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Due to the pandemic, this year the editorial board conducted the interview online on Zoom Meet.
The interview has been published in the annual magazine.
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Interview Report

INSIGHTS FROM THE INTERVIEW

Q) Sir, you had done your PhD at Washington State Uniwversity in the Department of
Biochemistry but did your post- dectoral in Virology. So what made you change from
Biochemistry to Virology and do research on it?

I actually started out as a chemistry student. My B. 5c. and M. 5c. were both in pure
chemistry, and | had never dene a bicchemistry lab before, | landed up to do my PhD in
Biochemistry, My department at Washington State had sort of realized this, that | was coming
from a pure chemistry background, never having done an enzyme assay, so they made me the
teaching assistant of a biochemistry Llab in my first two semesters. | did all my biochemistry
lak in those two semesters. And the protocol used to be that we would make all the reagents
and would do all the experiments before the students actually used those reagents and did
those experiments. so it was a wonderful way of self learning. When | was completing my PhD
in 198&, it was a time when molecular biolegy was just coming out, so | was actually quite
keen to learn molecular biology but | was also interested in disease. 50 | decided that | was
not going to go on learning maolecular biology just working on anything but | would rather
work on a disease model. When | was looking for a Postdoctoral fellowship , | had two offers.
One was from a very high powered lab which had an army of Post Does and the other offer
was from somebody who was just starting his lab and | was going to be his first Post Doctoral
student. | went to the second guy, because | realized that if | have to learn molecular biology 1
would rather leamn at the bench directly instead of learning it in a big lab through other
postdoctoral semiors. | didn't know a thing about hepatitis viruses, | went there to learn
mialecular biology and it happened to be in a lab that worked on hepatitis viruses. That really
started off my life long affair with viruses. That lab was really fun.

“If you are in science thinking that you are going to have a Eureka moment quite frequently,
you are sadly mistaken Eureka moments come maybe once in your lifetime. The rest of the

time you actually prepare your mind to recognize that Eureka moment because if you don't
have a mind that is prepared to recognize it, you will miss it in a flash and you wouldn't even

@) Sir we have seen that many students in India prefer to do their PhD or Postdoctoral
studies abroad. Why do you think that students prefer to go abroad and should this be

changed?

Well, let me first go back and say, what is the purpose of a PhiD. | think it is not to publish
papers. Very few people actually discover something really fundamentally new. If you are in
science thinking that you are going to have a Eureka moment quite frequently, you are sadly
mistaken. Eureka moments come maybe once in your lifetime. The rest of the time you
prepare your mind to recognise that Eureka moment because if you do not have a mind that
is prepared to recognise it, you will miss it in a flash and you wouldn't even know it. So, a
good PhD is all about training your mind to be objective, to be analytical, to actually look at
data and see patterns in it. 5o, | would say, go to a laboratory, where you have the freedom
to learn and develop analytical and objective thinking. Do not worry whether it is an
American university or a European university or an Indian university. There are many places
in India that are as good or, | would say, even better than many places in the United States
{US). Yes, | know that the average university in the US is possibly better than the average
university in India but weigh your options carefully and | would say do not jump inte a PhD at
the first opportunity you have. See what you are getting into. You will spend 5 years of your
life doing a PhD, so0 make sure that those five years are spent really learming what you want
to learn. That is more important.
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0)¥ou did both your PhD and Postdoctoral study abroad, then what motivated you to come
back to India and continue your research here 7

Wall, | would be honast. | came back becausa my family was here. | didn't coma bacause | was
a super nationalist or something. | was looking for opportunities to come back to India. | got a
nice opporfunity, ICGEE was just starting. | had a good offer, which would have provided me
professional satisfaction. That's actually the most important thing. If you are going to be
doing a PhD, you are likely to be poor all your life, so money doesn't really matter. Look after
professional satisfaction, whether what you are getting infto will give you professional
satisfaction. For me, it was really a mizture of things. The offer from India came at the nght
time. | wanted to come back to India, purely for family reasons, and everything just fell into
place.

"If you are going to be doing a PhD, you are likely to be poor all your life, so money

doesn’t really matter. Look after professional satisfaction®

)5S0 sir how easy or difficult was it for you to set up a lab, right from scrateh?

In a way, | was a little privileged because when | first landed in ICGEB in September, 19848, |
was shown an empty lab. It had benches, it did not even have a stool te sit on. | had no office,
no chairs, no tables, nothing. You can see and complain about it. On the other hand, it was an
opportunity to build things the way you wanted to build them. There were a couple of us in
the same position, | was not the only one. We essentially rolled up our sleeves and said, "
Okay, we are going to build this place.” But we were also a little privileged because funds
were not lacking. In the initial days of ICGEB, we had good funding. So, whatever we wanted,
we could get it. That way we were privileged. It was actually because of that, that | could
publish my first paper from India before one year was over. Most people are not able to do
that. | know it takes at least 2-3 years to establish a lab. But | quickly identified a problem
and got on to it. All that really helped. But yes, it is not easy, it is difficult. You can better
leok at it this way, ifyou are not going to do it, who will

) Right now, we have the news in the air that synthetic viruses are being processed and are
much more affordable and accessible in many labs as compared to the earlier times. 5o do
you think this could be the reason behind increasing incidences of viral infections and
outbreaks, like the one we are facing right now?

I den't think there is any evidence that the wirus we are dealing with right now is a synthetic
wirus. Do you know that the first virus was made in a lab in the late 1990s or early 2000s.
was done by Eckard Wimmer's group in State University of New York in the US. They
essentially synthesized the complete cDNA of a poliovirus base by base, by purchasing
oligonucleotides commercially. The reason they did it was to show how easy it is to make a
synthetic wvirus, by simply buying things off the shelf. hey produced a wirus which was
infectious and which also showed neurs virulence in mice. That was actually the first
synthetic virus. There is no evidence that this one is a synthetic virus. Why are outbreaks
increasing? The wiruses are jumping inte humans and if you look at data from the last 50
years, T5% of these viruses have jumped from animals into humans. And when | say animals,
it is wild animals into humans. Wild animals don't normally come into contact with humans.
This happens when you destroy their habitats and how are we destroying their habitats.
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The first transfer that often happens is from a wild animal to a domesticated animal. And then
it comes from domestic animals inte humans. Although, the present wirus possibly came
directly from a bat inte humans, but bats are known to have roosting sites close to human
habitations. It could alsa be that it got transferred from a wild bat to a bat that was living
close to human habitabiens. | think this destruction of the environment is really the number
ome cause for viruses jumping from animals into humans.

The strongest logic, why Coronavirus 2 is not a synthetic wirus is that, if | were asked to make
a virus that will replicate very well in humans, | would start with a virus that is already known
to replicate in humans. | would never use a virus that is never shown to infect humans. 5o the
SARS- coronavirus 2 has the highest homology to a wirus that was discovered in bats in
Eastern China in 2018. That virus has never been shown to cause human disease. 5o if | were
really asked to make a wvirus that affected the human population, | would start with SARS-
coranavirus 1. | would not start with a bat virus that has never been shown to infect and cause
disease. So that's a very strong logic as to why this virus is not a lab made virus.

"The strongest logic, why Corenavirus 2 is not a synthetic virus is that. if | were asked to '
make a virus that will replicate very well in humans, | would start with a virus that is

already known to replicate in humans. | would never use a virus that is never shown to

infect humans. 5o the SARS- coronavirus 2 has the highest homology to a virus that was
discovered in bats in Eastern China in 2018. That virus has never been shown to cause

human disease So if | were really asked te make a virus that affected the human
populaticn, | would start with SARS- coronavirus 1. | would not start with a bat virus that
has never been shown to infect and cause disease.”

Q) Do you feel that ethical implications imposed by the development of synthetic viruses
oubweigh the application of synthetic biology ¥

Mo one can deny that technology is there to make synthetic wiruses. Now, technology is a
wery funny thing. Technology can be used for good and for bad as well. Nuclear energy can be
used to power lights and refrigerators and on the other hand, it can also be used to create a
bomb. | think how we wuse technology, how we regulate ourselves to use technology is
important. And there must be structures to regulate this. Self-regulation is possibly the best
way.

When recombinant DNA technology came ocut, there was immense debate that now this
technology is going to create super humans. And it reached a point where there was a one-
year moratorium on any recombinant DNA work till guidelines were laid out in place. 5o yes,
we have gone through this. | am sure we will go through all of this again and we need to keep
updating ourselves as technology develops. There is always the possibility, no one can deny
that. But whether it will happen or not is doubtful. Recombinant DNA technology has so far,
not produced any super humans. We must regulate ourselves and ensure that we don't land
up destroying oursslves.

Technology is there but this also must be realised that if a synthetic virus can be created, its
vaccine can also be created equally easily. The sequence of the SARS- coronavirus 2 was
revealed on Tth January 2020, And within 42 days, Moderna had shifted the RNA vaccine
from its facility to MIH for human trials. Within 2 months, that vaccine had gone into humans
for trails. So that's also true. That technology has also developed equally well. And there is
one very good outcome of coronavirus, that is the testing of these RMA vaccines. This is the
way of the future. There is a company that actually synthesizes, what they call, vaccine
printers. Vaccine primter is simply a nucleic acid synthesizer which can be remotely
controlled. If | know the sequence, | could be sithing at home and through my cell phone send
a message to this machine which is located anywhere, connected to the clowd, giving it
instructions to make a piece of nucleic acid and that nucleic acid would be the vaccine of the
future. 5o, technology has both sides toit.
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Q) Synthetic biologists try to modify the organisms, in order to increase their capability. Do
you think this somewhere impacts the natural evolution process?

Yes, absolutely! i is going to speed up evolution. If you see plant breeding for example, plant
breeding was a slow process where you crossed two plants to get a new variety. But now, you
do not have to cross two plants, you can simply introduce a gene from one plant to another to
produce a new function in the plant.

"Mow that is really the fascinating thing about viruses- there is always some surprise

around the corner.”

) Different wiruses have different incubation periods, On what factors does the incubation
pericd of a virus depend and what does it depict?

Yes, different wiruses have different incubation periods. 5o, the incubation pericd, which is the
period from infection to disease, really depends on how the virus interacts with your immune
system. Some wiruses will replicate very slowly and show disease much later, others will
replicate wery quickly and show disease very fast. | can give you two examples- everyone is
talking of SARS, so0 SARS can get into your body and replicate very guickly, causing a lot of
protective responses from the body, like a cytokine storm. The cytokine storm is the body
trying to attack the wvirus, but the body starts attacking itself. And that is what causes the
serious disease that might lead to mortality. H's not the virus that leads to severe disease and
martality, it's the body's response.

On the other hand, there is HIV which infects, causes flu-like symptoms, and then disappears.
But it does not really disappear, it integrates its nucleic acid in one’s own nucleic acid, and
now, it simply produces low levels of the virus throughout one’s life. It slowly starts destroying
your T-cells, and when your T-cells level reaches very low then you get other opportumistic
infections and that is the time when you really see AIDS related disease. So, it really depends
on how the virus replicates in the system and what sort of immune response it generates.
Some viruses may even never show disease. So, it's a complex thing, it's not based on just one
factor. MNow that is really the fascinating thing about viruses- there is always some surprise
around the corner. For example, you can produce rice that also produces Vitamin-A, you can
even produce plants that are resistant to herbicides. 50 now you can spray herbicides and get
rid of all the weeds and your plant remains unaffected. So yes, synthetic biology is speeding up
evolution. Things were happening earlier as well but were happening at a much longer time
seale and we are speeding up the process.

What is the downside of this- evolution not happening at its natural pace? The downside of it
depends on how we use technology. Everything that we are deing today has an upside and a
downside to it Using CRISPR you can remove deleterious mutations, but using CRISPR, you
can also create mutations. Synthetic biology is the biology of the future and it is really coming
up very strongly. The motivation for synthetic biology is to produce new drugs, or organisms
that produce a certain product or a certain metabelite very efficiently.

Q) CRISPR is one of the most popular tools in synthetic biology, besides that could you tell
us about some ground-breaking or unconventional tools synthetic bislogists make use of?

Well, biclogists hawve also been using DNA control elements, for example- promoters and
enhancers to switch genes on and off. | gave an example of vaccine printers- if | can make a
vaccine or DNA based serub on demand, that's synthetic biology. People are using DNA to fold
into structures so they can be used as drugs, so again, if | could make that through a printer,
you could have drugs on demand. Proteins are a bit difficult to synthesize. It s much easier to
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make RNA and DNA than it is to make proteins and to fold proteins properly. You may hawve
seen, for the first time, somebody has folded a protein, based on an algorithm- the computer
pradicted, what seguence to use to fold the protein into specific conformation.

Q) There are a number of vaceines for SARS cov 2 virus that are being developed and
distributed. We saw that Pfizer changed their efficacy data after Moderna announced their
efficacy data, do you think this sort of competition between pharmaceutical companies is
healthy for consumers? And what impact does it have on a researcher?

Oh! The competition is always healthy for a consumer, whether it's for a vaccine, or a bar of
soap, or a toothpaste. | think it's good that multiple companies have come up with various
strategies to make vacecines and that they are competing with each other. In the end, it will be
good for the consumer, but | think another thing that's equally important, is that many new
platforms are being tested for the future. Before Cowid-19 came, nucleic acid vaccines had
never been used. We now have two REMA vaccines that hawve been licensed, a couple of DMA
based vaccines are under trials. For the first time adenowvirus vaccines are going to come in
use, one of which, Chimp adenovirus- Ouford vaccine has already been licensed. S0 many new
platforms are being tested. So, the point is that many new technologies are being developed
and tested and licensed. The world will not need multiple vaccines for Cowid-19, but the world
will need multiple technologies for the future. That is a big takeaway from this pandemic.

"So many new platforms are being tested. So, the point is that many new technologies

are being developed and tested and licensed. The world will not need multiple vaccines

for Covid-19, but the world will need multiple technologies for the future. That is a big
takeaway from this pandemic"

) Talking of the mRNA vaccines, what is your take on the risks associated with its
integration into the genome or other factors?

Firstly, the risks must be assessed long term, so0 we do not know that as of now. But a very
fundamental thing with the mRNA is that mRNA is delivered into the cytoplasm. S0, the way
this mRNA vaccine works, s that you have just this mRMA in a lipid particle. Mow, this Lipid
particle essentially fuses with the plasma membrane and delivers the mRMNA into cytosol. The
RMA gets translated there; the RMA never actually goes into the nucleus. 5o, the RNA gets
translated into the cytoplasm, and after its half-life is completed, it eventually gets destroyed.
For integration of RNA into DMA, it requires two biochemical events. First is the conversion of
RMA into DNA, and the other is its integration. Both require enzymes, the first one requires
Teverse transcriptase and the second one requires integrase. Human cells do not contain
reverse transcnptase in the cytoplasm and also lack the classical integrase. Sao, | think it is
wvery remote from the biochemical point of view that the RNA is going to integrate into the
genome.

Q) In the western countries, like the US, and even in parts of Europe, we have seen a
progressive increase in the number of Covid-19 cases, whereas in India, the number of cases
are progressively declining even though the restrictions have been lifted. Is there any
particular reason for this?

When the cases were going up in India in between August and September, the number of cases
in the US were decliming. 5o, the U5 is going through a second wave. India on the other hand,
had such a huge first wave, that | don't think we will have a second wave. 5o, India is down for
possibly two reasons.
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One is that we do not have the real figures, but then, | would not say that's the main thing. The
main thing is that a lot of pecple in India have already been exposed to the virus and are
tharefore protected from the diseases- both in this outbreak, as well as with other endemic
corona viruses. The fact that we get so many infectious diseases, it keeps our innate immunity
Llewel high.

What's baen seen in COVID, is that if you can control the virus in your upper respiratory tract,
essentially your nose and your throat, the virus doesn't get into your lungs, and if it doesn't get
into your lungs, there is no severe disease and na mortality. So, | think, as a population, we are
better at controlling the wirus early, simply because we are exposed to so much other
infections.

Mortality rate in India is the same as in all of South-East Asia, and Africa. 5o, India is not
special. But yes, the mortality rate in India is almost half than what you see in the U5 or
Eurgpe. They are more sterile societies. They have more allergies, we have more infectious
diseases. That's what the hygiens hypothesis is all about, if you are more exposad to infections
in childhood, you are protected from allergies. We hardly see allergies in our country, but in
the West, every other person has an allergy. Why the U5 and Europe are going through this is
because they have not been careful. There are models that predict that 30% of Indians hawve
already been exposed. In major cities, 50% of tha people have already been exposed, that's not
happening there yet. So, that's the reason we are going down.

‘ "So, go after learning, do not go after impact factors and how many of your papers

get published and all of that, that's nonsense! That is not going to help you, what will
help you is how you develop your thinking.®

Q) What advice would you like to give to the undergraduate students who want to pursus
research im futura?

Couple of pieces of advice! | Smiles) One is, read outside your coursework. Very important-
don't just read textbooks, don't just read science. Be aware of what's happening in the world.
Read outside your own area and that will always help youw. As far as going for a PhD, be very
selective in what you want to do and who you want to do with. You are going to spend the next
four or five years of your life doing a PhD, 50 make sure you are in an environment where you
are doing something you like to do, instead of going for it just for the sake of doing a PhD. You
know PhD is a very funny thing. When you go to do a PhiD, you think you will change the world,
but believe me, the day after your Phi, is no different than the day before your PhD. The world
is the same. And in a week's time your own excitement that you have a PhD, will wear off. You
will never go back and look at your thesis ever again. 5o, do mot run after those things. You
should see the kind of capabilities you develop during your PhiD. To me, a good PhD is whether
you can think objectively, think analytically. | am never impressed by people who tell ma “1
published ten papers from my PhD™, my next question to them is, what did you learn? So, go
after learming, do not go after impact factors and how many of your papers get published and
all of that, that's nonsense! That is not going to help you, what will help you is how you
develop your thinking. That will always be with you, that will never leave you. 5o that is a
good PhD.
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