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“If T have seen further than others, it is
by standing upon the shoulders of
giants.”

- Issac Mewton

The charm of science lies in the fact that
the progress we see today is because of
the progressive effort of multiple minds
to-work for a common goal. And every
aspect of the cycle of learning,
developing and spreading science is
essential for its prowth because it is
something much bigger than oneself.
Keeping this spirit in mind, we dedicate
this issue to the memory of Dr Sandhya
Mitra, a beloved protessor who devoted
her life to science education. This
magazine strives to inspire and
stimulate young and old minds alike
while hoping that every reader takes
home something new,

We have interviews with dynamic
personalities who have been the
front-runners for health care based
solutions during the pandemic; Dr
Chandrashekar Nair and Dr Sridhar
Ramanathan, We bring a brief on some
of the research ongoings in the
Biological Sciences Department of BITS
Filani and the latest updates on some of
the hottest topics in biosciences. The
simple vet insighttul nature of the
articles ensures that vou will be able to
enjoy it rmespective of your
background.

Enjoy the magazine!

Ayt
Editor-in-Chief
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A mulb-dimensional personality, Dr
Sandhya Mitra has inspired many students
over the decades from diverse fields of
science and engineering to  lake a
passionate interest in lite sciences, Those
who have benefitted from her teaching
and wisdom can be found across the globe.
She had earned her PhD from Columbia
University, and had trained under several
eminent scientists there, and at Rocketeller
Institute of Medical research. Mentored by
the very best, Dr Mitra was a visionary
who was pivotal in setting up many of the
labs that we see today in the Biological
Sciences Department of BITS Filani, She
was the First in India to introdoce (in 1983)
an undergraduate course in  Genetic
Engineering. She was a caring mentor, a
curious scientist, a comforting friend, a
dynamic role model, a graceful woman, a
powerful writer, a well-learmed scholar
and so much more. Her impact has been so
diverse that it wouldnt be just to associate
her with only one of her accomplishments.
Having lived a long and fulfilling life, she
continues to inspire even after her demise,

The enthusiasm shown by her students
towards contributing to this article itself
stands as a testament to how good a
teacher and mentor she was, She joined
BITS in 1999 and carved a niche out for
herself in the history of BITS. She was an
iconic teacher and was described o be so
lively that she was often more energetic
than her students, Her classes would otten
involve discussions of the latest advances
in genetics and cell biology. When Dr
Barbara MceClintock won the Mobel Prize
in 1983, Dr Mitra was found distributing
posters  in  Sblock and  M-black,
enthusiastically telling evervone aboul it
for weeks. Some of her most noteworthy
qualities were her determination and her
clear vision for exactly how she wanted
things to be. In 1984, while renovating labs,
Dr Mitra worked her way through the
bureavcracy and other obstacles to set up
some of the best labs in the country at that
time. Where others saw dusty old spaces,
she saw an opportunity for growth. She
was eager lo explore and tread on
territories that nobody else had. Hours
wire spent on devising protocols  that
generations of BlTsians would follow for
vears to come and we are forever indebted
tor her for the foundations that she laid.

. Mitra in BITS Filani 1984
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O Mitra being Felicifated P frer shedentts during & retenion

It one would stroll across the library, they would find Dr
Mitra devouring the latest issues of journals like Cell,
Mature, JMB, PNAS, Biosciences and many others, cover to
cover, with the fervour of a teenager with comic books. At
that time when onling repositories were nonexistent, shie
wiold be found encouraging others to make the best use of
the copies of the journals. She prioritized science and her
passion for it over everything else. There was no journal on
genetics in the library that she had not laid eves on vel she
vearned to learn more from every source that she could.
She was particularly impressed with the antibody work of
[r Susumu  Tonegawa, another Nobel Laureate. In
1957 when Professor Tonegawa was awarded the Nobel
Prize in Medicine, the genetic mechanism of antibody
diversification was a fairly new concept and she was the
only one on campus with & clear grasp of it

D Mitra was a talented artist and even deew the diagrams
in her textbooks including those of rabbits, fruit flies and
other  model organisms.  While she was  more
knowledgeable than most people her age, D Mitra was
also as vivacious as her young students at BITS Pilani. She
would wse BlTsian lingo and be often found hanging
around with students and being one of them rather than
just a professor. There was one instance where she
surprised them by joining them on the roof of the bus on a
trip. She would eften pride herself on her health and even
refused bo accept seats from students on her bus as she
didn’t want to be the old woman who meeded to sik One
could often spot her in social events on campus dancing
away with grace and poise. She had the curicsity of a
S-yvear-old, energy of a 15-year-old and wisdom of a
Hlvear-old

A person like her whoe s charming and oozing with
enthusiasm might often tend to intimidate or overwhelm
people around her. But Dr Mitra was soelegant in carrying
herself that she not only was a source of inspiration but
also encouraged evervome o be the very best version of
themselves. She believed and made others believe that il

3 she could do ik so could they.

Chiring her time on campus, the concepts of cell
phones  or  emails  were nonexistent.  She
reached out to students and ‘adopted” many a
homesick student, took them under her wing
and even insisted that they call her * Mama 37
Bhie filled the shoes of a cool aunt with whom
hier students cocld be combortable with, She
established a strong relaborship with her
students, spending many nights listening to
thern talk about their diverse cultural
backgrounds and requesting them to bring
back delicacies. She would playiully chide
them when she found them loitering around
campus, She would see them off at the Pilam
bus stop when they were leaving campus and
even hand them a few rupees to grab a bite on
the way. She was extremely [ascinated by
difterent cultures and was mstromental o
miroducing,  and organizing popular
extracurricular cultural programs such as
Witali', '"Wanjusha', and 'Urvashi', and also
directed some editions of these. She introduced
several thems tate the anmual cuoltural festival of
BITS Pilani - Oasig, and started the series of
lectures by students in the forum known as
Tdeation',

Pictrue of Dy Mitra frooe the resnion i 2001,
O Mt e woidly Trer sticderndt D Clianndrmstesaar




Mentoring and science seemed to come to Dr Mitra
maturally, She had an unconventional manner of
nurturing young scientists. When one of her students
expressed difficulty with writing manuscripts, she
simply suggested writing it like one would write a
letter, She wanted to make science ssem simple and
logical that anybody could comprehend it and rid if
of its sophisticated appearance

It is often observed that a mentor might turn down
proposals because of how unfeasible they might
seem. Yet, Dr Mitra had some of the most distinctive
thesis projects umder her, which were proposed by
her students. One such thesis project  involved
performing a transcriptomic and proteomic analvsis
of Dictyostelium, which was extremely difficult to
culture in the lab. The isolation of RNA with the
equipment at that time was extremely difficult and
there was no tormal protocod established for the
organism. The extraction was not possible, however,
she still awarded an A for the thesis for the
enthusiasm. She let her students explore on their
own and learn from their experiences thus making
sure that they embody the spirit of science rathes
than just performing a successful experiment. Unlike
a traditional biologist, she believed that biology was
an amalgamation of physics, chemistry, and
mathematics rather than it being an isolated field of
its o,

The human genome project, the first noteworthy use
of compubers for pene sequencing was proposed in
1990 and completed in 2003, Back in 1984, Dr Mitra
had a thesis under her supervision with the title
‘computer-aided application in DNA sequencing’,
However, it is not only the content of the project that
1% interesting. Dr Gora Dadta, at that time, was a dual
major in Chemistry and Chemical, however, had a
strong inclination towards computer sciences. He
had known Dr Mitra through cultural events on
campus, He had developed an interesl in genomics
and approached her with the proposal

Initially, she refused it as she did not know much about
computers. Neither were they common or wser
friendlv. A small chat later, she replied, "1 will accept
the proposal only under one condition; you shall teach
me how to use a computer.” The next few months was
an enriching experience for both of them while M'am
learnt how to handle sequences with a computer; an
BM11530 which worked by punching cards, Little were
they aware that the concept behind that thesis would
blow up to become the basis of genomic analvsis today.
She took up every opportunity to learn something new,
irrespeclive of where it came from,

One could often spot her driving around in her
ambascador car around campus. When she wanted to
talk to someone, she would honk cutside their hostel,
take them for a ride, talk about how exactly she wanted
her texthbook to be (which she pl:l_‘lli*—'.lh!d later).

Years later, even after her retirement, she would visit
Pilami often, which she referred to as ber home, Her
relationship with everyone she mentored is with that
level of comfort of a mother with her child. She would
make time to meet evervone close to her in all her visits,
The smallest things brought happiness to her, like
cooking for het loved ones or enjoying a good chat with
them. She would visit the labs and instantly get chatty
about the latest advancements in the feld as she did 30
years ago with students whom she just met for the first
time. She made them feel al ease and talked about how
they were lucky to use the advanced technologies that
she never got to use, One can only imagine her joy if she
knew about the new nanopore sequencer installed in
the department.

She never let her age catch up with her and was lively
till she succumbed to her sickness, Her deep sense of
care for her students was evident az she conbinued to
keep in touch with them, visit their labs etc. She found
jov in just knowing that something new is discovered or
developed every day, Her passion and intuition for
learning were so slrong that she would have done
complete justice to every era of science 4



She authored five books, including a revised edition
(published in 2015) of her popular book, Genetic
Engineering : Principles and Practise. Through these
books, Professor Sandhya Mitra will continue to
guide and inspire students for long, She lived every
day to her fullest and has lelt a permanent imprint in
all our hearts and In the chronicles of science.

Written Biy: Aryahi Antl Kunrar,

This article wonld not have been possilie if not for
the contributions of :

Dy AK Das, Professor at BITS Pilani,

D Gora Datta (Piland "854}

D Anand Chandrashekar (Pilani "37)

D Purnanda Gupltasarma (Pilani ‘88)

Dy Ganesh Anand (Pilani *92)




Research in Pilani:
In talks with
Dr. Vishal Saxena

Pfrl:-rr.ltlrf."urrl i« a unicellular  probocoan
parasite and the cause of malaria in humans.
Malaria 15 a sigmficant global problem.
According to WHO World Malaria Report 2018,
there were approximately 219 million cases of
malaria globally including about 435000 deaths
in 27, Five species of parasite are known to
canse malarta in humans and two of them,
Flasmodium falciparum and Plasimodiion tioay
account for the majority of cases,

When female Anopheles mosguitoes  bite  a
person, it releases the parasite into his blood.
Sporozoites are the first form of parasile thal
comes in blood and invade liver cell. There the
parasite cells divide mitotically, and each may
give rise to another 50-200 of daughter
parasites. Once in good numbers, they rupture
the hepatocytes [(epithelial cells of lver) and
infect RBCs. Plesmodinn vivar can only infect
immature RBCs while P. falaparim can infect
all kinds of RBCs. Also, one astonishing feature
of Py is that, if it enters inside the liver, it
can stay there for several vears in an inachve
form called hypnozoites and might become
active again anvtime later during the lifetime of
the patient, The precursors for this activation
are still unknown
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Working With
Plasmodium vivax

Dr. Vishal Saxena, Associate Professor, Department
of Biological Sciences, BITS Pilani was intrigued by
the fact that Plasmodiom vioar was reported way
back in late 18005, but no vaccine exists till date. He
has been doing research in Lhis area for 18 vears monw
and has found some mind-blowing facts about the
parasite. He is currently working on the plastid like
organelle in Plasmodium vivax called as A picoplast.
They were the fist group to report complete
SEUETCeS of some major fqu]jl'ug regions from P
vivr apicoplast genome  and they have also
characterized its differences with those trom P

faleiparum and other Plasmodinm species apicoplast

genomes. They have also reported major proteins
from 4':!]"'F|'I!l"l-|u'-|i af P. tioax that may |'J-|,1 considered
as putative drug targets in the parasite, The
apicoplast is an important organelie for the parasite
and one can kill the parasite by just knocking out
this organelle.

[t 15 difficull to study Flasmodmm ey becavise 1l
can infect only immature RBCs called reticulocytes
which are very less in number (about 5mi in a 35
mL pouch of blood). Also, not a single lab has been
able to perform a long term in-vitro culhure of P
vty for more than 2 weeks and that is also in the
most advanced labs, After 5 - 7 davs the parasite
cannel survive, All these factors make in=vitro
culturing and all related studies to identify novel
drug targets or to genetically modify the parasite
miajor bottleneck in the research of this parasite.

. Vishal has worked in collaboration  with
clinicians, His lab has expertise of working with
RNAS DNAYS proteins of the P vty parasite,

Written by Muskan Kansal
And Aditya Choraria
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The buzz by the mosquitoes
which is produced when they
fly is not the sound of the
wings flapping against the air
but of an organ at the base of
their wings which makes it
Scientists have discovered that
when males and females flew
nearby, they altered the pitch
of their buzz to match each
other, and if they matched well
enough, they mated.




Uur mast ficklish parts are coandidentally our weakest
apots, such s the neck or stomach 5o scienbsts have
theveiand that parents m earlier days would ave tokled
their offspeing; training fhem to neact while i danger and
that the laughter of Gokling is an acknowledgement of

defeat. Tickfing bas thues evolved to encourage the
develooment of combal skills "Tickling laushter” and
et are different a5 bekling. dirmlabes the
_ mus, which contrals reactioes of fight or faght
When you lickke someone, you achally stimukse the
unmyelinaied merve fbres thal cause paim, This also

anvpilairs vl von cass fickle yonralf < vour brain (s awane

trad

Wl 1 i e b Fr niduce o nespoise b the sckon,

Vi atmost ahwave bave & tendency by vawn when we
boak. at someone ¢lse yawning, or even pachures of
VAWTIRE peopée,

Ihs 15 mosiy becigse the act 5 linked 1o mirmor
weurins, They comped us by mimés the activiky withoud
thinkire sl devide "thi behaviour musl be pseful, s

hettier dio ft foec” This i also ermed & welal mirrorng

the wav vau smile when someone ske does. These
ks ned vnly belp ws learn molor aclions
observation but ake plav & male i antidpating ani
predicing  the behavier of others dunng eccial
mEracms

Why is junk food so tasty?

The reason behind it is really fascinating. The 3 main
components that excite your taste buds are sugar, salt and
fats. heair pPresence iri the ]\:'-r"l'r-ri rabiao isw hat 1|"I MRETS YOUT
mingd toswarcs |::,'|I,i|‘;-;'| more, The more |.:||_|i|_'H|'r' the K ]
melts in the mouth, the more it tells the brain that there are
less calories in it and the more you eat it Another
important factor is ‘orasensation’ or in simple words, the
I..'II."'.r" censation in your I'|1|"l!.]|1'| l.'.;'|II:=.r'l.| |"'-' Ihr." |-|_'||:'|._‘| AN

companies actually  iny millions of dellars into it

research. A sim sample would be the i +t crunch in
a potato chip wh

more of it and al:

triggering a mermn




Why do we get "goosebumps" when we feel
Love and Heart, are they related? [R=SUE

Let's start with the physical feeli TN Goosebumps are a physiological phenomenon inherited
from our animal ancestors, which was useful to them but
of a heart toour loved. are not of much help to us, These bumps are caused by a

e ol i Bk At Bod conftraction of miniature muscles that are attached 1o each

s dopamine, a almne.  and hair, Each contracting muscle creates a shallow depression
norepinephrine which lea e Hantd on the skin surface, which causes the surrounding area o
starts fluttering protrude. The l.:':"]'lt]'d.L'tii:ll'l also causes the hair to stand up
beats are like out of the world. This might whenever the body feels cold. In animals with a thick hair
even et one thinkine “Oh, wow! That's coat this rising of hair expands the layer of air that serves as
my heart! And it's telling me that I'm in insulation, The thicker the hair layer, the more heat is
love!' Well there is a science between why retained. This reaction is useless to us because we do not
have that thick hair coat, but goosebumps persist

urprise that we tend tooa

and tlip-flopping and the

it behaves Lhis way - being in love can
elicit e ssme r'|||t__r|h| ar=flight hormones
that make the heart beat fster and
sITOTIEET S0 We Can Tun a from danger
though there is nothing to be afraid of (or
is there?]. At the other end of the

relationship or when your favourite toy

‘-I mn. I'IL||."" 11 VOIlr
hiea
call
Crientifically atis h.1r|
this huge sympathetic surge ¢
that stuns the heart, and
functioning properly

Why do our toes and fingers wrinkle after a
bath?

Researchers have known since the 1930s that wrinkling
of skin after exposure b water doesn’t occur when there
is nerve damage. This led to the conclusion that it

happened due to an involuntary reaction by the body's

autonomic nervous system, In fact, the distinctive
wrinkling is caused by blood vessels constricting elow
But why? As it turns out, wrinkled fingers provide better

grip when handling wet objects, They can be thought of
as the rain treads in car tires which allow more of the tire
to be in contact with the road giving it a better grip. It is
What causes jet lag? believed that these wrinkles helped our ancestors gather
food from wet vegetation o streams making this more of
The answer lies in the fact, that our body has a a vestigial relic,
well customized intermal clock, called the
crecadian rhvthim whose major function is to
decide what time we sleep and wake up.
When we take long airplane journeys, we
change a lot of time zones, but our mternal
clock is synchromized only with our homely
lime zone and doesn't account for the change of
it with distance, Thus, vou end up experiencing
jet lag. Therefore, the more the time zones you
criss, the more intense vour jet lag is going to
be.




Why can't dogs eat chocolate?

Chocolate has a compound mnamed theobromine
[hecbromine along with caffeine are some of the compounds
present in chocolate: that entice us o consame it. When
humans consgme chooolate, these compounds cause our
heart to pump faster, our blood vessels to dilate and helps
our muscles to get more energy. But an accumulation of
theobromine can cause our heart to pump way oo fast
leading to muscle convulsions, heart attack and even death
Bit wait, people don't die of a chocolate overdose, do they!
Thankfully for us; our body can process theobromine pretty
quickly and ifs levels are low enoagh to not cause any harm
Lintort '.II'.'|ll.'|:.. our pets aren't so lucky and theobromine
stavs in their svstem for a considerably long time and cause
harm. Uhne main reason lor this dilterence in theobroimine
processing could be because our ancestors relied on plants
for their survival for a very long time unlike the ancestors of

e Tl | & - o o " .
our pets like dogs and cats,

Why Do | See Patterns When | Close
My Eyes?

Many people who have seen this visual
phenomenon  think il is a Jight-induced

afterimage of what thev had seen before they

closed their eves, but an afterimage ||'.'.,<.',||t only Whr do camera flashes make your eyes

be a part of what they Bire seeing, The real reason  RTIREE ¥
we are treated to this fuzzy ".. wworks display

behind closed lids has to do with phosphenes! Camera flashes do not make your eyes turmn red. The

inside of your eyes is always red. The bright light of the

E"|'~:1-L|'|"|-:-|'||_--\. are then ||.|'.'i|':; visual sensations of : : 1
camera Hash just makes the colour more ohyvious, Your

stars and patterns we see when we clogse our
eves. They are thought to be caused by thes
inherent electrical -.hnr;_:-.“- the retina prggucess

; e T . s into the hollow space instde the eve. The Light passes

even when il is in its “resting state .r%nn'. : b othi i .’ r o | = }” L
through this space and then strikes the inner bac

taking in a ton of information m.d light | e - i ; ‘ P AU | T

surface of the eyve. known as the retina

eye % = '-.l_"|'|I_F'||_I.' a3 hollow Dall flled with clear uid,
The hole at the front of your eve, the pupil, lets light

e it

|_‘| R, A |'||_"'|||.|r'|_'-.|._-. Aare O] i 1 |
- supplied with an enormous amount of blood which

wives the red colour,

How do Anesthetics work?

[nhalable anesthetics disrupt structures in the cell membrane
called lipid rafts, Lipid rafts are dense structures made of fat
molecules like cholesteral. When an anesthetic is introduced,
the components of the lipid rafts drift away from each other
and cause something similar to an expansion. The process is
similar to billiard balls, which move away trom the center
when hit with the coe ball. When these lipid rafts expand, they
burst-and spill their contents: The enzymes refeased have the
power to change the polassium concentration gradient by
interacting with certain proteins that make up jon channels in
the cell membrane. The potassium gradient 15 essential for the
proper functioning of the neuaron. s disruption causes the
neuron by be inactivated for a while until your cells' natural
mechanisms restore the balance.




Dr. Sridhar Ramanathan, from the
batch of 1992, s currently with
NIRAMAIL a healthcare start-up
that engages in Al-enabled
detection of Fever and COVID-19
refated respiratory symptoms. He
was the President and CTO of
HealthCube and the Site Director of
the Bangalore Development Centre
of the Beckman Coulter Life
Serenwces. Here 2 an interview where
we discuss his pumey from college
to establishing himself in  the
bio-medical industry.

| was involved in mulliple projects
and had nearly 20 publications by
graduation. | returned back to Tndia
in the year 2080 and joined GE India
Technology Centre, Bangalore, |
was offered a mallion dollars 1o set
up the laboratory there, It was a
completely new venture as it was
not in line with my work during my
Phl.

After that, | ransferred o an area
called Six Sigma where the
application of statistics and
optimization was required.

A

What motivated you to opt for a
Phi) in Analytical chemistry?

I majored in Instrumentation . and
Chemistry at BITS Pilani. Analytical
Chemistry is a mix of these two. |
further  pursued  bicanalytical
chemistry which essentially deals
with biological sensing svstems.
Developing now sensing toals was a
convenient overlap considering that
instrumentation was about
developing the systems and
analytical chemistry was about
identifving the targets.

After a FPhD in Analytical
Chemistry, how did you swilch to
product development in the later
vears of your career and then to a
biomedicine based start-up?

During my PhD}, | was the frst
student under my advisor and was
involved  in academic  and
non-academic activities including
the recrustment of students.

11
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| do wish | paid more attention to
the course during my years at BITS.
Adter a while, [ wanted more action,
sp | then switched to a start-up at
TV5, an automotive company.

As BlITSians we are exposed to
everything as a part of our learning.
I met with the president of FORD
and they couldn’t puess my degres,
Simply because we know enough bo
talk to people. After some years, |
was introduced to a company called
Eea Matrix which dealt with
medical technology. I was under the
mentorship of Bala Manian who
was a phenomenal entrepreneur. As
a mentor he exposed me to a
wonderful learning experience.

HealthCube is commendable and a
need of the hour start-up. Could
you give us an insight into
developing innovative  and
accessible healthcare products?

HealthCube is also a BITSan
startup, although 1 am ne longer a
part of it. It was founded by
Ramanan Laxminarayan who is also
a BiTSian. The company was based
in Delhi. Three years age. | rebooted
the company in Bangalore and
developed some platforms and tools
for the management of point-of-care
and related healtheare services.

We also managed to get a CE
marking, i,  E-manufacturer’s
declaration that the given product

meets EU standards for  health,
safety, and environmental
protection.

NIRAMALI is famous for its breast
cancer detection technigques. Now
they are also providing thermal
detection solutions for COVID-19
aymptoms in a much safer
environment. Could you brief us
on  your work and goals at
NIRMAI?

After Healthcube, 1 was looking
torward to more, which was when
NIEAMAI came along. From my
nbservation, cancer is very common
and we are losing more people to it
every day. It is not as distinctly
visible as one thinks it would be.
Looking at the technology  that
NIEAMAIL has, they do not come
significantly from a diagnostic
perspective but are from Al-based
solutions. 1 was part of the
leadership team there. But 1 have

also worked  on represenbing
NIEAMA]L tor regulatory
clearances,

The cases of breast cancer is
increasing in all countries including,
India. The biggest challenge in a
country like ours s that people
don't come for regular medical
check-ups. People are not
encouraged to get to the screening
despite it being very important tor
early diagnosis. Mammography, the
X-ray based screening process can
often be a painful process causing
discomfort, Sadly, it was the most
common screening tool and caused
phyvsical discomfort, especially tor
women. In countries like India, even
if we offer free screenings, people
don’t come due ko social stigma.



MNIEAMAI has come up with a
different solution, ie. they take
thermal fmages of the breast amd
analyse it using Al. The detection is
based on the physiology of cancer

known, hence, the process of
screening s now much  more
comfortable  ftor  the patient

Therefore it can be used as a way for
mass screening and unnecessary
deaths can be avoided.

How did vou tackle failures if you
have faced any and what have vou
learnt from them?

BITS is a place thal teaches you to
deal with failures, Failures will
happen whether vou like it or not.
The way vou manage and deal with
them is what matters most.

Ome such instance from my lite was
when | was working at ReaMatrix,
We were addressing the detection of
HIV using a Aow cytometer. The
reagent used in the cytometer had a
market value of $6. We came up
with a better reagent, a dry one,
which was easier to handle and cost
only $3.

Omce we started manufacturing, we
were expecting significant sales due
to the advantages that our product
was ofering. However, that was not
the case, We discovered that people
were accustomed {0 using other
liquid reagents with the hardware.
We deall with this situation by
manufacturing our own hardware
that wis compatible with  our
reagent. Thus, yvou should learn
from your failures and not repeat
the same mistakes, If vou start being
afraid of failures, vom will never
grow, BITS grills yvou through an
ample amount tests and quizses, An
‘E’ grade doesn't mean that voo
failed but it meanps that yvou are
exposed 1o the subject, Similarly, a
failure exposes you to mistakes so
that you don’t commit them again,
You can make mistakes but yvou
should try not to repeat the same
mistakes again.

HBITS is a place
that teaches you

to deal with |
failures. '
Failures will

come your way \f) )
e

Ilri_‘t

whether you lik
it or not. The
way you manage
and deal with

them is what
matters mﬂst."

Your views on the COVID-19
situation in India.

What message would you like to
give to the people to stay motivated
and efficient in these difficult

Hmes?

At the beginning of 2020, nobody
had any clue on how to deal with
the situation. March is when the
sttuation worsenad and our efforts
began taking off.

A personal takeaway is that we do
not know much yet, We were lucky
and were able to take reascnable
precautions that allow us to ride it
out.

The smart thing would be to limit
our exposure hence giving our body
a fighting chance. We should take all
possible precactions from our side.
In short, there are so many things
going on around us and we should
handle this situation with poise and
take all the necessary precaulions

like ftollowing =ocial distancing
noTims.
We  should understand the

seriousness of this situation without
panicking and prevent any kind of
chaos maintaining peace of mind.

What advice would you like to give
to a younger version of yourself?

You should make wse of the
opportunities that BITS has to otfer
and not be solely inclined towards
academics. Though academics must
be a priority, During my time at
BITS, | was involved in theatre and
made a lot of good friends and a lot
of memories. And these  friends
hawve still stuck with me through the
vears. This is the time where one
should dream big. | would describe
this as similar to hitting hard for a
six while taking the risk of the ball
being caught in the last over in a
cricket match. You have nothing to
lose al this point and have zero
risks. As a student, you are in the
prime time of your life to explore
different t]ung% If you have an idea
then you should explore it. The
worst case is that vou might fail bue
vou can alwayvs move on in lile and
vou are not going to regret it. Don't
wait for too long because as you
grow older your risk protile also
increases, Make mistakes and learn
from them but don’t be afraid of
tailures

Written by Akshat Jain and
Aaryan Charak
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Oh! You look just like vour mother!”
This might have been a common thing
vou would've heard growing up and the
reason for it, which is genetic inheritance,
is something we are all aware of.

Does a person’s actions in their lifetime
also affect their progeny or at least
themselves? We have another type of
inheritance  that  mighl not be so
commuonly heard of but is gaining a lot of
traction in recent years and this is the
field of Epigenetics.

Written By Arpit Singh
and Kirat Chawla




The term epigenetics literally means 'on top of or 'in
addition to' genetics. Epigenetics refers to the study

of inhentable physical changes that are not
associated with the genctic makeup of an organism
and is important for the regulation of gene
expression in a cell. Thie DNA sequence is important
in determining what proteins are formed in the
organism while the gene expression pattern
determines which genes are allowed 1o express in a
cell and those profeins are produced and it is
because of this differential expression that the
behaviour of a particular cell is different from any
other.

Every cell in our body has DINA
approximately  6ft  long! DNA
condensed —in a process known as superceiling —
by wrapping around proteins called histones. This
condensed form of DNA s what we
chromosome. All our cells have the same DNA vet,
the difference between a brain cell and a liver cell is
remarkable. 50, how do our cells grow (o become so
different? The answer is in epigenetic markers, Oun
DMA s 0 tightly coiled that reading it 15 next to
impossible. Certain proteins called transcriplion
factors canse-specific regions to unwind by attaching
themselves o those Seientists  now
|'-:, I,‘ll‘ll;|'1_‘"-.i-'-;," that the bi |'|4,::i|"|g fites are also o |1'||_|:-:'||||_'|,,|
by epigenetic markers; methylation at cytesine, an
guanine dimnucleotides (mCG).

Though DMNA - methviabon — better
covalent modification—is only

which is
sirands are

call a

|'|.';|_;i;'ll'|h.

known  as
one of the nine
epigenetic mechanisms, it has become synonymous

with epizenetics because of s wide-ransing effects,
Methylation of the cytosine usually ocours when it is
adjacent to a guanine residue and when methylation
oocurs al the promoter, which is usually GC rich, it
means that the gene has been silenced as it makes the
promoter lesm accessible o the EMNA _:'l-::-|_'.'r1'|| PR
Research has shown that this methylation pattern is
heritable and gets transferred to DMNA strands that
have arisen from the parent strand via replication
and so the effect that this methylation pattern has on
gene expression is inherited,

DNA is negatively charged, compact and wraps
arouril histome proteins. Euchromatin which has
loosely packed genes is highly expressed, unlike
heterochromatin which has tightly packed genes.
The tightly packed heterochromatin corresponds Lo
a decrease in gene expression due to the accessibility
of the genes to the molecules required for
transcription to take place. Thus, these histone
proteins have an important role o play in the
regulation of gene expression, Histones can underzo
several  modifications like  methylation  and
acetylation that enable them to do this. These
epigenetic phenomena can oocur as a resull of many
factors like the environment, mental conditions and
could also be a part of normal development
Epigenetics tells us that not all physiological
phenomena can be explained by just looking at one's
genome and provides a layer of context that helps
usunderstand how the interaction between several
genes in the right proportions has helped us develop
inlo what our bogdies |1.|'. e become oday,
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Gene Expression Pattern: A gene's expression
pattern can be defined as a distribution of ils
products; mENA and proteins in different
concentrations. In different  cellular

compartments,

Transcription factors: L is a protein that
controls the rate of transcription; copying a
segment of DNA to RNA Tt binds o the DNA
and either promotes  or  blocks  the
transcription of a gene.

Methylation: DINA methylation is a biological
process by which methyl groups are added to
the DNA molecule. Methylation can change
the activity of a DNA segment without
changing the sequence.

Euchromatin: Euchromatin is a lightly packed
form of chromatin (DNA, RNA, and protein)
that is enriched tn genes, and 15 often under
active transcription,

Heterochromatin: Helerochromatin  is  a
ightly packed form of DNA or condensed
DNA, which comes in multiple varieties. It
mostly consists of repetitive DNA sequences
and is relatively gene poor, Its most notable
property is its ability to silence euchromatic
BENE eXpression.

Specialisation: Modification of newly formed
cefls so that they develop the features that
remder  them structurally and  functionally
useful,

Histones: Histones are a family of basic
prutmns that associate with DNA in the
nucless and help condense it into chromatin.

Germ cells: Germ cells or sex cells are cells
that are used by sexually reproducing
organisms to pass on genes from generation to
generation,

Micro-array: A microarray is a laboratory tool

used to detect the expression of thousands of
menes at the same Hme,

Oxidative stress: Oxidative stress is a

phenomenon caused by an imbalance between

the production and accumulation of oxygen
reactive species in cells and Hssues and the
ability of a biological system to detoxify these
reactive products.

Another term called "Epigenetic Inheritance’ is often
usted interchangeably with epigenetics. It is a part of
epigenetics, which refers to the characters'
inheritance even without a change in the genomic
sequence, A great example, mentioned earlier, is the
differentiation and specialisation of cells,

Even though the inihal stimuli are gone, and the
DMNA s identical, yet these cells breed true
{phenotvpically identical to the parent). Epigenetic
inheritance is affected by various external stimuli
like mental stress or even diet. Yes, It has been found
that our diets can affect our germ cells in some wavs,
It would mean that we are what our parents or
grandparents ate! Such Methylation marks are as
easilv inherited as easily thev are reversible

In agout mice, certain discases can be reversed just
by changing the diet of the mother. Mice that inherit
the agouti gene are born obese and golden in colour.
Such mice develop diabetes as well. Two genelically
identical mice were born, the only difference being
the diet of the mother. One mouse was born obese
and golden while the other mouse was born lean and
brown; the agouti gene was silenced in the second
mouse, where the mother was given a diet that
promoted methylation.

Ageing

Another interesting aspoct of epigenetics 16 Aging, Is
age just a number? Do you start dying the moment
vou are born, or do vou start dving when you cease
to grow? Our cells get old and they die but we don't
get old because of our cells, New cells are created all
the time, so, are these new cells any different? [f not,
then how do we get wrinkles? 'I-'"-’hv do pur bones get
weaker? Why do we lose our ﬁtmngih? For quite
some time scientists have been researching aging.

It has been suspected that aging mwst occur during
cell division. At the ends of our chromosomes a
repeating genetic code sequence called telomere is
present and it has been observed that cell division
shortens the length of these telomeres, hence, a lot of
research  was  conducted  to  re-enforce  this
hvpothesis. During these researches in addition to
telomeres, many other tactors have also been
identified which may play an even bigger role in
aging. In each cell, the DNA in a semi-coiled form is
attached to certain proteins, called histones, This
DMNA can be damaged by numerous external factors
like UV ravs from 'hLlI'IJL'-"Eﬂ and this may lead to
extreme d.“-‘.lrnagu and may lead to a chut-down cell
called senescence). Hence, a lot of ENETEV IS
expended in uncoiling the DNA then replicating it to
make a new cell. Replications aren't 100% perfect
amd this leads to some mutations in our DNA
sequence after each replication eyele. Tt has been
observed that some genetic mutations do cause
thinning of hair and face looking much older.



MNow, scientists are facing the chicken or the egp
dilemma, as we have been unable to determineg
whether it is the mutations that are responsible for
ageing or our replication mechanism itself becomes
less efficient because of age. The latter has basis in
the fact that as we get older the capacity of our body
to produoce h:lrrnm wes and proteins  diminishes.
Production collagen—which provides our skin ils
strength and elasticity —starts to decrease as we get
older, leading to wrinkles. Functional studies in
mocdel organisms and humans alse indicate that
epipenetic changes have a huge influence on the
ageing process.

Chur life span is largely c>p1..,-_=|'|wtn.:|||1 determined.
Diet and other environmental factors can influence
our lite span by changing the epigenetlic information
The uncoiled part of DNA undergoes methylation as
timie passes, this methylation density can be studied
to get an of relative age. Bul the more
interesting phenomenon is when scientists put rats
through procedures where their DA was damaged
to artiticially induce ageing the methyiation on their
DNA increased as well. The role of epigenctic
modifications has been extensively studied
evidence strongly suggests that the environment
plavs a role in ageing. Though these studies suggest
that there is some sort of passing of epigenetic marks
through generations, formally called
transgenerational epipenetics, there is still a lot of
debate in this beld as most studies reveal that
epigenetic marks are erased in the germ cells and so
the mechanism for such findings is still unknown
However, within the individual's own somatic cells
these changes do remain and are stably inheribed. A
study published in the American Journal of Clinical
Hypnosis studied the effects of therapeutic hypnosis
on gene expression. The participants of the study
were subjected to therapeutic hypnosis amnd  the
effects of the therapy on their leukocytes were

idea

ard

studied using DNA microarray technology and
some bioinformatics toals.

What the researchers found was that there was an
upregulation of genes characteristic of stem cell
growth, a reduction in cellular oxidative stress along
with a reduction in chronic inflammation further
strengthening the theory that therapeutic hy pnosis
can transform ideas into acts in receptive subjects.
Apart from modifications on a cellular level,
modifications, changes on an organism level like a
better lifestvle has pointed towards slower aging.
Stress has been linked to the shorbening of elomenes
in the cell and other epigenetic modifications which
induce the effects of ageing. As is illustrated by this
study, epigenetics allows us (o see fife in a much
more hopeful manner wherein we have a lot more
control than was previously believed when a lot was
attributed to our penetics and accepted as is. A
healthy hifestyle and environmenl are believed Lo
correspond to a gond epigenetic pattern.

Although we cannot single-handedly control our
environment, we can take steps to irﬂpmﬂ' iy
lifestyle by having a healthy diet, engaging in
n‘lrulnr exercice and by 11|=-;1||'r care of our metal
health. He noa, it iy pcw-..ll:hl.u. that ancient yogis lived a
lot longer becavse voga and meditation or somras
was a drink that could down  these
modifications on a cellular level o lengthen the
lifespan. Mavbe one day we will be able to live a
healthy life way past 100 vears. Will that be a good
thing or not more discussion needs to take F1|:I|.|.' tor
decide that, Will we become immortal ¥ Is there even
a point to living without death? But the point of
research like this is nob b answer these questions,
they are just a conduit to satisfy human curiosity.
||‘||.="|.' are a means to understand ourselves better, the
more we know that we get enamoured by the
sophistication that millions of vears of evolution
have brought about.

sl
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Addiction

Is-it easier tor some people to get addicted than
others?
Scientists did an experiment where
rewarded with cocaine for sixty days {a full cycle
of  spermatogenesis). N i th.ul their
offsprings had less susceptibilits
drue dependent. Addiction bas been linked to
etylation of histones in the neurons and
reased expression of a gene L".'1|||.'-1 BDNEF.
nges the l.||[-:|‘l|:]|‘|"”- EEPETICNC ang

MiIce Were

"'-l"«t.‘lj lo give an evolutionary Lu.i -uTl'll-.'l.gL"
quickly adapt to its
it has a higher chance of

Srvironn
survival. | :
been identified, there is a possibility
addiction clinically in the toture,

P

Lamarck's and

Epigenetics

Hypothesis

Jean-Baptiste Lamarck was a French naturalist.
He gave the theory of The Inheritance of
Acquired Characters' in 1809, His theory on
evolution suggested that organisms evolve
throughout their lives (o adapt to their
environment, and their progeny inherit these
changes. This theory was completely sidelined
e h-:n Darwin gave e his theor y of Evolution by
Matural Selechon' o 1839, Mow, Lamarck's
theory of evolution is experiencing a renaissance
after evidence of epigenstic inheritance were
discovered. Even though Lamarck's ideas
weren't based on epigenetics. SHIL, his ideas are
similar enough that the scientific community 15
revisating them,

Anxiety and Stress

Mother's love is pure and unconditional. Does
this love play a role in the early development of
the child?

COine of the earliest experiments in the field of
epigenetics was the mouse pup licking,
Kesearchers found that the pups who were
licked and pampered more trequently handled
stress and anxciety much better later in their lives
than those who weren't looked after by their
mother mice, This behaviour was independent
of the mice's lineage. When the mice from the
loving mother-and the inattentive mother were
exchanged, the end results remained the same.
This experiment was the first
breakthrough for epigenetics and is still widely
quated evervwhere. I introduced the masses (o
the idea of epigensatics

major

Pseudoscience

Epigenetics, as a concept, is starting (o become
more and more mainstream. For such a new
field of stody, it s both remarkable and
erous,  Certain purus  are  promoting
etics as the answer to ological

We are in the

and a ol more

lages of all the
||rl-1l.:"|"1|.l'|'ll'.|lll" is
needed to say or predict anything, If the I|‘l..|‘.l.|'=
keep up, 'Epigenctics' can very wetl become the
'Quantum’ of biology, a MacGuifin capable of
explaining anything and everything. Hence, it is
necessary that evervone gives this field
time to breathe amd wait till more substantial

ST

results come oul,
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¥ Matiomal Ca :pl."& [nshitute




In a paper released on 14 September 2020 in Mature
Astronomy, astronomer Jane Greaves at Cardiff
University and an international team of scientists
announced the presence aof phosphine in Venus's
atmosphere. Phosphine is considered a "biosignature’ -
molecules that are strongly associated with the
chemistry of life. However, phosphine does have a few
non-lifte methods of production, particularly on a
rocky planet like Venus,

The presence of phosphine gives an indication that
there could be life in Venus' atmosphere. There are
regions of Venus” upper  atmosphere  that  are
remarkably temperate and relatively hospitable.
Scientists have been hyvpothesizing that microbial life
forms could be floating around the planet for decades
and the detection of phosphine supports  that
by pothesis,

Looking at all the possible methods of natural
phosphine creation on Venus such as the produaction

by  lightning, delivery by  meteorites, and
photochemical reactions in the atmosphere, the
scientists found that all these would produce far less
phosphine than observed, The science team admils
that if no chemical process can explain the presence of
phosphine within the upper atmosphere of Venus,
then it must be produced by a process not previously
considered plausible for Yenusian condilions, which
could be unknown photochemistry or geochemistry,
or possibly LIFE, Also, the detection of a single
bosignature does not mean life has been found on
Venus. We must learn to embrace the uncertainty and
to resist our desires for a binary answer—life or no
lite? = while the process of science does its work,

Writben By Srimit Sritik Das 18



19 Dy Chandrasekhar Nalr rocelved

his Bachelors' and Masters' degrees
in Chemical Engineering from BITS
Filani during the 1985-91 perind.
He earned his PhD degree from the
Vellore Institule of Technology in
2Mf, for his research involving the
development of near-care portable
molecular diagnostics for infectious
diseases. He is a founding director
of Bigtec Private Limited {since
20000 and  Molbie [Diagnostics
Private Limited (since 2011}, and is
also the Chief Technical Officer al
Molbin Diagnostics. The Truelab

portable  RT-PCR  diagnostics
platform developed and
commercialized under his

leadership has had a tremendous
impact on point-of-care diagnostics
of tuberculesis and other infectious
diseases in India. It is the only such
indigenously-developed  portable
molecular-diagnostics platform
that has been approved by the
ICME  (Govl. of India) and
recommended by WHO, and can be
wsied 0 even remote  healtheare
locations without reliable power
supply.

Could you tell us about your
transition from chemical to the
field of biomedical sciences and
the factors that influenced this
transition?

Even as a student, 1 had friends
from multiple branches, whether it
was computer science or phyeics or
mechanical.

This environment shaped me to
have an appreciation for other
disciplines, It also taught me that
there can be multiple ways of
looking at a problem.
Subsequently, when | was doing
my masters, | had the opportunity
to work with people working in the
lield of bio=ciences, on many
multi-disaiplinary  progects.  This
experience  opened up  the
possibility of bio, 1 had always
liked biology but unfortunately, |
hadn’t pursued it after 10th.

When 1 finished my masters, [ had
almost joined bits for PhD, but then
an advertisement from
Vittal-Mallya Scienfific Research
foundation asking for modelling
and simulation of dishillation
columns caught my eyve

When [ finished my masters, 1 had
almost joined bits for PFhD, but then
an advertiserment from
Vittal-Mallya Scientific Research
foundation asking for modelling
and  simulation  of  distiflation
columns caught my eye. The
project was on one of my favourite
topics. Unfortunately by the time ]
had joined, the project had moved
from Bangalore VSRF to IIT KCP.
S0, | was told to look at
recombinant fermentation.

| had to learn about DN A and RN A
all over again and understand what
recombination is, We were the first
in the country to work on
recombinant insulin. [ had wvery
good training at VSRF and did
fantastic work on fermentation.
This started my journey into the
multidisciplinary field.

As my career progressed, 1 started

an engineer we are taonght that
specificity and sensitivily don’t go
hand in hand, but here. PCR was a
technigque that required both, At
that paint in ime, there was almaoat
o use of PCR as a diagnostic tool,
primarily because you needed a
PhI? o even tun a PCR because it
seemed fairly sophisticated,

It took us several years to pet a
hang of it and to get relevant
results. Once we did, we started
looking towards making the
technique mobile. My dream was
always to see a lab that would reach
my village. When vou have a team,
which is capable of looking at the
same problem from multiple angles
and training in different disciplines
to try and solve a problem, you

A

As my career progressad, 1 started
looking on how to scale up lab
processes and moved into techno
commercialization.

Around this time, a friend from
BITS  during my  masters
approached  me, with an
opportunity in IT and the emergent
fields of life scences. This was
exactly the kind of thing | wanted
to do. The team had four of them
with an IT background and 1 had a
mixture of like sciences and
chemical engineering. We set up
our company that focuses on
diagnostics and point of care, using
state of the art technology, 1 was a
bench researcher and did a lot of
work on PCR and was wvery
fascinated by it, Mainly because as

N/
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What goes into the ideation of
diagnostic products and how does
it become from an idea o a
product?

PCR for point of care incolves
ensuring that it is very rapid. Many
people  don’t  reach out o
healthcare unless yvou can diagnose
or treat them within the same visil.
This requires a wvery efficient,
precise and presumplive diagnosis.
The techmician and the
infrastructure requirement needs to
be minimal. We also had to make
the product affordable. S0, these
were the goals that we set for
ourselves, We started with silicon,
as the material for our product
based on previous reports. We ran
around a ot for the silicon chips



At that time a semiconductor
laboratory in Chandigarh was the
only place with an accessible
MEMS foundry. This made it clear
that silicon as a substrate tor chips
was not going to work, as we did
not have a sofficient number of
silicon foundries.

That's when one of my colleagues
came up  with the packaging
materials that were used in space
tor embedding electronics - low
lemp co-fire ceramic, Ceramic is
essentially glass and glass is great
for biology. It also allowed us to
use heaters, embed  temperature
sensors, provide surfaces  that
could heat and cool very fast and
uniformly. This gave us early
success in the lab. Then we went to
the Council for Scientific and
Industrial  Researchers  (CSIR)
programme The Mew Millennium
Indian  Technology  Leadership
Initiative {NMITLI), the brainchild
of Dr. Abdul Kalam, initially
funded. We were among the first
Indian companies to be Ffunded
with a soft loan from CSIR and
that's how we were able 1o start,
We bought nanoparticles and used
thiem, they cost around Rs 3000 per
reaction.

But this was not scalable. S0, we
created  magnetic  nanoparticles,
coated them and characterized
theme By that  time India’s
capability to manufacture them
had increased tremendously. So we
could  do nanoparticles-based
sample  preparation. The only
problem was once created they
required manual pipetting, It took
13 hour and the technician was tied
to it for that time. It was the first
product we took to market, but labs
are busy places and they don't have
the time or technicians to pipette.
We were finding a mwans to
automate it, but  that would
increase the cost and maintenance.
We decided to think big, and came
up with nanofibers making our
model very versatile.

An extensive study conducted by
PathLabs, Seattle compared 5
different preps out of which ours
was deemed to be the best at point
of care samplie preparation.
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This was possible thanks to
countless optimizations in  the
heating/cooling  process of PCR.
We were able to amplify
nucleotides while reducing  the
contamination in  the sample
Coupled with its ability to run on
batteries, the sample preparation
device (TruePrep) is ideal for field
use and is able to extract nucleic
acids in the sample in about 20
minutes.  The extracked nucleic
acids can then be wsed for PCR
based diagnosis using the PCR
machine  (Truelab).The  entire
process of sample prep ¢ PCR
usually  takes about M o 40
minutes.

The machines can also be designed
based on the desired throughput
with multiple bays each capable of
holding and  treating a sample.
They have been installed in many
places in the country as well as in
31 countries around the world,

The idea of the product journey
fascimates me. Especially how we
managed to survive by the skin of
our teeth, through all those years
even when we had zero revenue, [1
makes me thankful for my team
who have persevered to create a
world-class product. Today, the

product  is  patented in 120
countries, Itis possibly India's most
patented product.

What were the challenges faced by
vour team while catering to a huge
demand for kits and tesling
equipment during the pandemic?

To answer your guestion, | have to
talk about oour  work In
Tuberculosis. With the help of
Officials from CSIR and ICME, we
were able to set up a similar testing
platform where we had o use
sputum  samples  to detect
Tuberculosis. Sputum  samples
were difficult to handle because
they vary in consistency and are
affected by temperature.
Furthermare, they contain some of
the most powerful inhibitors of the
PCR process, We spent a lot of time
optimising the sample preparation
techniques for sputum,
A significant amount of work went
into remodelling the machines to



suit these needs. Initially, India had
decided to implement  these
devices in about 10 locations.

At the end of December 2019, after
approval from the WHO, the
Government  of india had
thstructed e tooinstall about 1500
devices all over the country.

Thus, we were already in the
process of scaling up when the
pancemic hit the country. We were
able to-get a diagnostic test up and
running. With ICMR's help, we
were able to wvalidate the test
However, the problem was that the
global supply chain was badly
affected by the pandemic and it
became hard to procure electronics.
Even simple components like
capacitors and resistors were not
readily available as India does nol
manufacture such things.
However, despite this, we were
able to make 20 devices and
perform over 4.5 million tests for
COVID. Testing will need to be
increased due to the sheer number
of people we have in our country,
The only measures we can take are
the early detection of the disease
and preventing its spread. Luckily
for us, India had about 13 localions
when ICMRE first approved testing,
However, the TrueMat platform is
2000 strong and  is  spread
throughout  various regions of
India and therefore, is able to cater
to and reach out to many peopie
when compared to laboratory
real-time PCR.

We are happy to be part of this
process bul it shows us that we
necd to strengthen our healthcare
sysbems in times of relative calm
and not during extreme urgency.

Is you would like to share with
future aspirants wanting to
pursue this field?

In pur times, no one would support
you. We established our company
using internal funding from other
businesses, Now, the Government
of India has many grants in place

that supports and helps  fo
propagate innovative ideas and
products,

Innovation is already established
as a process and support for
innovation is already entrenched.
The only thing that is not readily
available is a means of easy
scalability but that is a whole
chicken and egg  situation.
Optimised manu facturing
technology is seen only in places
that need a large quantity of the
product to be manufactured. As
higher-end technologies flood the
market, oo manufactiuring
technologies would also mature
accordingly. If you have an idea,
now is the time to go after it

What is the importance of an
interdisciplinary mindset in
today’s scenario?

It's simple. You have a problem,
and you need to find a solution.
The solution does not have to have
a tag saving that it's from a
particular  field, say biology or
chemistry, Many problems require
us to use the best available
knowledge from all fields in order
to come up with a solution. If vou
look at the case of COVID, research
in physics is enabling scientists o
detect COVID  wsing  different
methods than those typically used
in a pathology lab.

What advice would you give to
your younger self?

Every class teaches us something
important. There s nothing that
one  completely  ignores,  Every
single moment is a learning
experience. | wish | had paid more
attention to my classes then. | had
noe clue | would be doing
something like what [ am doing
today. 1 didn't even know that 1
would come back to BITS to do my
masters, 1 knew very few people
who were sure about their goals, |
think vou have to enjoy vourself
ard yourself m
multidisciplinary learning. Things
automatically happen from then;
life always has a plan,

LT TS

After Hre start of Hie COVID-19
prncenic in Mardr 2020, the Truelak
platforsn was rapidly modified and
tested for screening and confirming e
prresence of Hie SARS-COV-2 piris in
pakient  spmples Hrough  fhe
development of Trwenat Beln CoV
E-gene screening assay and  Troennd
SARS-COV-2 fadkp erne
confirmalory  nssay.  In Septentber
2020, it s approved by e Iedian
govermment  for comprchensooe
RT-PCR  festing of COVID-T9,
Subsequently, over 2500 Truelal
inorkstations  Jave bern widely
deploged throwghon! Indin (et 1008
sites o 530 diskricts)  for rapdd
RT-PCR Kests of COVID-18.  In
recognition  of s tremendons
contribution  during  his  ongoing
public  fealth  crisis,  Malbio
Diagnostics  Private  Lintited  wws
recently horowred bl Hie
Biospectrmm Excellence Award,

Writen by Muskan Kansal and
Venkateshwaran



11-L:tldu1 :'|J.1'I[‘F'-:’J_I.J]“-'~ hLE thcﬁa
in Jurassic Park{1993)7
Is ‘quantun science” the Mt
century equivalent of the

word ‘magic?

Are scientists magicians witha

[}iptal‘lr; and electron
microscopes inslead of
am:ls?
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GA

Directed by Andrew Niccol, "Gattaca’ was a He Jiankui, a scientist from China was the first
film way ahead of its time, Not only does it to attempt gene therapy on babies even before
e:r.p]m‘e the limits of science but also raises they were bom ie, on embryvos, He tried it on
questions about the ethics of such practices, ermbryos from parents where one of them was
DNA of an organism holds the information -__. HIV positive, The rationale for this process can be
for its development, growth, and death in the *=®  understod by imagining that your body has
form of genes. The movie explores the .'l'—l ® multiple doors and the virus has a key to just one,
possibility of modigying DNA while family @ This door is the CCRS protein, He Jiankui deloted
planning to produce so-called perfect humans. &7 the gene which codes the protein from these
This is accomplished by removing genetic g @ embryos, therefore replacing the door with a
defects and modeling bodies with superiofn @@ wall. The virus canot infect the babies now.
physical and mental capabilities. Fugene’s  ®F%®  However, the COR5 protein has other functions in
character in GATTACA refers to eugenics, a .ﬂ. the body, These funclions could now be

major theme in the movie that involves o s hamplered in the babies, Apart from that, making

practices that aim to "perfect’ the human race g @ odits in the human embryo is a very risky
and exclude people with the supposed inferior @e——@  process. The tools might end up editing the
phenaty pes or genetic charactenstics. '-T.' wrong gene, which can prove to be very lethal. He
E g liankui's venture was met with severe crilicism. He

r e
What is gene Hmraf'}r' ..—'. wak sentenced to jail for three vears. He was also

Scientists  have identified more than one ® cteipped of his rights b conduet research again
thousand — genes  that  make individuals g @ Two of the babies were reported to be bomn

susceptible to cortain diseases. Gene therapy s @—v—Ho @ healthy; however, one was borm without the
the practice of mm:hf'g. ings the DINA inside cells b0 i—7=8 :

edited ETICE,
cure disorders, In certain cases like cystic fibrosis, .. o
the individual does not have a functioning CFTR. =" 8g Are we ready for the
gene, Gene therapy can be used o place the g—vu—@ repercussions?

correct sequence of DINA into the cells, thus

: h S
enabling the lungs of the mdividual o funcion § @ u%mrrr:?pi?mmg;ﬁrﬂJﬁfh:lﬂp;nlrlllhfE
: : 8 5

Eeppely apein. b Aeoe Themapys e s l—l. decades, But the cost of such a technobogy canmod
cancers, a gene that can cause the cancer cells to .!. b bt N b el by e
self destruct or stop it from muliplying is =@ rnge of human characteristics including
include CRISPR-Cas. #incfin g:qnm]mp}' @ g  persomality traits, physical build and so on. In
E: = and T AL.E['-E ﬂaeﬁl:sE:Ehul o o ® the dystopian picture that Gaffaca paints, the
it i : 2 rich who are able to afford gene therapy make
therapy was in 198%, where a virus was used asa “g_ g 2

1t _ biced s e . e babies more likely to excel in society, thereby
ool ti cure aﬁﬁer&*mm ined Immunodeticiency, 8 ¢S inrreasing the economic gap between the rich and
e R i ' .I .. the poor. Individuals with edited genomes are

Perfect Humans? o——=@ known as valids, The rest are known as invalids

Perfect humans would mean altering genes to @——@  and are often poor. We see a dystopian saciety

remove any disabilitics caused by the genetic l._. where the invalids are not allowed to become

makeup of an incdividual, thece can inchade .!', scientists or mlgimm Recruitment for jobs. are
Aoeochors g as myopia and heart @——@ MM evaluations of the genome by sequencing
@ DNA from a strand of hair. Thus, for gene

diseases 1o downs syndrame, In certain cases, o |
muowdifying vour genome might even make you b AN e Sk oy AR At
Bt = i= much lager than the technical

less susceptible to viruses like HIV. 1n the last 8 1 _ z
three decades, scientists have identified multiple @<= . challenges. We see the story of our protagonist

b s an invalid trying to pose as a valid to follow
genes linked with disorders like heart diseases, p——g
diabetes, obesity, alzhinwers and even deprﬁﬂmn .'__. his passion. In one hour and forty eight minues,

However, eliminating these disorders from the ’d"“dmw Niccol hes -given a scrupulous s
human genome is not a reality vet, especially into a world where "your DNA is you' along

s A et s T corist besan: with a mind grappling storvline. A must
" SRS T EEREE 5 watch to understand  how science 8 much

more than we thought it is.



JURASSIC PARK

Jurassic Park, directed by Steven Spielberg, is one of our
all-time-favorite scl-fi adventures. However, it remains more of
ficion than science Let us revisit how a dinosaur was built
according to the movie. According to Mr. DINA from the movie,
masguitoes that fed off dincsaur blood were preserved in
tree sap that fossilized to form amber, Nest, these
tossils were tound, and dincsaur blood was
extracted from them, Then, the scenbists
abtained fragmented dinosaur DNA
from the blond, which was then
paitched with parts from the DNA of -~
a frog The complete genomic |
seyjuence wias transferred o the
mucleus of an egg, Lo and behold,
you havea baby dino. Except you

Death to Life- is the blueprint
enough?
The mesrest we have been o bring, an oot
back into life was the
revival of the wild goat Baomdn, in 2008, The
goat wend extingt in 200, however, i cells
wiere preserved, Reprodudive physiologists
lexd by Joset Foich replaced the rudd of the
e of related goat specses. with the
nucleus of ek and mplanted them
into the uterus of the goats, All of them
rtscarried excepd one which was able o
carry to full ienm. The neswbom bucando
died 10 rmmwates after its birth because

e

But could we have Dino DNA

don't  have the enormous of adeformed hing,
amount of hack and  the i The Lamms Popd n 203
gigantic leap of science that Though Paleontciogists disaover bones and teeth atternplecd 1o bring, Rty

of Dinceaurs all the time, it wasn't until 2005 that
Mary Schweitzer could extract soft tissses from . the

enabled it. Slrs( a pastricbrooding which

becanme extinet in 19683 back to

Blood From renains of a T-Rie. She and her feam wene abide to extract lifi, They carmied out somatic
Mosquitoes Hood vessels preserved between the bones. In 2000, Jack B ool nusclesr trarsfer (GONT),

Homer, a renovned paleomiologist discoverad what might which involves “’PI*""]-“E a
[IMA Fronm blood obtained have been cells within calcified cartilage in the rerains of a

distortly  related  spedes’
rickeus with the edinc
frogs’s  mockaes preserved
from the 1906 They were

herbivorous duck-billed dincsaur Hypaovsaiens sieingen, On
dhoset obeervation, dark condensed  symimetrical struchures
resernbling chromosomes were discovered. The soentists
befieve that the daomoscrme structune 15 not from the: Fe o tu of
metaphase of an actively diviching cell but from the o~ - ;ﬁmﬁsmﬂ”“'ﬁm
mnitial stapes of cell death called chondroplosss, :"_ contained the genetic material
'|-"|"|'I'E'I'E' ‘;Imll'ﬂ.l' sinactures  are |l.'.IL|:I'Bj ' Y 'IﬂH'EEﬂJ.I‘I'IfI‘IJE. |ﬂﬂ'IL‘ILE"I.-'_.i:I

fromn mosquitoes cn be
msclaben] for upr b b s
after feeding for fomersic
analysis. However, blood
decavs 5o fast that when
ks i jan i your room, i
wold be unmecogrizakile

after a couple of woeks However, the scienticts have not tried o ._.__- works perfecly we would
Fossibization is known ﬂkﬁﬂwmﬁasjliﬁ-lﬂmhrbb&r-l bave had the extind frog
w degrade  post hﬂﬂ\ﬁﬂﬁmﬁﬂﬂﬂmmﬂ}*’ —= jumping around now yet here
complex  organic donot have the technalogy toextract », -__—_-' wearegdebrating over amass of
moleauks due o it without casing considerable  * @ ol
! L2
the: hizh danage, & s Abuildingcarmot be built from
temperatume and e —t- blueprint alone You will

Hence, the  preservation of & coordinators, masors, elc, along
bhood imside mosquitoes seemed impossible until 20013, Dale with the raw maserials optimal
Grevriwalt, a Dlochemist, discovierod a-26 million old mcsquio to for that building {yvou can't build a el house with concrete),
have: blood probems irside it Found near Montana in the LS, the Simnilardy, though the genetic code i a blueprint, the genes cannot
micsqquito was preserved insand, and Ceeenwalt descriibes tasa control the machinery of the exg unkess the comact physiological
rare combination of conditions such as lack of oovgen and e and chemical conditions aremet, These comditions are unigque for
layer sedimentation that enabled such a high degree of  each orgamism. Which is wivy no mater how hoard some of us
preservation. A heme group fa blood pigment) was detecod  igh, we canot be surogates for pupies. But Jet's sty we manage
under a socondary son mess spectrometer. Howewer, obiaining 1 achieve the right condiions, by microcontrolling the
LA would be technically impessible as the hal-ife of DNA B arwimiment of the womh, We miigrht spend millions of dodlars to
reported 0 be near 521 years Patching up a DNA strand  brirg an omganism back into fife just o watch it struggle to survive
dlegraed mio tirmy bits ancl fragments of a few 100 base pairs 10 and probably goextinet again, The reeson for them going extinet
builel an organisan’s entire genome & a herculean sk Tmagine o probabily the unfivourable erviorment or disturbances in
shreddinga plain Ad sheet mboa milion peeces and then pulting it their ecosvstermn. These problems are ot solved by geretic
hack topether in the eact positions as it wasearlier. engrineering

. _;lnxdmrl'ata:ﬁaﬂgna:'rs,



NCEPTION

Written and directed by Christopher Nolan, this
movie i about hijacking into dreams, modifying
them and influencing the thoughts of the dreamer.
It myighit seermn very fictitious with no conmection o
sdence at all. However, in recent years, fucid
dreaming has become an interdisciplinary feld for
mourobedopists and  peswchologsts alike
Manipulating memories has been extensively
researched, especially to belp people  forget
traumatic events, Let us explove whether we are
capable of inception yet,

Understanding Dreaming

Direamning isa part of healthy sloep. Studies show
that dreams often happen during the mapid eye
movemnent (REM) segment of the sleep. Lucid

dreaming is when ome is aware of their
dreams and can make conscdous
decisions in them, Luckd dreamers
CXPETIETION  CONMSCIOUS  AWaITTess
while still showing signs of the

REM sleep cycle. In the 20th and

st century it has been used as a

bl b L"!k:.j.':il.'lll‘l'_' creative freedom
anwl self-introspection You even
ternd fo remember these hueid
dreams more  offen than
mon-fucid dreams.

wal»

The key 1o locid dreaming
lies in the ability to realize

that one is in a dream.

This can be done using
cogritively fraining your
mind in  ways o
differentiate dreams and
reality. For example, people
develop a habit of pinching
themselves when awake so
that they can differentiate
between dream and reality, while
they express the same habit in their
dream.  Other ways  include,
maintaiming  a  regular shkeep
schedule, keeping the room dark,
usingg the bed only during the
designated sleep time etc. There also
exists  cortain  devices like the
Reme  shep  mask  which
cormmumnicates o the wearer

by flashing & LED lights

Science of brain manipulation
Most af your memories from chikdhood are
not mally incdents vou remember from
your experierce rather what you believe
atter somebody narrated the mcident to vou,
such as the first day at school. Misleading
information can be planted into the brain
and can  influence  future actiors.  For
cample, in a sudy in 2008, when the
participants were fold that they fell ill eating
acertain food ttem in the past, they tended to
avoid the said item in the present. Hypnoss,
whese neurcacience has been studied more
extensively  than  cognitive  memory

manipulation shows that certam areas of
the brain incduding those for motor
control show varied activity from
regular brain activity expiaining
the involuntary experienoes.
Auditory and optical stimuli
along with context have
been known to trigger this
switch in the stale of the
brairy however, the exact
mechanisms and reasons ane
stll unknown  The dream
architect in the mowvie provides
these audio and visual signals
sel i the dream 1o make the
dreamer more susceptibie to the
manipulation.  Scientists have
also used optogenetics  to
- implant false memories in
mice, Clptogenetics 15 gemetic
mindification neurors o be
simtive o light  These
neuroes were inserted  into
the hippocampus, a part of
the brain which is responsible
for leaming and  memory,
Upon manipulation, the mice
recalled unpleasant expenences
(shock) at places where they
previously had o sach
”’“Fm_m:“' " WHAT DID )
S \YOU boR-~
GREAMING TS ' ST.-i'!n"ED IHI

AMATTINE ALY RO
1r ENJOVED m'm:l BY CHOTCE

FEEE WﬂFI-DIN '
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Can you get stuck in a dream?

According (o the movie, ime passes slower in dreams and
when vou have a dream within a dream, time passes even
shonwer in the rwesct bevel and so on, undl it & so slow, hat vou
fimish Irving, your entire life in it before your alarm rings in the
real world, resulting in your soul being lost.  However, in
reality, this is not possible as time does not go slower in
dreams. This was verified with lucid dreamers keeping a
ount in twir dresms which matched with the real oo
counts. We foel the dreaimns are shorter berause we dream
ondy during the REM cyde. Dreams can only last as bong as
vour REM cvde lasts which is around 90 minutes under
normal conditions.

False Awakening

When lucid dreeming, all your dedsions and actions are
withing the dream, sometimes even the dedision o wake up.

For example, that one time when you dreamt that you woke
up and gave a test while you were sleeping in reality.

This might result invou feeling trapped. Lucid dreamers have
to be aware of the surroundings that they fall asleep in <o that
they can picture it during the dream to faclitate waking up.
This is similar to the concept in the movie where a dreamer
st simultanecusly falls in the dream and in reality to wake

up.

Reality of Inception
Techniques for manipulation of memory exist cumently,
however none exist with the sophisticated mechanism as
demonstrated in e mowvie. Designing the dreamscapes, with
a dream architect does not go with the spontaneows creativity
in matural dreams. Presently, we onby kanow how o influence
a person and their subconscious by hypnosis. Hnbering
ancther person's dream and making corsdous descions
within their dream is ficion. Dreaming & known o be an
activity that improves cognitive abilities and refreshes the
brain than a tool for manipulation as shewn in the movie,
You may skeep soundly at night knowing that no technology
for manipulation exisis,




The long daws and rapid heating powers of Wolverine is
aftribibed o his X mutation. Logan aka Wolverine
was boem with sudh a nebation which soens by express el
when he s arsdous o stresed, His mukstions enabbe bim o
walk away from buallets firdel Into him unscathed. Soonds
like rriaglic but Jet s give scienoea chance 1o explam.

Rapid Healing:

Wound healing lsa very comiplicated process whise cellular
mieclaniems ansnot undersiood vel Ananalogy

would be o imagtine v ey e hwagee barde. Ard omee
of the witlls of this bank is blown aff, The respanse 1o this
would irvolve first I'nift'kﬂ'gqm intemnal |- s sucl] as
transport of any cash or H'lilratm-rd the bank
and thery tempararily off the willl b provend
unnecessary peophe t*nhmrgﬁmn cnuabsiche, [nmrh::-.l? this
wonld translate to constricting blood vessels to restrict the
Aow of blood info this ares, while forming a chot that plugs
the wiound. The next step woald be to deploy secunty and
the fire Force workers b0 reroove waﬂﬂmplﬂ'“}m
mitgzht have wandered in or peopledafurad in the blast

X-MEN
WOLVERI

sopde would also be deployed o remove the nasess debeis
Imrn rh: blast. This 1-fcﬂJJd be the inflammalbion stage o
wotnd Faealing where your immane cells ehlee aed lean
Hhe wwound of F{'ﬂ"-‘llc%“ bodies and dead cofls: Aftor thiat an
architect or a avil engineer would be Galled o plan the
repair, they make bloeprint of a plan mod keve markings s
to whizre and how esactly the wall st be repained. This is
ke prroviacth fackors |.‘El:|'|.|.., 1 redeasad thee st of wound which
putiche migration and division of cells in the next The
wrkers riow come i with raw iestersalts like bricks cement,
plaster etc. and start rebuiliing the wall. The bricks can be
thought of o be like cells and the wihach holds
it together as the exira cellular matrix {EL!HI}. Thecells and
ECM guide each other through chemmical a5 o b
e s st be reformed, the Sermporany
adjusments from the building ane remmioved, the elecrical
wiirings e, are restored, and the wall s lef to set and gan
strength befone making this sechion of the bank compleleh
functional again Inyoar ey, this medhanism would takse
place in the matitrabion slage.
All these stages ane coordinatid by chemical signaling
|:h=|th'r|1.r51 it very complex, For rapid healing powers
IJL' tha uz w‘nbm::. n]] thesestaces need 1o be sped up
remaming coordinated. However, the
mmﬁu \alq:lm:lm wierild be cell prolifesation e,
rapricl n:eJ] dlivision. Normally, our body produces 30,000 &
vmjmttilﬁ'[ﬁnmmmp}m the old and wark out cefls
Hosvever, o heal a minor wound, o significantly larger
ey ber of cefls rwsed to be produosd,

7

Rapid cell division

Cell dlivision & a mesult of
Traual e coordinated
beo-chemical pathway which
are controfled by |:=mlmt'5
called  oyclins W
dependerit Limt-u-, Rapid
prevhfersation has been |:||.'H!.'1.."Ed
its chemical induction has aiso II_’EI‘l
studied extensively. Hnfortumately for
us, this is associabed with: cancer and

turners whiene the chemieal inducers ang the

mmerous carcinogens that we know of, 153 s a gene whose
rnustation is observied i roughly 50% of the cancers, The pad
mene in our bodies acts a5 A repulator, and controls aell
division, The gene senses the siteeses or damages within the
cells and cabia= arvest of g pepair of the damage or if the
damagr & povond o it patises cell death or apaptosis
These: mvolve rumenis mechanisms such as regulaton of
mitricnts, proteins eie. Deletion of this gene results in rapid
prolifermtion whese the cefls now have access 1o nulrients Lo
i diviide. The miechanism of DINA repair is suspended,
thecill i now not sensittve to inbercedlular signaling and soon,
The compromise: of the repair mechanism kead o further
mutations. i the cells of the tissoe making them
nionfunctional while taking upall the nutrients from
the healthy cells and Sowly killimg you,  The
pubtion in wolvering erstres that all cells have the
sane higgh uptake of nutrents for cell division and a
LR A repmir mechamism that 8 much Gster than the
ones in our cells An ideal scemario whene set of
mutations that aliows rapsd cell division while-allowing the
repair, the sensitivity o other cells, and fster chemical
eacHons, nﬂﬁi allow vou o become ke wolverine
However, with’ ot curment understanding of - cellular
mechanisms changein even one of the factors will most likely
elisrupt this Bafance and cause the body to malfunction. The
bio-chemnical balane is deficate and cannot be disrupled.

Anti-aging
'r"rhl]-l.‘TIIJTFHDMIEFIF‘IE‘IIFHmTwwH have been studied for
anfaging, i of wolvering miore than epigenetcs, it s
ikely fo ez mpid cell divesion that
keeps him voung, Thie cellsin bis body
arn l..mll;lﬂillhf bt;‘.lﬂg..‘l:l.'ﬂﬂ:ﬂ.‘l al o rabe
much faster than @ nammal aman,
Herce, when old cells ane
contimuausly, the effects of aging such as
wear and tear of ofd cells,
of thir ECM in the obd colls are o
lorger  observed.  This,
wolverine's: body 5]1:15\'!! o
sign of asing owing o his
cells always being young and
mew, Thus one muation wor'l
make you wolverdne. You will
need  fo change  vour  entire
biochemical balance b function [ilke
e winshverine's colls
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with Dr.

Ra] deep Ciﬁ]'-l.-'ulm is a platinum based drug and is one of the parent
drugs for multiple tumours as well, Generally in case of tumours
ChDWd-hurY one singke drug is not given rather a combination that targeis
different cell responses for example, a drug A may show
significant effects but at the same time it switches on certain
pr-.'-l- ins that throw it out of the cell. Hence you need another drug
B and likewise cisplatin might be given with different dry ugs for

the maximum efficiency, Sinc '-:.1I.u research is nol a clinical one
and is beine done on cultured cells that were extracted from a

patient suffering the disease, subject it to the kind of drugs that
would generally be miven to the patient and one of them was
cisplatin

When a patient is diagnosed with cancer, chemotherapy is
recommended and in some cases the patient reacts very
proactively in the initial stages and a relapse is observed; that i
the same dose of drug do eem to work rather a higher dose
is required and this harms I:|‘||.' other living cells as well. What we
learn from this is that these cells go into a dormant or sleeping
state and stav there as long as there is acute drug pressure. After a
few months they come back and repopulate the fumour! 18 is |u 1be
a smart and evolutionary way that these cells undergy

research group tries to figure out what are the mole cular reasons
behind the toleramce towards drug pressure,




Cxteparcoma o bone cancer s
mostly found in children and even
in adults and s offen meated with
toxic choses I'-.]_"|.'|I|‘.I which tells
us that these cells somehow are able
oy withstand the lower doses and
thus
Hindrances to its therapy,is in the
ability of these cells to survive

|'|1;.';|‘.q:." doses by modifving itself

¢ il Promsmg  oulcomee

I:-| LL®

into a dormant state, So in shord, o

matter lhow much vou increase the

diose the colls mas acle ik,

We bried to simulate the clinical
Iy > cirug had been

Bive the majority of the cells

wollld die he ap 3

remain are the

eled "7

hibernation phase and after a

ronths come back to repopulate the
tumowr  they would  be the
"Extended Persisters” (O5-ETM. Had
it been a clinical trial, the patient
wiuld have undergone another
rovnd of chemotherapy a bil highe
dose this time and the |_':l.'|"||._' i
dormancy and prodiferation
conbinues, After repe: such

cycles the cells that emerge turn out
oy be resistant to that drog and are

termed the " Fesistant™ (X oAl
the fourth ome is the
the i drugged

COampa
l..-:l.| |l.'1.|
[This REMA s
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us and then we Compares this data
with the already available data on
the entire human genome and we
get the tags to which section it
represents. Then we do Dsec o
ditherential expre ._'||'|.'||:-, sig and
this helps us concly what kind of
proteins are in higher concentration
or are upregulated and what are
downregulated between say |
trol test case amd the persi
test case. And then there are
that tell wus  which
mical pathways these
belong to and other

information

Fhioto '|,'.~_'.' MITH

Thas image shows an esfepsareonta cell
witit DINA 1 blue, energy factories
(mritochondrin in yellow and

achin flaments, pert of the eelindar

sweleton, in purple,




Cancer Cells
Photo by NIH

Some of Lthe features we have observed that cells can tolerate some amount of
acute drug pressure, they go into a non-dividing phase when they are
tolerating it We figured certain pathwavs which might be instrumental

We have a big set of data which we need to validate experimentally as they
are markers and there are aspect we are looking into, one of it is epigenetics.
We understand that this is not a phenomenon which is like heritable rather it
is an acquired change in the genome or as we call it epigenetics. Hence,
targeting the epigenetic modifiers which can regulate the geretic material
might be a pood approach along with primary therapy e cisplatin,

S0 we deliver cisplatin along with a drag which won't allow the cell to go
into the mode to change its chromatin and survive that tolerant state. We are
at the initial phase where we have done those transcriptome analysis and
now we are looking into epigenetic targets . We would like to extend our
research bevond osteosarcoma, What we understand from existing literature
i# that similar research is also available all over the web, it's a competitive
field. Marry classen groups are researching it ,working in similar fields and
tryving to identify the target which can be the most sensitive to these tumors,
Finally | would like to say thal there are reports which say that after a drug
pressure a single cell may behave differently compared to its peer now
people are doing these experiments from a single cell genomics aspect.

It has been observed Lhat
many times if a patient is
given a particular drug and
15 kept without a drag that
i5, EIVEn a L'lrup, wvacalionm,
for  example a tamor
patient visits a clinic, we
diagnose the cancer and
treal it with a particular
drug. We get the resistant
cells and sav these resistani
cells are the ones adapted
o the drug pressure.
Cruring the drog pressane
they wmay show some
adaptation, sav,
epigenetics, to resist the
drug pressure. When
don’t treat it with the drug
spmetimie and  then
introduce the same drug
fater, we notice thalt the
cells lose their adaptability
and succumb b the zame
drug. This signifies this is
mid a mutabion ar
permanenl feature  of
cells.These  cells are
dymamic 1o the situation

W

for

Written by Aryvan Charak
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NIEVY
SPECIES
MEM ‘Ju

a&

Ennjeea arenicola

Carolina sandhills salamander Can be
found in springs and backwater rivers
af Morthern Carolina With crimson
red scales, it s easy o spot. Thoogh it
had been spotted 5 vears ago, it was
believed to be an endomorph of similar
satamanders found in the ansa.
However, after mitochondrial DNA
and muckear DNA analysis showed that
this litthe gy s not related boy any of the
spevies in the same area, hence being
declared a5 a new species in 20210,

T:;fmmphytm karasense
Tlm-: plant is an evergreen dwart shrub,

| which grows in the and remons of
gz southern MNamibia, It resembles some of
Eay = the cacti spedies and has scaly and fleshy
bl -F‘ . . leaves that belp it to survive the harsh
- .1.3.? conditions of the desert. Fewer than 1000
Tl | individual plants of this species have been
) found so far in the same area, hence being

S dedlared as a new species in 2020,

CrediE YWeassd Siviie N, W




Oreobates zongoensis
The devil eved frog, a species spotted only
onoe ety yeors ago, was found in
incredible abandanoe by a scientific
expedition in the clowd forests of the
Bolivian Andes. Discovening the black
fro with rexd eves had beena pleasant
surprise, bor it was believed o have been
wiped out when a hyvdroedectric dam was
burilt iy its rurmoured place of residence.

: Loureedin phoenixi
" I. 4 ;,r [he Louresdia phoenizd, belongs to the
Mgz Loureedia family named after punk rock
artist Lou Reed. This new addition o e family
howvesier stands out because of the bright whibe and ned
markings om its back which resembles the Joker's grin
fromn the 200% movie, which is why it is named in
oo of the Joker's actor loagquin Phoenix, Spiders
belonging o this family show some unique traits like
buibding communal nests and caring for the voung,

o,

Teguia Kusairo
A speoes of edible snails
called Tegula Kusaino
wias discovered in Japan.
These marine snadls have
shelks that are
brovwnish-green with a
white or vellow
undersicle, They mainly
infabit the shores of
Japan and South Korea,

Trimeresurus Salazar
Thiis is & venormious pit viper, is namd
after acharacter from the famed fantasy
fictiow, Harry Potter. [bs digt inclucdes
rodents, lzands and other small mammals,
This snake is nocturmal and is found to be
coibed around shrubs at night. Itis
characterised by a beatiful rusty-ned
stripe along the face that continues all the
way dosam its side.

L o
LU L L

Trachypithecus popa
The Popa Langur has Huffy fur, white §
eyerngs, lithe back "gloves" anda
crest of fur on its head. It has boom
alive on earth for at least a million
vears but sadly was found to be
facing extinction soon after it
disconvery. There are fewer thai 250 of
them keft and are mainly leaf-caters
knowvn for the distinctive evepatchis
and grevish fur,

Credits: The Senithsontm Mgz
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PANDEMIC
rague ot snens. 3 ves [ NFOGRAPHIC

Antoning Plagus, 15 years Diseases have been prevalent in the
human population since the dawn of
lime. The emergence of a pathogen

Flague of Cyprian, 13 years  and jts eventual eradication is
something that has been observed

Plaguwe of Justinian, 8 years  0ver and over again. We bring to you
a crisp history of plagues and what

we can learn from them,
Black Danth, T yancs

The Czremt Plagos of London, 1 yesr

The Great Plague of Marssille, 2 years
yulbow Fover epidernic in Philsdelphia, 1 yoar
Axintic Dholers Pandasmic, B years

Third Plague pandermic, [0S years

Aminn Fla, 2 yoars 5
N, AT

Fiji Mensles Pandemic, 1 yesr
i

Russian Flu, 18 months III'

Polio epidemic, 40 yvears

The Spanish Flu, 2.5 yoars

H2MNZ Pandomic; 18 months "u,.t.

Hong-Kong Flu, 2 years

The Alds Pandomic, Presently ongoing

SARS outbreak, 1 vear

0E-EBwine Flu Pandoemic, 1 yoor

Clamenl Au ({MERS), presontly ongoing

Epldomic of Eikn fever, 1 yoar

COVID-18 Pandemic,Presently Ongoing



Death Toll of Various disease outbreaks
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Data on pathogens
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It was often noticed that the pathogens were either carried around trade routes or spread by way.
The spread of diseases became more rapid as our transport facilities got better.

Mame
Antonine Flague

Plague of Cypaian
Plagus of Athens
Flaguse of Justindan

Black Death
The Great Plasge of London

The Great Plague ot Marsaille

vellow fever epddemic m Philadelphia
Asiatic Cholera Pandemic

Third plauge pandemic

Askan Flu

Fﬁi: Measels Pandemic

The Russian Flu

Polio epidendc

The Spanish Flu

HEME Pansdermic
Hemg-Kong, Fiu

The Aids Pandemic
SARS putbreak

2000 Swine Flu Paswdeanic
catne] MuMERS)

Epidamic ot Jika tever
COVID- 19 Pandentlc

Cansa

amallpox or measles

suallpos, pandemic influenza, and
viral hemorrhagic fever

30 different pathogens identified

Bacterimm Yersinpa peskis
Bacteriuin Yersinka peshis
Bactormm Yersmia peshis

Bacterum Yersink peshis

Yelbomr -beves-virus
Vit claolermie bacteria
Bacterium Yersing pesiis
influienza A (HXNI)

Sleasels virus

influenza A virus subtvpe H2NZ
entarovirnses

ASHINT mfluenza vigus
mfluenra A (H2NI) virus
mfluemnza A (H3NE) virus

HIV

SARS CoV.1

influenea A (HIND) virug
MERS-CoV

Lika virus
SARS-Col-2

Locanom
Rome

Eurompe

Fome

Mediterranean Basin, Europe, Mear East
London

Westem Europe

ATeTica

India, Myammar, Sri-Lanka
China, Hong-Kong, [apan
China

Fiji

Russta, Eurasia
LS/ Cannadla
Europe. IS, Asia
East Asia

A=l

Worldwwide

China
World-wide
Arabian Peninsula

Brazil, Morth-Amverica, South- America
World wide



Earth, which is home to a large number of organisms, has not just promoted a competitive

environment for the ‘survival of fittest’ but has also seen one organism taking inspiration
from another to improve survivability. Building on this is the budding field “Biomimicry”
which takes inspiration from nature. Biomimicry not only aids in creating new products and

processes in a sustainable manner but also helps overcome design challenges.

Try and match the invention to the biological
inspiration before we start off!

Surgical Superglue Lotus
Dew Collector Slugs
Super Dry Surfaces Spiders
. HumanEye
Bullet Train : .
Bromeliadplant +Spider
Wall Climbing Padls Geck

Nozzles of inkjet printers




Fixing ‘broken’ Hearts

One classic application is the surgical superglue
mimicking slug slime. Patching a hole in the heart or
lung is an onerous task as they are wet organs and are
constantly in mild motion. Conventional surgical
adhesives are not sticky or flexible enough to work

on such wet tissues. For a long time, researchers like
Jianyu Li have been looking for a solution.

Inspiration struck when they analysed the mucus
produced by slugs. This mucus is produced as a
) defensive response and allows the slug to glue itself to
wet surfaces. While usually there is a trade-off
between flexibility and strength, this defensive
mucous is not only sticky but also is highly stretchable
and strong. A research group from Harvard
University took inspiration and made a surgical
superglue and the formulation contained two lay-
ers where one layer is made of polymers bonded by
strong bonds and the other layer is a hydrogel.

Combination of these two layers conferred strong and
satisfactory adherence to tissues without triggering
any immune reactions. Further research focus is on
creating substances that would eventually disintegrate
in the body once the organ has healed.

Water, water, Anywhere

Another great example is the dew collector that has been created
keeping in mind the bromeliad plant and spider webs. Brome-
liads belong to the same family as the pineapples. They have
small hydrophobic cellular structures called trichomes on
the epidermal cells of their leaves that allow them to absorb
water and minerals from the leaf surface. As one goes closer
to the epidermis, these cellular structures converge to form
a collection tank which helps to trap water effectively until it
is absorbed. Spider silk has also long fascinated scientists with
its high tensile strength and adhesive
properties to be mimicked in bulletproof vests and synthetic
adhesives.



Spider webs typically consist of two different types of threads namely, the radial threads that radiate out
from the centre of the web and the

spiral threads which connect the radial AN ! \ A | i f \ A #

threads. Previous research has shown Y N - - 4 )

that the radial threads are significantly

stronger than spiral threads as they are

thicker and have a different chemical

composition. Physicists, Yuko

Aoyananagi and Ko Okumura, who \ 3

investigated the structural properties of '
spider webs discovered that, for a
typical web, spiders could change the
number of radial or spiral threads
without reducing the overall strength

of the web. Most elastic materials when
damaged, experience a redistribution of
forces, and a lot of stress is

concentrated in the damaged area.
However, they found that the overall
strength of the web and the distribution
of forces in it remained unchanged even
in case of damage. |
Inspired by the above stated L
phenomena, a team of scientists from '
Mexico adopted this approach to handle /
the problem of water shortage in their /
hot and humid hometown of Yucatan.

They created a model for a dew and / L
rainwater collector which consisted of 3
parts: a bamboo frame, a water collector ,
and a water tank. The contraption, called Bl

Chaac-ha, is able to collect at least =

2.5 litres of water per night and up iy

to 50 litres of water during rains. The — .

water tank was designed similar to the

trichomes in bromeliad plants. The water collector was made out of Teflon which is hydrophobic,
bacteria-resistant and flexible. The supporting structure for the collector was designed based on the radial
distribution of forces on the spider web. During the night, dew forms on the Teflon fabric and its inclination
allows the water to fall into the tank. The same applies for rainwater.

1 -' | Dt warer storage
N 2 Roin water storoge

)/ 3 Teflon fabric

4, Dew woter valve

5. Overflow

8, Rain wafer valve

1. Water duct

T —

o -i
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Super-dry Surfaces

The concept of “super-hydrophobicity” - the tendency of a surface to
repel water drops - has inspired the scientific community in many
ways. A real-life example of super-hydrophobicity is the property
exhibited by lotus leaves towards water. Surface studies reveal that
the lotus leaf contains tiny spike structures along with a waxy coat
complementing a super-hydrophobic nature which rolls off water

and dirt. Scientists have tried to mimic such surfaces for various

applications like super-dry surfaces, antifogging mirrors and displays,
self-cleaning windows and panels etc.



One of the leading applications is in the biomedical arena, where they can be exploited as substrates to
control protein adsorption, cellular interaction and bacterial growth, as well as platforms for drug
delivery devices and for diagnostic tools. Modifying the surface using nano textures has opened up
avenues in creating desirable surfaces for tissue engineering. Protein adsorption onto a biomaterial
surface can be tuned by fabricating the material with the appropriate surface roughness and curvature.
Increasing the air between proteins - surface interface by incorporating a hierarchical structure has
shown promising effects. Since there is prevention of protein binding, cells also do not adhere and
proliferate on the surface. This property can be used to suppress bacterial adsorption and growth on
medical implants thus preventing the formation of biofilms. Preferentially patterning the surfaces on a
biochip can now allow select regions to remain superhydrophobic, hydrophobic and hydrophilic
defining regions with different wettability to favour adhesion of molecules and movement of fluids.
Superhydrophobic surfaces also provide useful platforms for supporting and handling microliter-scale
droplets commonly used in many diagnostics, especially miniaturized point-of-care devices.

The Human Lizard?

Climbing over walls isn’t just Spiderman’s forte anymore. Inspired
by the gecko, Stanford engineers came up with this ingenious
design that essentially allows a human to climb up a glass wall.

Studying the biomechanics of a gecko’s toes, they created a

device that spreads large loads evenly across every patch of the
synthetic adhesive they designed, allowing it to support a
person’s weight.

Each of the handheld ‘gecko pad’ is covered with 24 adhesive
tiles that have sawtooth-shaped polymer structures, each being
about 100 micrometers long, which is approximately equal to the
width of a human hair. Special springs on the pads apply an
identical force to each adhesive tile when they’re pulled on that causes
these structures to flatten. So when there isn’t any load only the tips touch the
surface and so they aren’t sticky but when weight is applied, the wedges turn
over increasing the surface in contact creating an adhesion force. With this
repeating cycle of load and no load, climbing is actually possible. Further, this
invention could be used for creating robots that could lift heavy glass objects.
The possibilities are endless.

The Silver Bullet

Another instance of biomimicry is the design of Japan’s
Shinkansen bullet train that many might know is based on the
kingfisher. The Shinkansen was the fastest train in the world
and could reach a speed of up to 200 miles an hour.
However, it produced a lot of noise and would abruptly
change air pressure when emerging out of tunnels,
producing thunder-like sounds. The train’s chief engineer,
who was a birdwatcher, came up with an innovative
design wherein the engine resembled the narrow profile of
the kingfisher’s beak. The resulting design made the train
quieter. It also consumed 15% less electricity and moved 10%
faster than before.



Crawling to safety

When it comes to places that are risky or tough for humans to

get to, spider robots may provide a convenient solution. Spiders
have a peculiar way of moving in which they keep four of their
feet planted on the ground at all times and the other four turn

and ready themselves to take the next step. This allows efficient
movement even in places with a lot of obstacles. Based on this
property, researchers at Germany’s Frauenhofer Institute created
the prototype for a spider-like robot that does the same and uses
hydraulic bellows to move its legs. They have planned to use it as
an exploratory tool after natural disasters or reactor accidents to
assess the situation by tracking down hazards or leaking gases and
broadcasting live images.

3D printers can be used for producing these robots which will have a modular design,
thus allowing for quick assembly. They could even be specialized based on the purpose
they will be used for by fitting them with appropriate sensors and cameras.

Unclogging our Images

Inkjet printers are able to print images on paper using
dropper-like mechanisms by depositing microdroplets of
ink, through a nozzle. A processing unit is responsible for
the control of this deposition and that along with the
superposition of the various color droplets gives us the
desired image. Now, ink might dry up on this nozzle
leading to clogging causing a malfunction.

Initially, this problem was solved by releasing a burst of ink
so that the pressure would displace the dried-up ink but
this was a wasteful and time-consuming approach.

Later on, it was noticed that the eyes also face this problem
as they, like the nozzle, cannot be left to dry out but have to
stay open at the same time.

Here, the problem is solved by having a
thin film of oil which prevents the layer
of tears from getting evaporated. Jae Wan
Kwon, associate professor at the
University of Missouri, used silicone oil
to cover the opening of the nozzle when
not in use. In the eyes though, this oil is
applied by the eyelids but at the scale of
the nozzle, mechanical shutters wouldn’t
open due to surface tension. So, he
utilized an electric field to easily apply
and remove the oil droplet thus creating
the clog-free nozzle we use so often.




Octopuses- Too Tenta-cool!

The octopus, one of the most fascinating creatures to exist on this
planet, is an invertebrate which has evolved a form of higher
intelligence over time. This creature has one of the highest
brain-to-body ratios for an invertebrate. Interestingly, two-thirds
of its nervous system is in its body allowing its arms to perform
independent actions from responding to pain to grabbing

objects.

Perhaps, one of the most impressive feats of neural control is

the octopus’s ability to camouflage. They have sacs in their skin
called chromatophores which are full of coloured pigments like
black, brown, orange, red and yellow and their skin has
projections called papillae whose size is neurally controlled by the
octopus. Researchers compare the papillae to pixels on a screen as
the superposition of many papillae of varying intensity generates texture, like

pixels generate images. Their skin can thus form all types of textures ranging from small bumps to tall
spikes allowing most octopuses to change the shape and colour of their skin to blend in with the external
environment.

Taking inspiration from this, James Pikul and Rob Shepherd developed a skin-like material that can
inflate and expand into different shapes. It was mainly developed for use in Soft Robotics, which, as it
sounds like, involves the creation of useful robots that have high flexibility and adaptability while
performing tasks, coupled with minimal capacity to harm human beings and other living creatures. These
materials have also been used for camouflage suits and in many tech interfaces.

Looking Ahead

Biomimicry illustrates that the answers to many
challenges lie around us and all that is required
is keen observation, inspiration and vigour to put

functional and eco-friendly
of nature as an inspiration to
w ‘Biomimicry” has
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Mame : Comirnatyv{Pfizer)

Type : mRENA-based vaccine

Developed By : Pfizer, BioNTech; Fosun Pharma
Country of Origin : Multi-national

Authorized for use in: Albania, Andorra,
Argentina, Aruba, Australia, Bahrain, Bosnia and
Herzegovina, Brazil, Brunei, Canada, Caribbean,
Chile, Colombia, Costa Rica, Ecuador, European
Union, Faroe Islands, Greenland, Hong Kong,
Ieeland, India, Iraqg, Isracl, Japan, Jordan, Kuwait,
Lebanon, Liechtenstein, Macao, Malaysia, Maldives,
Mexico, Monaco, Mongolia, New Zealand, North
Macedonia, Norway, Oman, Panama, Peru,
Philippines, Qatar, Bwanda, Saint Vincent and the
Grenadines, Saudi Arabia, Serbia, Singapore, South

Africa, South Korea, Suriname, Switzerlamd, Tunisia,

Turkey, Ukraine, UAE, UK, US, Vatican City.

[N BN NN

Name: Moderna

Type : mRMN A-based vaccine
Developed By : Moderna, BARDA,
AT

Country of Origin : U5

Authorized for use in: Andorra,
Canada, European Union, Faroe
Islands, Greenland, Ieeland, India,
Israel, Liechtensiein, M-:tng::ﬁa.
MNorway, Qatar, Saint Vincent and the
Grenadines, Singapore, Switaeriand,
United Kingdom, United States,
Vietnam

Vaccine Inforgraphic

Name : Oxford, AstradenecaiCovid Shield)
Type : adenoviral-based

Developed By : Oxford University, AslraZeneca
Country of Origin: UK

Authorized for use in : Afghanistan, Albania,
Algeria, Andorra, Angola, Argentina, Australia,
Bahamas, Bahrain, Bangladesh, Barbados, Bhutan,
Botswana, Brazil, Brunei, Cabo Verde, Canada,
Chile, Colombia, Congo, Costa Rica, Dominican
Republic, Ecuador, Egyvpt, El Salvador, Eswatani,
Ethiopia, Europe, Faroe Islands, Gambia, Georgia,
Ghana, Greenland, Guatemala, Guvana, Hungary,
lceland, India, Indomesia, Iran, Iragq, Ivory Coast,
Kenva, Kosovo, Kuwail, Lesotho, Lebanon, Liberia,
Libya, Malawi, Malaysia, Maldives, Mali,
Mauritius, Mexico, Moldova, Mongolia, Moroceo,
Myanmar, Mamibia, Nepal, Nigeria, Norway,
[Pakistan, New Guinea, Philippines, Rwanda, Saint
Vincent and the Grenadines, Serbia, Seychelles,
Sierra Leone, Somalia, South Korea, South Sudan,
Sri Lanka, Sudan, Suriname, Taiwan, Tajikistan,
Thailand, Timor Leste, Uganda, Ukraine, UK,

Mame : COVID-19 Vaccine
|arssen

Type : Non-replicating viral
yieckor

Developed By : Janssen Vaccines
{Tohnson & Johnson)

Country of Origin : The
MNetherlands, US

Authorized for use in: Andorra,
Bahrain, Brazil, Canada,
Colombia, European Union, Faroe
Islands, Greenland, Iceland, India,
Liechtenstein, Norway,
Philippines, Saint Vincent and the
Grenadines, South Korea,
Switrerland, Thailand, Tunisia,
s, WEI

Information from: https:/ fwww raps.org) news-and-articles / news-articles / 2020,/ 3 fcovid-1%-vaccine-tracker



MName : Sputnik V
Type : Recombinant adenovirus vaccine (rAd26 and rAdS5)
Developed By : Gamaleya Research Institute of Epidemiology and Microbiolagy
Country of Origin : aRussia
Authorized for use in: Algeria, Angola, Antigua and Barbuda, Argentina,
Armenia, Azerbaijan, Bahrain, Belarus, Bolivia, Congo, Djtbouti, Egy pt, Gabon,
Ghana, Guatemala, Guinea, Guyana, Honduras, Hungary, India, Iran, Iraq, Jordan,
Kazakhstan, Kenya, Kyvrgyzstan, Laos, Lebanon, Mali, Mexico, Moldova, Mongolia,
Montenegro, Morocco, Myanmar, Namibia, Nicaragua, North Macedonia, Pakistan,
Falesting, Panama, Parapguay, Republika Srpska, Russia, Saint Vincent and the
. Grenadines, San Marino, Serhia, Slovakia, Sri Lanka, Syria, Tunisia, Turkmenistan,
United Arab Emirates, Uzbekistan, Venerzuela, Zimbabowe
1” -
- A

Name : EpiVacCorona

Type : Peptide vaccine

Developed By :Federal Budgetary Fesearch
Institution State Research Center of Virology and
Biotechnology

Country of Origin ; Russia

Authorized for use in: Belarus, Kussia,
Turkmenistan

(| ¥

Mame : BEIEP-Cory

Type: Inactivated vaccine

Developed By : Beijing Institute of Biological
Products; China National Pharmaceutical Group
(Sinopharm)

Country of Origin: China

Authorized for use in: Afghanistan, Algeria,
Angola, Argenting, Bahrain, Belarus, Bolivia, Brome,
Cambadia, China, Egvpt, Ethiopia, Equatorial
Cuinea, Gabon, Guvana, Hungary, Irag, lordan,
Kyrgvezstan, Laos, Macau, Maldives, Mauritania,
Mongolia, Montenegro, Morocco, Mozambigue,
MNamibia, MNepal, Niger, Pakistan, Peru, Senegal,
Serbia, Sevchelles, Sierra Leote, Somalia, 5ri Lanka,
Sudan, UAE, Veneruela, Zimbabwe

Mame : Covaxin

Type : Inactivated virus
Developed By - Bharat Biotech in
collaboration with the Indian
Council of Medical Research.

Name : CoronaVac

Type : Inactivated vaccine (formalin with alum
adjuvant)

Developed By : Sinovac

................”

Country of Origin : India ® 888 Country of Origin : China

Authorized for use in: India, Iran, Authorized for use in : Albania, Arerbaijan, Bolivia
Zimbawe Mavritius, Nepal, Bosnia and Herzegovina, Brazil, Cambaodia, China,
Paraguay, Mexico, Chile, Colombia, Deminican Republic, Ecuador,
Fhilippines.Gautemala. Nicaragua,G Hong Kong, Indenesia, Laos, Malayvsia, Mexico,
uyana,Venezuela, Bolswana Pakistan, Panama, Paraguay, Philippines, Thailand,

Tunisia, Turkey, Ukraine, Uraguay, Zimbabwe

Information from: https: / fwww.raps.org/ news-and-articles / news-articles / 2020,/3 /covid-19-vaccine-tracker
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Metals as alternates

F'o find alternatives for antibiotics or synthesize
antimicrobials, it is important 0 know how the
comventional antibiotics operate -against  the
bicteria.

Antimicrobial agents have one of two achivities.
I'hey can be either bacteriostatic or bactericidal,
As thie mame suggests, bacteripstatic implies that
these agents act 10 stop the growth, which is
dome by halting the production of certain factors
essential for growth of the bacteria, whereas
tactericidal are the ones which kill the bacteria.
Mietals essential for various cellular processes are
usually lethal at higher concentrations and hence
wsually Bave a bactericidal effect on bBackena
Especially some such as silver, mercury, and
tellurium are poisonous to most bacteria even at
exfremely low concentralions

This has probably been known sinoe  ancient
times ag gilver has been used for i ankibacterlal
properties for a very long bme. Possibly, this is
the reason why rovalties used silverware
Drinking oul of a silver glass leaves traces of
silver in the liquid that acls-as an antibacterial
Agent.

IEwag found that certainm metalsinhibit motabolic
pathways n a selective manner and kil
multidrug-resistance bacteria, Ditferent metals
have different mechanisms of actions, but mainly
the way they attack the bacteria is by leading to
profein  dysfunction, producing ROS  (reactive
axypen species) and  deploting  antioxidants,
therefore, causing oxidative stress in the bacteria,
impairing membrane function, interfering with
riikrient- assimilation or being genoloxic,

In the past few vears, a variety of new silver
formulations kave been developed to deal with
pathogenic bacteria, However, cost concerns and
reports of silver-resistant bacterial strains have
fimited the use of silvier as an alternative

The advent of Silver
MNanoparticles

The aforementioned issues with osing
gilver as an antimicrobial agent led to the
combined application of biology and
nanotechnelogy, giving rise to silver
nanoparticles as  most  biological
processes happen at the nanoscale.

Silver nanoparticles (AgNP) are tiny
silver particles that can diffuse into cells
because of their extremely small size.
Using silver nanoparticles is particularly
advantageous as compared to their bulk
counterparl  because their small size
confers a high surface area to volume
ratio that provides better contact with
microorganisms. Also, it has been shown
in studies that silver nanoparticles
restrict  microorganisms  to develop
resistance. Addibonally, while thev are
non-toxic  to human cells at  low
concentrations, they can disrupl a
bacterium’s  essential  functions, thus
acting as a bactericide.
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Comparing protein capped and bare silver
nanoparticles

For the experiment, silver nanoparticles with the protein cap were
synthesised wsing a one-step protocol.  ‘They harvested the fungus
Aspergillus, Its extracellular secretions served as the medium where
the reaction to convert silver nitrate to proteincapped silver
nanoparticles was performed. A gradweal change in the colour of
reaction medium [containing fungal cell-free filtrate and precursor
silver ions) from colowrkess to reddish brown serves as the indicator of
silver nanoparticle synthesis, This methoed is very special as it is direct,
simple, and environment friendly. Researchers produced the bare
AgNPs by centrifuging the protein-capped ones. As research on AgNPs
in medicine proceeds forward, a more straightforward and
environment-friendly way to make them will indeed prove very
helptul,

The experiment was conducted by studying the bacterial growth rate in
the cultures of three different bacterial speces. All the experiments
showed a significantly higher growth rate in the cultures that were
introduced to nanoparticles with protein capping.

[t was also seen in a series of experiments that bare AgNFPs produced a
lot more reactive oxygen species (RO5) and more membrane leakage
than protein capped ones. In aerobic conditions, it was also observed
that bare AgNFPs allowed the release of more Ag+ ions being released.
These positively charged ions form electrostatic interaction with the
negatively charged cell wall of the bacteria and moreover interact with
the bacteria in such a way that leads to cell distortion and death, All
these are probable mechanisms for the antimicrobial activity of silver
nanoparticles and so they agreed with the result of protein-capped
AgMPs not being as efficient in this abality.

It is the First study that shows the drastic effect protein-caps have on the
anti-bacterial activity of the AgNF. This research shows that surface
modification on the particles con be wsed for their functional
modifications. Regulating their activity can prove very helpful in the
future as they are further manipualated for this purpose.
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The maternal microbiome modulatesfetal
neurodevelopmentin mice
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While it is established that microbiomes housed in different parts of the body
affect our health, this paper explores how maternal microbiome can impact
fetal development, siving exciting insights into how it steers the child's
neurodevelopment. The study by ‘-r uong et al on monse models showed that
even in the absence of stressful conditions, maternal gut microbiota regulate
fetal brain metabolites that control axon formation. It also shows that the
fetal microbiome is closely influenced by the maternal one; hence influencing
the metabolites the fetus can utilize, The findings also support the evidence
that malnutrition-induced alterations in maternal microbiome can cause
reduced white matter even in the brains of adolescent and adult offspring,
pointing to the importance of proper maternal nutrition and care during
pregnancy.

Written By Gayathry Rajeev
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Imside the Animal Mind

In this series, researchers/ scientists try Lo dive
degper into the animal brain and its functioning
with special focus on their "smartness” Factor,
They try giving different levels of complex
tasks to different subject species, amd then
observe their reactions; the time taken and their
ingenuity with hope of unlocking their secrets Are Crows the Ultimate Problem Solvers?
that wi had never paid attention to before. | Inside the Animal Mind | BEC Earth
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am" BBC Earth

Panda Nursery

T'his show throws light into the efforts that are
being put to save Panda’s, the giant friendly
bears which is on the brink of extinction. 1t
shows  how  valnerable the panda’s are,
especially  the newborns, so much so that they
. ; need the care of both humans and Pandas alike.
Saving The Endangered Giant Panda | This show covers the upbringing of the Gianl
Panda Nursery | Real Wild *anda twins in the valleys of China,

i Real Wild

Our Planet-Forests

When the worlds largesl streaming service
decides o cover the remobe parts of our planet,
documenting the wildlife, Tt is something to

look forward to. This show does just that, and -
m.u-;.h-mul:-l £ fhf: scenic and l'l:!'u.:uih.a.LmH % 1:'.4-;5 Our Planet | Forests | FULL EPISODE |
are truly a treat for the eves and provides
msights into the lives of animals like Siberian Metflix
tigers and Bald eagles T

Metflix



Why Blue Whales don’t get Cancer- Peto's
Paradox

Cancer has plagued human beings since time
immemorial. The risk of developing cancer
should theoretically increase with both the
number of cells and the lifespan of an
organism. However , biologist Peto , after
whom the paradox is named discovered that
Why Blue Whales Don't Get Cancer - Iq:-[fur ;'mi:m-.h'[ e J Q.MMJ.ME?-”F i

risk of developing cancer causing cells.
Peto's Paradox Surprised , much ? Click on the link below to
know maore.

g Kurzgesagt = In a Nutshell
5 g ]

Bacteria could someday power our cells

Bacteria are =ingle cell microbes. Some
bacteria are harmful but most serve & wseful
purpose. Mew uses of bacteria are being
activelv discovered all the time and scientists CABLE BACTERIA
have recently discovered that mot only are CEa

there are species of bacteria that can more or a4
less harness electrons directly but can even
move them around. Watch the videoif curious
! Phones

N W

Bacteria Could Someday Power Our Cell

@ SciShow

What can DNA tell us about our ancestry ?

Two sisters take the same DNA test, The
results show that one sister 12 10% French,
the other 1%, Both ststers share the same bwo
parents, and therefore the same set of
ancestors, 90 how can one be 10% more
French than the other? Dig into the science of
how  ancestry  DNA tests work,  their
accuracy, and why tracing ancestry is so
our ancestry? - Prosanta Chakrabarty complicated in this video .

What can DNA tests really tell us about



The Strange Reason You Hallucinate

Chur braim is a very strange organ and works in
a way beyond our comprehension.
Hallucination is one of the various weird wavs
our brain works. Hallucinations are sensations
that appear to be real but entirely exist within
the construct of our brain, We might just be

essentially hallucinating our own reality all ) s :
the time, Watch the video to know more. The Strange Reascn You Can Hallucinate

s AsapSCIENCE

Immune Cell Chasing a Bacterium

It may look like the predecessor to Pac Man,
but this vintage clip shows a neutrophil
wending its way through a crowd of red blood
cells to destroy its bacterial nemesis

Crawling Meutrophil Chasing a Bacterium

@ Andres Trevino

Shrimp Jogzing on a Treadmill

While comparing the stamina of sick shrimp
to their healthy brethren, scientists filmed this
video of a cute little crustacean running on a
treadmill. They found the four inch long !
shrimp could move at speeds of 66ft per
minute and that it was able Lo continue for

e FTHG 3 3 i e = s a s
three hours before needing a rest Shrimp running on treadmill to Push It to
the Limit

A Alvaro Pérez Ramos

47



The pink vial that you see in this picture has one million copies of the first biohackers episode.

REVIEW:

“Biohackers™ - catchy title, ves, But how interesting
is a fiction that begins with an animated DNA in its
introductory credits? Well, it s a German series
streaming on MNetflix (spoiler alert). The first episnde
of the series had the protagonist chasing green mice
glowing in a pitch-black room. If this deesn't remind
a Science buff of green fluorescent protein and
intrigue them, then what would?

The series revolves around Homo Deus - a “thought
to be failed” mission of a renowned scientist to
develop illness-free babies by gene therapy. It has
the elements of a well-made story and science in the
most presentable proporion - suspense, revenge,
secrets, romance, humour, plot twist, technology,
logic. experiments, explanation and revelation.

Paster froen Metilis

BI®OHACKERS
NETFLIX

| ——
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Biohackers portrays the dream of every researcher to
set thetr oswn lab up (can be a cabin in the woods or
an incognito underground research centre, still a lab,
right?) and carry out their own experiments happily.
Partying with flourc-powders, rearing plants that
taste like delicious meat, performing PCR like a pro
(which of course happens OMLY in a series) - the
biologists in the story are basically from a fantasy
land, that we all wish were real.

Still not motivated to login to your borrowed Netflix
account? Then you should know that this series is
stored within the sequences of DINA. Yes, yvou read
that right. The series is initially coded into (s and 15
using a compuoter, the coded digits are then
converted into the DNA bases A, T, G and C. Using
stabilizing beads, the DNA sequences are stored like
artificial fossils!! This reiterates the fact that nothing
15 impossible with science and whatever is being
demonstrated in the series is not just a work of
fiction or something that is far into the future.
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A microbiologist unable to clean a jar. lett it
coverad in manganese carbonate, a pink coloured
compound, ina sink to soak. Only ten weeks later,
he found something remarkable and historical
f f that would probably
- g * 5 E
. F -r, . laclories and 24t |.'q.!l:|.‘,l..' LLE] - ¥
1 ‘!'E i digcovery was not at all plllin:_ But rather a dark,

tap water could induce the reaction, you are not

alome!

The conditions are far oo unfavourable to show
results of this magnitude and that's v ;
the curiosity of  Jared Leadbetter, an
environmental microbiologist as Caltech., To be
sure that this is |_‘.-i:'!||'l;-1||.'.1| discovery and nol
chemical misunderstanding, Leadbetber and his
team coated more jars with MnCo, and sterilized it
with some scorching steam [ MnCo, was quite
stable in that temp). The compounds that were not
. sterilized with steam bul infected with the fap
- water turned dark while the other remained the
|ﬁ ¥ same even atter a vear! Clearly, our catalyst here is
something that was destroved in the hot steam
bath. All misunderstandings clear, the team
cultivated the life that was beaming in the jars and
came from the tap water, KN A analvsis confirmed
b Fpe - but as r tests ruled ot
possibilities, only bwo newly dis red bacteria
remained  and  we christened as  Candidakis

nodrliforains and  Eomilibacter

il

ntists lvad fong predicted manganese, the 12th
most abundant element in earth’s crust a2 a metal
significant in bacterial biochemistry but had no
proof, until now. These chemoautotrophic
microorganisms extremely depend upon Mn (11)
oxidation for carbon fixation as was observed by

the izotope probing with 1300,




We apologise for describing this as a *historical”
discovery in the beginning cause it's not. Metal
eating bacteria are not uncommon, Cne of the
famous ships (can you guess?) rusts and dissolves
away at the bottom of the sea due to a bacterium
called Halomonas titanicae. First sampled from the
icicle-like formations of rust in 1991 but was not
identified until 2000,

However, this bacterium is not without its benetfits,
While many authorities argue that RMS Titanic in
future could be a great sight for tourists and
scientists alike and these bacterial growths must at
all costs be stopped, it is important Lo realise the
potential- recyvcling of iron structures at certain
depths and disposal of old naval merchant ships
and @il rigs that are cleared of toxins and
submerged as the ocean takes care of it- that this
bacterium presents as well. Apart from cinematic
ships and sinks metal consuming and degrading,
bacteria areé a preat leap in metal extraction and
purification provesses.

The high demand and ever-rising prices of gold has
necessitated for a more precise and exhaustive
procedure that could provide profitable results in
low-percentage ores. But the ever more pressing
concern is the process at hand.
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Mercury Amalgamation is a centurv-old process is
still in use and is widely deployed for gold
extraction however this mercury gets converted
into toxic Methyl mercury and enters the food
chain. Researchers have created genetically
modified bacteria that could not only survive very
lethal doses of mercury but also, convert this into a
non-toxic form! Not only that there are bacteria that
release enzvmes that stabilize gold particles and
dissolve them in colloids and L'nn1|:l]n. xes (imagine
the possibilities if one could perfect this process!).

Rapid industrialisation has not only forced our
hand at finding more eftective pollution control
measures butb alse Anding more enriching and
efficient metal extraction process to meet the
growing markets’ demands. Unmanaged use of
agro-chemicals, fossil duel buming and dumping
of sewape waste have caused soil and waterways
contaminated with heavy metal like copper,
chromium, manganese, lead and mercury. These
pollutants are very slow degradable and persist in
the environment as it slowly creeps into our food
chain, Usage of chemicals only to treat these silent
killers is not only further disrupting our natural
chain of events but also are not that efficient hence,
a call for more bio-positive green-chemical
methods are the need of the hour and demands
maore extensive research.




Civil: Photo-thermal energy optimization

Making efficient models for collection and usage of
solar energy has been very essential for building
green cities. Scientists have developed fibres and
thermal collectors thatareinspired from polar bear hairs.
Evolution has gifted polar bears with an
advanced mechanism to collect heat to survive in cold
temperatures. They have been focused on because
of the suitable structural and optical properties. On
observation of a hair under the microscope, it is
noted to be hollow inside with a rough inner core.
These features double the collection efficiency thus
giving us inspiration to make technology from the sa
me. Study of designs from organisms and applying it to
man-made apparatus is often done in civil sciences
including efficient building designs based on ant hills.

Mechanics:

Normal prosthetic limbs are passive. The
wearer needs to expend extra energy just to move these
hard pieces of plastic. These limbs don’t provide any
articulation at all. Nowadays, many prostheses
are coming into the market that supplement the
wearer’s actions like an actual limb does. iWalk,
co-founded by Hugh Herr, an engineering professor
at MIT, specialises in making bionic prosthetic legs
that use motors how our body uses muscles. These
legs can be controlled, just like how one would use
their own legs by converting the electrical stimulus in
our body as input for the artificial leg. iWalk has even
developed an amputation method called AMI,
which can help the amputees receive certain sensory
information from the leg.
As great and inspiring the bionic lambs are, one
cannot ignore that these limbs cost a lot to
make and attach to the wearer. This is where
another type of prosthetic, hands made by Guillermo
Martinez, don’thavemotorsthatprovidepowertomove;
instead, they use high tension strings that help the 3-D
printed hand contract when these
strings pulled while moving arm.

are the



Bio-Electronics:
There has been a lot of research going on in the
interdisciplinary field of bioelectronics of late.
Late in 2013, the first ever bio-FET or biologically
sensitive Field effect Transistor was made. These are
variations of normal Fets, specifically MOSFETs

(Metal-oxide FET). They can be
used in various fields such as
immunobiology, DNA technology, cell/ protein
monitoring, etc.

Recently,in October this year, nano bio-FETs were
developed for biomolecule identification, to
make the process of identification, extraction and
purification easier for scientists. The working is based
on the fact that biomolecules are charged and can
influence the transistor to behave in a particular
manner and the transistors are highly specific, making
them highly sensitive. They are now being developed
to be used in live cells to monitor the effect of different
proteins,and possibly evendrugs, whichwould makethe
process of drug testing far more efficient and
economic than it is today.

Bioinformatics:
Loss of retinal ganglion cells in the retina is the
leading cause of permanent blindness. These cells

have limited capability to regenerate making
transplants from deceased donors infeasible.
However, stem cells differentiating into the

retinal cells can be used to restore the vision, however,
identification of these cells was an error prone process.
A neural network model- a computer algorithm
that mimics the way neurons in the human brain
work- to identify the differential stages of the stem
cells as they grow into retinal cells was developed.
The neural network was fed with some predetermined
images and a number of experts identified the
differentiatedcellsinsome1200imagestotrainandtestthe
predictions. With 87% accuracy this neural
network model successfully identified the fully
differentiated retinal cells compared to humans
who had only 64% accuracy. It is hypothesized that
there will be other structures and morphological
features that will give clues in more efficient and
faster predicting of early retinal cell development.
Furthermore the advantage of being able to transplant
these cells far outweighs the current disadvantages.

Bio-geo-sciences:
Bioaerosols are particles released by the
biosphere such as pollen, spores or fragments of living
tissue. Bioaerosols vplay a vital role in the exchange of
genetic material across distances and helps to maintain
the biodiversity and life cycles of organisms. Samples
collected from the atmosphere are often analyzed to
understand the emission, transport and changes of these
particles over the course of time. The effect of climate
on bioaerosols and vice-versa is a growing field in order
to determine effects of climate change and vice-versa.
The study would require extensive and efficient
methods for sampling, identification, testing for
parameters such as metabolic activity, viability,
understanding changes in those parameters
owing to change in seasons and climate and developing
models and simulations to understand the extent of the
effects of climate on the bioaerosols. Bioaerosols might
prove to be biomarkers to understand the extent of
climate change and maybe lead to adaptive measures of
technology to stabilize the changing biosphere.
It would require an interdisciplinary approach
from biologist, chemist, physicist, geoengineers

etc. to come up with technology for the same.

Bio-medical:
Organic  semiconductors  provide  compelling
alternatives  for  bio-integration compared to
inorganic semiconductors. They offer a wide range
of highly useful features for bio related applications,
includingmechanicalflexibility, tailorableoptoelectronic
properties, low temperature solution processing,
lightweight, and good biocompatibility.
Importantly,  the  performance of  organic
electronic devices such as organic thin-film transistors
(OTFTs), organic LEDs (OLEDs), organic solar cells
(OSCs), and organic photodetectors (OPDs) have been
improved dramatically in recent years. For
example, power conversion efficiencies (PCEs) of
OSCs have been increased from less than 5% in
2005 to over 17% in 2018 while OLEDs have been
commercialized by Samsung and
LG for use in flexible displays.
Currently, there is a lack of mechanistic models to
fully understand the organic device-biological
interface. Synergistic efforts from chemists, engineers,
device physicists, and biologists are crucial to making
further progress in this highly interdisciplinary area.



ldeamella sakaimis

PETase + MHE T ase

Ethylene glycal
OH

PETase

In 2016, a team of Japanese researchers discovered a new species of
bacteria, ldeonella sakaiensss,  that Reeds on PET{polyethylene
bFTephIi'l.aEate} ) plastic. Further studies indicate that an enzyme

present in the bacterium Galled  PETase hydrolyses PET
plastic into its monomer, which is further broken down
by another enzyme called MHETase into terephthalic
acid and ethylene glveol, However, since the
natural process carmied out by Ideonella
sakaiensis is too slow for industnal
operations, n&:-an:l‘ras are attenpling
to synthesizas a more suitable version
of PETase. If they are successful,
then it could fuly be a
game-changer for

sustainable

technology.
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