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@ NEWS IN BRIEF

COVID Testing in
Less than 5 Minutes

Using Novel
RTF-EXPAR Metho

Controlling the rate of COVID-19 spread requires an accurate and a

faster virus testing strategy. RT-PCR (reverse transcriptase polymerase

chain reaction), the most accurate testing method being currently em-
ployed is a two-step test that takes around 60 minutes per sample.

The researchers from the University of Birming-
ham have reported a novel method for detection of
SARS-CoV-2. This could enable much faster testing
and is sufficiently sensitive.

The viral RNA detection by RT-PCR (reverse tran-
scriptase polymerase chain reaction) involves con-
version of viral RNA to complementary DNA (cDNA)
followed by amplification of cDNA by a quantita-
tive PCR (gPCR). The cDNA is then detected using a
fluorescent dye. This takes up to an hour.

January 2021

The assay time is considerably reduced from about
an hour to few minutes by the newly reported
RTF-EXPAR method which uses reverse transcrip-
tase-free (RTF) approach for conversion of RNA into
DNA followed by EXPAR (Exponential Amplification
Reaction) for amplification at single temperature.
The amplification taking place at a single tempera-
ture is the key to speed, because it avoids lengthy
heating and cooling steps of RT-PCR. Further, the
section of DNA being amplified is smaller compared
RT-PCR. Hence, EXPAR generates up to 108 strands
of DNA product in few minutes. The duplex forma-
tion is monitored, as in RT-PCR method using fluo-
rescent dye, SYBR Green.
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Interestingly, the new method can be modified to
detect several other infectious diseases caused by
RNA viruses, for example Ebola, RSV, etc.

Source(s):

Carter et al (2020). Sub-5-minute Detection of
SARS-CoV-2 RNA using a Reverse Transcrip-
tase-Free Exponential Amplification Reaction,
RTF-EXPAR. Preprint. Published at medRxiv Posted
January 04, 2021. DOI: https://-
doi.org/10.1101/2020.12.31.20248236
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@8 NEWS IN BRIEF S,

Tocilizumab and
Sarilumab Found
Effective in
Treating Critical

COVID-19 Patients

The preliminary report of findings from the clinical trial NCT02735707

reported in preprint suggests that Tocilizumab and Sarilumab, the inter-

leukin-6 receptor antagonists are effective in treating critically ill
COVID-19 patients and improve survival.

Severely ill COVID-19 patients receiving inten-
sive care support responded well to the treatment
with the IL-6 receptor antagonists, tocilizumab and
sarilumab. The hospital mortality was 28.0 % for to-
cilizumab, 22.2% for sarilumab and 35.8% for con-
trol meaning survival rate improved supporting
better efficacy of these repurposed drugs. (1)

The drugs tocilizumab (a humanized monoclonal
antibody against the IL-6 receptor) and sarilumab
(@ human monoclonal antibody against the IL-6

January 2021

receptor) are normally used as immunosuppres-
sants in the treatment of rheumatoid arthritis.

In the current climate of COVID-19 pandemic when
mortality and infection rates are high, it is very inter-
esting to note that these two repurposed drugs sig-
nificantly reduced COVID-19 patients’ stay in inten-
sive care wards of the hospital and reduced the mor-
tality rate by about a quarter. This basically means
fewer deaths and shorter stay in critical care, thus
preserving hospitals capacity to deal with the pan-
demic.
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This clinical trial was funded by EU which is sup-
porting REMAP-CAP through the Platform for Eu-
ropean Preparedness Against (Re-)emerging Epi-
demics (PREPARE) project. Additional support
comes from the related Rapid European
SARS-CoV-2 Emergency Research response (RE-
COVER) project (2).

Sources:

1) REMAP-CAP Investigators, Gordon AC., 2020. In-
terleukin-6 Receptor Antagonists in Critically Il Pa-
tients with Covid-19 - Preliminary report. Preprint:
MedRxiv. Posted January 07, 2021. DOI: https://-
doi.org/10.1101/2021.01.07.21249390

2) European Commission, 2021. News — EU funded
clinical trial finds new treatments to be effective
against COVID-19. Published 8 January 2021.
Available online https://ec.europa.eu/in-
fo/news/eu-funded-clinical-tri-
al-finds-new-treatments-be-effective-against-covi
d-19-2021-jan-08_en&pk_campaign=rtd_news

3) Clinical Trial NCT02735707: Randomized, Em-
bedded, Multifactorial Adaptive Platform Trial for
Community- Acquired Pneumonia (REMAP-CAP)
Available online at https://clinicaltrials.gov/ct2/-
show/NCT02735707?ter-
m=NCT02735707&cond=Covid19&draw=2&rank=
1#contacts
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@ NEWS IN BRIEF

Fibrosis: ILB®, Low
Molecular Weight

Dextran Sulfate
(LMW-DS) Shows
Anti-Fibrotic
Effects in
Pre-Clinical Trial

Fibrotic diseases are known to affect several vital organs in the body
and are a major cause of mortality and morbidity. There has been alittle
success in treatment of these diseases so far. ILB®, the Low Molecular
Weight Dextran Sulfate (LMW-DS) has shown promising results in a
pre-clinical trial. It has been found to resolve inflammation and activate
matrix remodelling in rodent and human disease models. Apparently,
ILB® seems to have the potential to treat fibrotic diseases. Of particular
interest is the possibility of anti-fibrotic treatment for glaucoma. But
before getting approved, it needs to undergo further large scale clinical
trials.
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When inflammation is triggered due to factors like
infections, autoimmunity, toxins, radiation, me-
chanical injury etc. lasts for longer period (chronic
inflammation), the tissue remodelling and repair
processes occur simultaneously. The repair process
has two phases - regeneration (new cells of the
same type replace injured cells) and fibrosis (con-
nective tissues replaces normal cells). When un-
controlled, the repair process results in deposition
of extracellular matrix (ECM) leading ultimately to
replacement of normal tissue with permanent scar
tissue.

Abnormal fibrosis as result of chronic and unre-
solved inflammation is common and is key pathol-
ogy behind large number of diseases affecting vital
organs like lung, liver, heart, pancreas, eye, brain,
intestine, skin etc. These diseases are a major cause
of mortality and morbidity worldwide. According
to an estimate about 45% of all deaths are attribut-
ed to fibrosis. Treatment of fibrotic diseases is not
usually successful for want of a suitable therapeu
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tic agent that could resolve inflammation, arrest
abnormal fibrosis, and activate regeneration of
normal tissues thus restoring normal tissue ho-
moeostasis without adverse effects. Any such ther-
apeutic agent would be of great societal and eco-
nomic significance.

In earlier study, ILB® has already been demonstrat-
ed to be safe in humans. In this study, researchers
investigated low molecular weight dextran sulfates
(LMW-DS) in rodent and human disease models. It
was found that ILB®, the Low Molecular Weight
Dextran Sulfate (LMW-DS) -

1) modulates inflammatory and wound healing re-
sponses in cultured human cells,

2) modulates expression of inflammatory and fi-
brogenic genes in cultured human cells, and

3) reduces fibronectin levels in cultured human tra

WWW.SCIENTIFICEUROPEAN.CO.UK



becular meshwork cells and resolves inflammatory
scarring in a rodent model of glaucoma.

Thus, the results of this pre-clinical trial suggests
that LMW-DS may resolve inflammatory scarring
and promote functional tissue regeneration. This
proof of concept makes ILB® a potential candidate
for treatment of several fibrotic diseases including
glaucoma.

Source(s):

Hill, L.J., Botfield, H.F.,, Begum, G. et al. 2021. ILB® Re-
solves Inflammatory Scarring And Promotes Func-
tional Tissue Repair. Published: 07 January 2021.
npj Regenerative Medicine volume 6, Article
number: D DOI: https://-
doi.org/10.1038/s41536-020-00110-2

Wynn TA 2006. Cellular and molecular mecha-
nisms of fibrosis. The Journal of Pathology Volume
214, Issue 2. First published: 27 December 2007.
DOI: https://doi.org/10.1002/path.2277
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@ NEWS IN BRIEF

MHRA Approves
Moderna’s mRNA
COVID-19 Vaccine

Medicines and Healthcare products Regula-

tory Agency (MHRA), the regulator of all medicines
and medical devices in the UK has approved Mod-
erna’s COVID-19 vaccine after meeting the required
safety, quality and effectiveness standards for use
in the UK (1).

This is the third COVID-19 vaccine to be approved
in the UK after Pfizer/BioNTech’s mRNA vaccine
BNT162b2 and Oxford/AstraZeneca’s ChAdOXx1
nCoV-2019.

Like Pfizer/BioNTech’s BNT162b2, this vaccine as
well is a mRNA vaccine and works on the same prin-
ciple of injecting viral mRNA in to the cells (2).

Sources:

1) MHRA 2021. Press release — Moderna vaccine be-
comes third COVID-19 vaccine approved by UK reg-
ulator. Published 8 January 2021. Available on
https://www.gov.uk/government/news/moder-
n a - v a c c i n e - b e -
comes-third-covid-19-vaccine-approved-by-uk-re
gulator Accessed on 08 January 2021
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.

2) Prasad U., 2020. COVID-19 mRNA Vaccine: A Mile-
stone in Science and a Game Changer in Medicine.
Scientific European. Posted online on 29 December
2020. Available online on https://www.scientificeu-
ropean.co.uk/covid-19-mrna-vac-
cine-a-milestone-in-science-and-a-game-changer-i
n-medicine/ Accessed on 08 January 2021.
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@ ANALYSIS

Space Biomining:

Inching Towards
Human Settlements

Beyond Earth

PHILIP: Laser-Powered Rover to Explore Su-
per-Cold Lunar Craters for WaterHuman settle-
ments beyond Earth on Moon or on planets like
Mars in space have long been the theme of science
fiction. However, serious thoughts and research ac-
tivities towards this have been in progress in the
last two decades. One of the key questions before
the scientific community has been on how to ac-
quire the materials (such as oxygen, water, building
materials including metals and minerals etc.)
needed to establish a self-sustaining presence in
space (1).

Biomining i.e., extracting metals from ores through
bio-catalysis using microorganisms like bacteria
and archaea is in practice for long on planet Earth.
Currently, this method is used to leach copper sul-
fides and pretreat gold ores and also to extract
metals from oxidised ores and to recover metals
from wastes (2).

January 2021

Can the technique of biomining be effectively used
under microgravity conditions in outer space to ex-
tract materials needed for human settlements? Can
microorganisms help extract metal and materials
using asteroid materials or rocks available on Moon
or Mars? Knowledge of microbe-mineral interac-
tions in space is also considered important because
of its potential in soil formation, formation of bio-
crusts in enclosed pressurised spaces, use of regolith
(layer of solid material over bedrocks) and produc-
tion of construction materials. Space biomining ex-
periments were designed exactly for these reasons
to understand effects of altered gravity.

To this end, European Space Agency carried out the
BioRock experiment on the International Space Sta-
tion (ISS) in 2019. Experiments were designed to
study bioleaching of rare-earth elements from ba-
saltic rock in three gravity conditions viz. micrograv-
ity, simulated Mars gravity and simulated Earth

WWW.SCIENTIFICEUROPEAN.CO.UK
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gravity. Three bacterial species, Sphingomonas
desiccabilis, Bacillus subtilis, and Cupriavidus
metallidurans were used in the study. The hypothe-
sis tested was if “different gravity regimens can in-
fluence the final cell concentrations achieved after
a multi-week period in space”. The results suggest-
ed no significant effect of different gravity condi-
tions on final bacterial cell counts implying that ef-
ficacy of the bleaching process remains same
under different gravity conditions. These findings
of the BioRock experiment indicate that bacterial
supported mining can be carried out in the space.
Space biomining is a significant discovery that
seems to have a great potential going forward
(3,4).

Following the success of BioRock study, the Bio-
Asteroid experiment is currently underway now. In
this study, bacteria and fungi are being grown on
asteroidal material in an incubator under micro-
gravity condition of the space station in order to
study biofilm formation, bioleaching and other
chemical and biological changes including the ge-
netic transcriptional changes(5).

With these stepping stones, the humanity is surely
inching forward towards human settlements
beyond planet Earth.

References:

1) NASA 2007. Lunar Regolith Biomining Workshop
Report. Available online at
https://core.ac.uk/download/pdf/10547528.pdf

2) Johnson DB., 2014. Biomining — biotechnolo-
gies for extracting and recovering metals from ores
and waste materials. Current Opinion in Biotech-
nology. Volume 30, December 2014, Pages 24-31.
DOI: https://doi.org/10.1016/j.copbio.2014.04.008

3) Cockell, C.S., Santomartino, R., Finster, K. et al.,
2020. Space station biomining experiment demon-
strates rare earth element extraction in microgravi-
ty and Mars gravity. Published: 10 November 2020.
Nature Communication 11, 5523 (2020). https://-
doi.org/10.1038/s41467-020-19276-w
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4) Santomartino R., Waajen A., et al 2020. No Effect
of Microgravity and Simulated Mars Gravity on
Final Bacterial Cell Concentrations on the Interna-
tional Space Station: Applications to Space Biopro-
duction. Frontiers in Microbiology., 14 October
2020. DOl https://-
doi.org/10.3389/fmicb.2020.579156

5) UK Space Agency 2020. Press release — Biomin-
ing study could unlock future settlements on other
worlds. Published 5 December 2020. Available
online at https://www.gov.uk/govern-
ment/news/biomining-study-could-un-
lock-future-settlements-on-other-worlds
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The Science
of Brown Fat:
What more is
Yet to be Known?

Brown fat is said to be “good”. It is known that it plays an important role
in thermogenesis and maintains body temperature when exposed to
cold conditions. An increase in amount of BAT and/or its activation has
been shown to be positively correlated with improvement of cardiomet-
abolic health. Animal studies have shown that the brown fat can be in-
creased/activated by exposure to cold conditions, reduced exposure to
light and/or upregulation of specific genes. Further research and exten-
sive human trials are needed to establish the importance of increased
activation of BAT in improving cardiometabolic health

Brown fatis also called brown adipose tissue or  new-borns soon after birth and during fever when
BAT in short. It is a special type of body fat that is body temperature increases. Brown fat cells possess
turned on (activated) when we experience cold. multilocular lipid droplets and large numbers of mi-
The heat produced by brown fat helps maintain tochondria that contain a unique protein called un-
our body temperature in cold conditions. The func-  coupling protein 1 (UCP1) (1). The development of
tion of BAT is to transfer energy from food into heat;  brown adipose tissue along with its uncoupling pro-
physiologically, both the heat produced and there-  tein-1 (UCP1), is probably responsible for the evolu-
sulting decrease in metabolic efficiency is of great tionary success of mammals as homeothermic crea-
significance for the body. Heat production from tures, as its thermogenesis enhances neonatal sur-
brown adipose tissue is activated whenever the or-  vival and allows for active life under cold conditions
ganism is in need of extra heat, eg, among (2).
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The presence of BAT has been positively associated
with cardiometabolic health. Individuals with BAT
have reduced obesity and have less prevalence of
type 2 diabetes (increased insulin sensitivity), dys-
lipidaemia, coronary artery disease, cerebrovascu-
lar disease, congestive heart failure and hyperten-
sion. These findings were supported by improved

blood glucose (low values), and increased
high-density lipoprotein values. Moreover, the
beneficial effects of BAT were more pronounced in
obese individuals, indicating that BAT might also
play a role in mitigating the harmful effects of obe-
sity (3). The presence and function of BAT may have
implications for the recent pandemic caused by
COVID-19. It is becoming increasingly clear that
obese individuals with more white adipose tissue
(WAT) may be more prone to having and contract-
ing severe COVID-19 (4) and it may be postulated

January 2021

that presence of BAT may have a beneficial effect
with regards to contracting COVID-19 disease.

Recent research evidence suggests that using ther-
apeutic interventions such as use of mirabegron, a
beta 3 adrenergic receptor agonist, can improve
obesity-related metabolic disease by increasing
brown adipose tissue (BAT) thermogenesis. In fact,
results of chronic mirabegron therapy showed in-
creased BAT metabolic activity, without significant
changes in body weight or composition. In addi-
tion, plasma levels of beneficial lipoprotein bio-
markers HDL and ApoA1 (apolipoprotein A1) were
found to be higher. Adiponectin, a WAT-derived
hormone that has antidiabetic and anti-inflamma-
tory capabilities, also showed a 35% increase upon
completion of the study. These were coupled with
higher insulin sensitivity and insulin secretion(5).

WWW.SCIENTIFICEUROPEAN.CO.UK



What are the implications of the presence or bene-
ficial effects of BAT for the common man? Can we
activate BAT by reduced exposure to light or by up-
regulating genes expressed in BAT or by exposure
to cold conditions? At least, the research on mice
shed some light on these (6,7) and may pave a way
for further initiation of studies on humans.

Does that mean that exposure to colder tempera-
tures activates BAT and/or increases BAT volume? A
randomised trial of cold exposure in humans for
Thr per day for 6 weeks resulted in increased
volume of BAT (8).

Further research and extensive human trials are re-
quired to bring out the beneficial effects of BAT on
humans.

References:

1) Liangyou R. 2017. Brown and Beige adipose tis-
sues in health and disease. Compr Physiol. 2017
Sep 12; 7(4): 1281-1306. DOIl: https://-
doi.org/10.1002/cphy.c17001

2) Cannon B., and Jan Nedergaard J., 2004. Brown
adipose tissue: function and physiological signifi-
cance. Physiological Review. 2004
Jan;84(1):277-359. DOI: https://doi.org/10.1152/-
physrev.00015.2003

3) Becher, T., Palanisamy, S., Kramer, D.J. et al. 2021
Brown adipose tissue is associated with cardiomet-
abolic health. Published: 04 January 2021. Nature
Medicine (2021). DOI: https://-
doi.org/10.1038/541591-020-1126-7

4) Dugail I, Amri E-Z and Vitale N. High prevalence
for obesity in severe COVID-19: Possible links and
perspectives towards patient stratification, Bio-
chimie, Volume 179, 2020, Pages 257-265, ISSN
0300-9084. DOI: https://doi.org/10.1016/j.bio-
chi.2020.07.001.
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0O5) 'Mara A., Johnson J., Linderman J., 2020. Chron-
ic mirabegron treatment increases human brown
fat, HDL cholesterol, and insulin sensitivity. Pub-
lished January 21, 2020. Journal of Clinical Investi-
gation Volume 130, Issue 5 on May 1, 2020,
2209-2219. DOl: https://doi.org/10.1172/J-
Cl131126

6) Shultz D. Could turning out the lights help you
burn fat? Biology. 2015, DOI: https://-
doi.org/10.1126/science.aac4580

7) Houtkooper R. 2018. Fat up to BAT. Science
Translational Medicine 04 Jul 2018: Vol. 10, Issue
448, eaau1972. DOI: https://doi.org/10.1126/sci-
translmed.aau1972

8) A randomized trial of cold-exposure on energy
expenditure and supraclavicular brown adipose
tissue volume in  humans. DOIl: https://-
doi.org/10.1016/j.metabol.2016.03.012 n
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@8 REVIEW

The Fireworks

alaxy, NGC 6946:
What Make this

alaxy so Special?

N ASA recently released the spectacular bright
image of the firework galaxy NGC 6946 taken earli-
er by Hubble space telescope (1)

A galaxy is a system of stars, remnants of stars, in-
terstellar gas, dust, and dark matter that are bound
together by gravitational force. According to an es-
timate, there are about 200 billion galaxies in the
observable universe (2). The solar system along
with the sun is part of the galaxy called Milky Way
which is our home galaxy.

NGC 6946 (NGC stands for New General Catalogue
which is a common way of labelling astronomical
objects) is one of the galaxies situated at a distance
of 7.72 Mpc {1 Mpc or Megaparsecs equal to a mil-
lion parsecs; in astronomy, the preferred unit of dis-
tance is parsec (pc). 1 parsec is the distance at
which 1 Astronomical Unit subtends an angle of 1
second of arc viz.1/3600 of a degree; 1 pc equals
3.26 light years} or 25.2 million light-years in the
constellation Cepheus.

January 2021

The galaxy, NGC 6946 has an exceptionally high rate
of star-formation hence classified as a starburst
galaxy. This type of galaxies are characterised by
high star-formation rates in the order of 10 - 100 M
O/year which are far higher than in normal galaxies,
for example in our home galaxy Milky Way, the
star-formation rate is about 1 - 5 MO/year (3) (MO is
the solar mass, the standard unit of mass in astrono-
my, 1 MO is equal to approximately 2x1030 kg.).

On our time scale, stars appear to be unchanging
but on the time scale of billions of years, stars under-
go a life course, they are born, age and finally die.
The life of a star begins in a nebula (cloud of dust,
hydrogen, helium and other ionized gases) when
the gravitational collapse of a giant cloud give rise
to a protostar. This continues to grow further with
accretion of gas and dust until it reaches its final
mass. The final mass of the star determines its life
time (lesser the mass, higher the life span) as well as
what happens to the star during its life.

WWW.SCIENTIFICEUROPEAN.CO.UK
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All stars derive their energy from nuclear fusion.
The nuclear fuel burning in the core creates strong
outward pressure due to the high core tempera-
ture.This balances out the inward gravitational
force.The balance is disturbed when the fuel in the
core runs out. Temperature drops, outward pres-
sure diminishes. As a result, the gravitational force
of the inward squeeze becomes dominant forcing
the core to contract and collapse. What a star finally
ends up as after collapse depends on the mass of
the star.

In the case of supermassive stars, When the core
collapses in a short span of time, it creates enor-
mous shock waves. The powerful and luminous ex-
plosion is called supernova. This transient astro-
nomical event occurs during the last evolutionary
stage of a supermassive star. The galaxy NGC 6946
is called the Fireworks Galaxy because it has expe-
rienced 10 observed supernova in the last century
alone. In comparison, the Milky Way averages just
one to two supernovae per century. Therefore, a
good number of supernova remnants are expected
in NGC 6946 galaxy. The total number of superno-
va remnant candidates identified in NGC 6946 is
about 225 (4,5). For stars more than 10 times the
mass of the sun, the remnants would be black
holes, the densest objects in the universe.

January 2021

The high star-formation rate (starburst), the high
rate of supernova events (fireworks) features, spiral
structure and it being positioned face-on with us
sets this galaxy apart giving rise to its spectacular
appearance in the images taken by the Hubble
telescope.

Sources

1) NASA 2021. Hubble Views a Dazzling ‘Fireworks
Galaxy'. Posted 08 January 2021. Available online at
https://www.nasa.gov/image-feature/god-
d ar d/ 2 02 1/ h ub -
ble-views-a-dazzling-fireworks-galaxy/ Accessed
on 10 January 2021.

2) NASA 2015. Hubble Reveals Observable Uni-
verse Contains 10 Times More Galaxies Than Previ-
ously Thought. Available online at https://www.na-
sa.gov/feature/goddard/2016/hubble-reveals-ob-
servable-universe-contains-10-times-more-galaxie
s-than-previously-thought Accessed on 10 January
2021.

3) Muxlow TWB., 2020. Starburst Galaxies. 8th Euro-
pean VLBI Network Symposium, Poland 26-29 Sep-
tember, 2020. Available on https://arxiv.org/ftp/as-
tro-ph/papers/0611/0611951.pdf Accessed on 10
January 2021.

4) Long KS, Blair WP, et al 2020. The Supernova
Remnant Population of NGC 6946 as Observed in
[Fe ii] 1.644 um with HST*. The Astrophysical Jour-
nal, Volume 899, Number 1. DOI: https://-
doi.org/10.3847/1538-4357/aba2e9

5) Radica MC, Welch DL, and Rousseau-Nepton L.,
2020. A search for supernova light echoes in NGC
6946 with SITELLE. Monthly Notices of the Royal
Astronomical Society, Volume 497, Issue 3, Septem-
ber 2020, Pages 3297-3305, DOI: https://-
doi.org/10.1093/mnras/staa2006 .
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Gravitational-wave
Background (GWB):
A Breakthrough in
Direct Detection

Gravitational wave was directly detected for the first time in 2015 after
a century of its prediction by Einstein’s General Theory of Relativity in
1916. But, the continuous, low frequency Gravitational-wave Back-
ground (GWB) that is thought to be present throughout the universe has
not been detected directly so far. The researchers at North American
Nanohertz Observatory for Gravitational Waves (NANOGrav) have re-
cently reported detection of a low-frequency signal that could be ‘Gravi-
tational-wave Background (GWB)'

G eneral theory of relativity propounded by
Einstein in 1916 predicts that major cosmic events
such as supernova or merger of black holes should
produce gravitational waves that propagate
through the Universe. Earth should be awash with
gravitational waves from all directions all the time
but these are undetected because they become ex-
tremely weak by the time they reach earth. It took
about a century to make a direct detection of gravi-
tational ripples when in 2015 LIGO-Virgo team was
successful in detecting gravitational waves
produced due to merger of two black holes situat-
ed at a distance of 1.3 billion light-years from the

15 SCIENTIFIC EUROPEAN
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Earth (1). This also meant the detected ripples were
bearer of information about the cosmic event that
took place about 1.3 billion years ago.

Since the first detection in 2015, a good number of
gravitation ripples have been recorded till date.
Most of them were due to merger of two black
holes, few were due to collision of two neutron stars
(2). All detected gravitational waves so far were epi-
sodic, caused due to binary pair of black holes or
neutron stars spiralling and merging or colliding
with each other (3) and were of high frequency,
short wavelength (in milliseconds range).
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NANOGrav

However, since there is possibility of large number
of sources of gravitational waves in the universe
hence many gravitational waves together from all
over the universe may be continuously passing
through the earth all the time forming a back-
ground or noise. This should be continuous,
random and of low frequency small wave. It is esti-
mated that some part of it may even have originat-
ed from the Big Bang. Called Gravitational-wave
Background (GWB), this has not been detected so
far (3).

But we may be on the verge of a breakthrough -
the researchers at the North American Nanohertz
Observatory for Gravitational Waves (NANOGrav)
have reported detection of a low-frequency signal
that could be ‘Gravitational-wave Background
(GWB) (4,5,6).
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Unlike LIGO-virgo team who detected gravitational
wave from individual pairs of black holes, NANO-
Grav team have looked for persistent, noise like,
‘combined’ gravitational wave created over very
long period of time by countless blackholes in the
universe. The focus was on ‘very long wavelength’
gravitational wave at the other end of ‘gravitational
wave spectrum.

Unlike light and other electromagnetic radiations,
the gravitational waves cannot be observed direct-
ly with a telescope.

The NANOGrav team chose millisecond pulsars
(MSPs) that rotate very rapidly with long term sta-
bility. There is steady pattern of light coming from
these pulsers which should be altered by the gravi-
tational wave. The idea was to observe and monitor
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an ensemble of ultra-stable millisecond pulsars
(MSP) for correlated changes in the timing of the
arrival of the signals at the Earth thus creating a
“Galaxy-sized” gravitational-wave detector within
our own galaxy. The team created a pulsar timing
array by studying 47 of such pulsars. The Arecibo
Observatory and the Green Bank Telescope were
the radio telescopes used for the measurements.

The data set obtained so far includes 47 MSPs and
over 12.5 years of observations. Based on this, it is
not possible to conclusively prove direct detection
of GWB though the detected low frequency signals
very much indicate that. Perhaps, the next step
would be to include more pulsars in the array and
study them for longer period of time to enhance
sensitivity.

To study the universe, scientists were exclusively
dependant on electromagnetic radiations like
light, X-ray, radio wave etc. Being completely unre-
lated to electromagnetic radiation, detection of
gravitational in 2015 opened a new window of op-
portunity to scientists to study celestial bodies and
understanding the universe especially those celes-
tial events which are invisible to electromagnetic
astronomers. Further, unlike electromagnetic radi-
ation, gravitational waves do not interact with
matter hence travel virtually unimpeded carrying
information about their origin and source free of
any distortion.(3)

Detection of Gravitational-wave Background
(GWB) would broaden the opportunity further. It
may even become possible to detect the waves
generated from Big Bang which may help us un-
derstand origin of universe in a better way.
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Earth’s Magnetic
Field: North
Pole Receives
More Energy

New research expands role of Earth’s magnetic field. In addition to pro-

tecting Earth from harmful charged particles in incoming solar wind, it

also controls how the energy generated (by charged particles in solar

winds) is distributed between two the poles. There is northern prefer-

ence meaning more energy is diverted to magnetic north pole than
magnetic south pole.

G Earth’s magnetic field, formed due to flow of
superheated liquid iron in the outer core of Earth
below 3000 km from the surface plays very import-
ant role in our life. It deflects the stream of charged
particles emanating from the Sun away from the
Earth thus shielding life from the harmful effects of
ionising solar winds.

When the electrically charged particles in the solar
wind flows in the atmosphere, they generate
energy. This terrestrial electromagnetic energy is
hitherto understood to be symmetrically distribut-
ed between north and south poles. However,
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new research using the data from the Swarm satel-
lite in polar low-Earth orbit (LEO) at an altitude of
around 450 km, has shown that this is not the case.
The energy is preferentially distributed to the north
pole. This asymmetry of northern preference means
more of terrestrial electromagnetic energy heads to-
wards magnetic north pole than towards magnetic
south pole.

Earth’s magnetic field thus, also plays role in distri-
bution and channelising of the terrestrial electro-
magnetic energy (generated due to entry of electri-
cally charged particles) in the atmosphere.
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lonising radiations in the solar wind is known to
have potential to cause damages to communica-
tion networks, satellite-based navigation systems
and electrical grids. Better understanding of earth’s
magnetic field would be helpful in planning safety
and protection against solar winds.
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20C-US: New
Coronavirus

Variant in the USA

I {esearchers at Southern lllinois University have
reported a new variant of SARS COV-2 Virus in the
USA.

According to reports published on preprint server
which is yet to be peer-reviewed, researchers have
identified a new variant using genomic virus sur-
veillance approach.

Referred as 20C-US, this variant appeared in the
USA early in the pandemic and has now become
one of the most prevalent variants in the USA. Ap-
parently, this has not spread to other countries
widely.

The US variant adds to the growing list of
SARS-CoV-2 variants including UK and South Africa
variants.
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Coronaviruses have very high rate of mutation be-
cause of lack of proofreading nuclease activity
hence evolve constantly.
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DNA Vaccine
Against
SARS-COV-2:
A Brief Update

A plasmid DNA vaccine against SARS-CoV-2 has been found to induce
immunity in animal trials. Few other DNA based vaccine candidates are
at early stages of clinical trials. Interestingly, plasmid DNA vaccines can
be developed in a short period of time. Compared to attenuated and in-
activated vaccines, it has several advantages. But, unlike mRNA
vaccines, DNA vaccines may possibly replicate in the cell.

According to a research report published on a
preprint server, the pVAX1-SARS-CoV2-co, a plas-
mid DNA vaccine candidate against SARS-CoV-2
has been found to induce potent immune re-
sponse in animal model when delivered intrader-
mally via pyro-drive jet injector (PJI) (1). This vac-
cine candidate may proceed into clinical trials
soon.

Earlier, the preclinical development of DNA-based
COVID-19 vaccine, INO-4800 wusing plasmid
pGX9501 has been reported (2). This vaccine candi-
date is currently undergoing clinical trial (3). Few
other DNA based COVID-19 vaccines are at early
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stages of clinical trials. For example, recruitment is in
progress for NCT04673149, NCT04334980 and
NCT04447781 while the trials NCT04627675 and
NCT04591184 are not yet recruiting (4).

The idea to use genetically engineered plasmid DNA
in vaccine form to elicit immune response has been
in vogue for more than two decades. Its biology is
well understood now. The results from several pre-
clinical studies have been encouraging. Also, four
DNA vaccines have been licenced recently for veteri-
nary use (5). Efforts have been made for regulatory
convergence across the world and to promote
guidelines for trials of DNA vaccines to assess its
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safety and efficacy (6).

In view of extraordinary situation presented by the
pandemic and because plasmid DNA vaccines can
be developed in a short period of time, there have
been spurt of activities in the area of DNA vaccine
development.

DNA based vaccines offers several advantages.
Unlike attenuated or inactivated vaccines, non-live
vaccines based on plasmid DNA or mRNA do not
have safety issues associated with live vaccines like
reversion risks, unintentional spread or production
errors. DNA vaccines induce antibody production
(humoral immunity). It also induces killer cytotoxic
T lymphocytes offering cellular immunity (5).

Compared to mRNA vaccines which are unstable
and need storage at very low temperatures, DNA
vaccines have an advantage as DNA is relatively
stable and can be stored and distributed at 2-8
degree centigrade. But unlike mRNA vaccines
which cannot replicate in the cells (7), DNA vac-
cines can theoretically replicate and incorporate
with the genome. Long term implications of this

possibility will not be easy to know in short span of

clinical trials.
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