardless of shape and is also stable in the lab, 
a combination that has eluded researchers for 
years. The solution they arrived at was shining 
lasers in a honeycomb pattern on atoms. The 
way those lasers combine and cancel each 
other out in repeating patterns can coerce the 
atoms into interacting with one another in 
strange ways. The team published their results 
in the journal Nature.

To say that the experiment sits on a technical 
knife edge would be an understatement. It 
requires that atoms be kept at a temperature of 
around one ten-millionth of a degree above 
absolute zero. “It's among the coolest systems 
on Earth,” Liu said. All the while, the heat 
delivered by lasers makes it even more 
challenging to keep it cool. Even the act of 
cooling the material creates its own wrinkles. 
The team's main trick was to use evaporation, 
meaning the warmest atoms fly off, but 
achieving a material with the right density 
means there also needs to be plenty of atoms 
remaining after evaporation. Combining just 
the right set of conditions is a stunning 
technical feat, pioneered in the lab of Liu's 
collaborator and former postdoc Zhi-Fang Xu, 
a physicist at the Southern University of 
Science and Technology in Shenzhen, China. 
Another collaborator, quantum optics expert 
Andreas Hemmerich at the University of 
Hamburg in Germany, helped design the 
lattice of lasers that holds the atoms in place.

For the international team of physicists, that 
balancing act is worth it. The resulting 
material, the team's calculations show, is the 
much-sought-after topological superfluid 
needed to create next-generation quantum 
computers. But because Liu's team used atoms 
to produce these quantum effects rather than 
using lighter particles like electrons or 
photons, any quantum computer made from 
the material would be impractically slow. 
Instead, Liu said, it will likely be most useful 
for studying the finer points of how that 
technology might work. The more fine-tuned 
understanding could help researchers design 
quantum computers that could handle fast 
calculations. And the material's stability 
compared to other quantum materials could 
lend itself to other uses, like hyper-precise 
timekeeping and information storage.

Source: University of Pittsburgh news release
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