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As business and technology move forward at a rapid rate, it has become increasingly important to explore new
ways to adapt and grow for the future. This podcast is your guide to that future journey.

Join us as we explore a new topicin business, technology, and transformation. Find out more about the chal-
lenges businesses are facing today and what they can expect in the future. Listen to leading industry experts as

they break down need-to-know, actionable approaches with strategic insights and provide tangible takeaways.

Listen to more Future Sight episodes here: https://www.capgemini.com/podcasts/future-sight-podcast/
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Episode Transcript

Ollie Judge: This is Future Sight — a show from Capgemini Invent. I'm Ollie Judge. On this show, we explore new
ways for you to adapt and grow for the future in business.

On this week's episode, we're exploring the exciting world of synthetic biology. For many, synthetic biology may

seem like a new and emerging area of research development and technology. But its roots have been around for
a long time and it is now presenting innovative solutions to some of the world's most complex problems such as

food securitization, intuitive design, and pharmaceuticals, as well as some critical opportunities for businesses of
all fields.

Joining me today. | have Kary.

| am Kary Bheemaiah. I am Chief Technology and Innovation Officer at Capgemini Invent, and a
large part of my job is in working with emerging technology and creating new and novel products and services
that come out of it.

Ollie Judge: And Ellen.

Ellen Simmons: My name's Ellen Simmons. I'm a bioengineer for Cambridge Consultants. My main interest is in
being able to figure out how to work with biology as an engineer.

Ollie Judge: Very smart people in the room today. | feel a little bit ganged up on slightly, but we'll get through
it.

So, we're going to be talking about synthetic biology today. But, obviously, that's probably not a term that all of
our listeners have heard of, let alone even thought about. So, it's probably worth starting off with a little bit of
an explainer and kind of the history behind synthetic biology.

Ellen Simmons: Okay. So, let's go back to what is biology, just to start off and give us a good foundation. Biology
is the scientific study of living things, right? And there's lots of different principles that make things common
inside biology.

So, one is that we have code within living things. Every cell, every organism has a code inside it which is passed
on generations when they reproduce. So, hereditary information. And that code, that we call: genes, GENES.
And so, that's a common element to it.

One is that we evolve, living things evolve. So, that means that they can change over time. And usually that
change is naturally occurring so that the organism can survive better, be bigger, be stronger, be more efficient at
using energy. Energy processing and energy conversion is also a big part of living things. We convert fuel like
food into outputs, energy, in different ways.

And then the other element to remember is that living organisms tend to be very good at regulating themselves
inside. So, their main priority is to stay alive so that they can reproduce. And that goes from everything from the
tiniest organisms that are living on the surfaces of our laptops at the moment, all the way up to we have drivers
in us to make sure that we can survive, that we are superior and that we have the most food and everything, and
we can work efficiently.

We're really good at making sure that we can look after ourselves, even in difficult environments. We have all
sorts of hormones and things inside ourselves that allow us to survive if we have to drink less water, or if, we're
in a cold environment and things like that.

So synthetic biology is us looking at how we can actually harness all the mechanisms within living organisms and
then be able to adapt it, change it. And that could be anything from how can we change plants to be able to bet-
ter survive in harsh weather conditions?

Because maybe those have changed, or we want to avoid droughts and famines and things like that.

All the way to saying, can we use biology to actually make things that we never would have thought of before?

Can we use biology to make our clothes? Can we use biology to recycle plastics? Can we use it to drive our com-
puters and what synthetic biology is a science of — how can we treat organisms as if they are pieces of hardware
like machines? How can we apply the same principles we apply to machines, to these living organisms? So, it's all
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by how do we look at biological systems, these organisms with the things | was just talking about, how do we
characterize that, simplify it, and then map out that system as if we're designing any system?

I should also say there's a bit of a difference between genetic engineering and synthetic biology in terms of how
people define it. So, genetic engineering is very explicitly chopping and changing those pieces of code within an
organism. And that is part of how synthetic biology operates. But | think the wider goal of synthetic biology is
how to create actual novel genomes. How can you build from the bottom up and create organisms, which we
have designed from the beginning instead of trying to change existing organisms or just change one small part
of it.

And a big part of synthetic biology is standardization, making it simpler and then using that to be able to harness
the fact that biology is self-replicating and works in these really amazing ways, can be adjusted in very interest-
ing ways.

How can we harness that to actually impact our lives, impact society, and to the main areas in which there is in-
terest in doing that is, how can we use organisms to help create things so that we can then stop having to create
those things from finite resources, for instance, but then also, how can we use biology to help us process things?
How do we get rid of the waste that we accumulate in a way that's going to ultimately be carbon negative or re-
duce toxic substances in the environment?

So that's an explanation of biology and synthetic biology. Do you want me to go into the history of it here?

Ollie Judge: Let's pause on the history for a second. I think, so, that was a very scientific perspective and that
how it works and what kind of the building blocks and the difference between genetic engineering and what syn-
thetic bio is.

I'd be quite interested to hear from Kary. What gets him excited from a business standpoint and why this is rele-
vant and why people should be paying attention, particularly now, to what's going on?

So, the way that | look at synthetic biology and the reason | started getting really interested in
that was because the way that we've been doing a lot of manufacturing processes today, they haven't really
evolved in a lot of ways.

When we think about the fact of how we actually use a lot of the products on an everyday basis. The way that
they're manufactured, that's being, it's had improvements of course, in different ways. But what synthetic biol-
ogy allows us to do is actually do multiple changes. And these changes can be expressed in different ways.

So, in one case you could have... let's take some kind of an ingredient. And an ingredient could be a textile, or it
could be palm oil, things that we use on a daily basis. And synthetic biology can either replace certain elements
of those ingredients, which allow it to be able to be used for different kinds of purposes.

It can also enhance certain kinds of ingredients so that you can use them in a much more sustainable way. You
could use them in a much more intelligent way; maybe you're creating less waste. It could also be able to create
a completely new ingredient, which doesn't really exist naturally out there. But which we really want to use cer-
tain characteristics of that, for whatever means and purposes that you have.

And it could also probably create an entire new category of ingredients. And why is this kind of important for us
is because we do have multiple challenges, which we are trying to deal with today in the market. Being able to
have different kinds of optionality, to be able to address those changes, | think just gives us much more flex in
terms of addressing problem space.

At the same time, | also do have to keep my business hat on and see that okay, fine, it's really cool that we can do
these things. And there is a reason that we can do it today. So, there's a lot about timing. And I'd love to actually
talk about that once. Ellen's doing a bit more of the history because if we don't know where we're coming from,
we don't know where we're going to go.

Butif I do return to the pointin just in terms of market opportunity, we can start looking at the fact that, we've
got all these kinds of different ingredients that | mentioned, whether it's textiles, dyes, fragrances, palm oil, vita-
mins, different kinds of chemicals, you could say. That by itself, by most estimates, comes up to around a $1 tril-
lion market.

And if synthetic biology in the way that | express can actually change some of these ingredients that we use on a
daily basis. Let's say that you even capture 5% of that. That by itself was around 50 billion in market opportunity.
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So, that makes a lot of sense for us to start thinking about it. We were to think about it from the perspective of a
sector, whether it's in terms of food, food is definitely a big part. So, meat, dairy beverage, or anything like that,
cosmetics, the beauty industry over there and right up to kind of anything which is related to nutrition. Those
segments, those market segments, that's around 2.5 trillion total addressable market.

So again, if you're going to put in 5% of that, through synthetic biology, that's 125 billion market opportunity.
So, when you've got those kinds of figures in front of you, it starts becoming really interesting for us to kind of
take the concept of applying synthetic biology to industry or the intelligent industry or manufacturing.

Something that's very interesting for us to look at because it's really got wide-scale impact. And impact, not just
in terms of financial return, but also in the way that we actually do a lot of things today. And yes, | just end on
the reason that we are thinking about it with a lot of seriousness at Capgemini today is because there is a factor
of, “the time is now,” but I'll get back to that after Ellen explains a bit of the history.

Ollie Judge: Alright, Ellen, let's talk about history. How did we get to here? And what were the building blocks
that kind of got us to this point?

Ellen Simmons: | also, can |, before | do that, just go back to some of the points that Kary said.
Ollie Judge: Yeah, of course. Go ahead.

Ellen Simmons: Yeah, | think one this might be also considered a bit controversial to say, but I, to get on my
soapbox for a minute, | think that the really exciting thing for business in terms of what synthetic biology can
allow us to do, is that we know that organisms, living organisms can confer all sorts of strange things into differ-
ent types of other things in a way that we would really struggle to be able to do with machinery or with chemi-
cals alone all the time.

And the pointis that a lot of that time, you can create a sort of circular economy where you're able to use waste
or undesirable products and feed that into the sort of biological factory to create something else. And I think
that's really where the business driver, the market driver would be for me is saying that we're at a time where we
need to shift from being a petroleum-based economy into a bio-based economy.

And a lot of the reasons why people will shut down conversations on things such as biofuels is because there's a
misunderstanding of why fossil fuels are cheaper today.

And one thing I'm really interested in to see is how regulation could really shape how economically buyable
these new things are and how we could be in a situation where we can sustain the innovation and the develop-
ment that we are doing as humans nowadays. But in a way, that's not going to mean that we're constantly having
these stressful conferences about our earth dying, that to me is a very important part of this. And | see biology
as a means to get us there.

Anyway, I'll get off my soapbox now. So, do you want me to go to the history?
Ollie Judge: That'd be great.

Ellen Simmons: Where we got here... | was talking earlier about the fact that organisms are common for the fact
that they have a code within them.

We talk about machine code or machine language with computer programming. That's like going into the finest
detail of how you can talk to a computer, and that's built of ones and zeros.

But with cells, you've got more than just ones and zeros. You've got A's, you've got T's, you've got C's, you've got
G’'s, you've got the way that they fold together. You've got epigenetics, which is some other complex things
around how those all fit into DNA, double helixes, and chromosomes.

So essentially it all began from when people started to really understand that's what drives organisms. And be-
fore, I think a lot of it was just an unknown, it was a black box of, we don't really know how these things do these
things and why.

And this goes way back to the 1800’s even, at the first people to discover DNA. Usually, | think that was done
through looking at T-cells - human white blood cells. And then that grew, and obviously... I'm in Cambridge at
the moment, and this is a place which is very DNA-centric. We've got the Sanger Institute down the road who did
the human genome project.
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But a lot of the work with DNA, with Crick and Watson and Franklin it was talked about so often here because it's
really by understanding DNA that we then understood that we could change DNA. Basically, from the 1970s, that
was the time when people were starting to look at using that to do other things.

But it's still very much started with people saying do we even know that something that we build in a test tube is
going to be equivalent to the thing that's living in the world today? So, a lot of the early work was done in just
trying to prove that there's a bacteria phage, which is essentially a virus that could infect e-coli called Phi X 174.

And that was a model that's used quite a lot in the early days of synthetic biology. And proving that you could
produce this synthetically, and that it would exhibit the same features as natural virus was where it started.
There's someone called John Craig Venter who's done loads of really exciting work in the sort of building blocks
of synthetic biology.

And then things like the development in the early 2000’s of making DNA synthesis much faster and much
cheaper has been a way that we've managed to progress this because then it's not unrealistic to say we can just
create the DNA that we need to make these novel organisms that we're talking about.

A lot of that was done through people like George Church, MIT, and various other places. And it's still something
that people are working on a lot today. How can we produce synthetic DNA fast? And then how can we read it
back as well? So, it's still quite recently in many ways, but then, the way that it has changed from then now to
2021 and how it's looking for the next 10 years is really exciting. So, | can maybe briefly talk about now where we
are with it in terms of how we can separate it and some of the main areas.

And then maybe | can hand over to Kary again to think more about that.

Ollie Judge: I think it'd be interesting if we put the context of where we are right now. And | think by listening to
both of you talk about the potential of everything, it's very easy to get your head stuck in the kind of light sci-
ence fiction world of “we could do anything”.

So, it'd be quite good to figure out how we can actually, or what was the grounded version of what's going on
right now? And where are we at? That would be super useful.

Ellen Simmons: | should say that | think half of the time my brain is in the sort of, “oh, what's realistic and what
can we actually do?” But then the other half of it is like, “this is going to change everything in the world forever.”

So, I'm maybe a bit biased. But yeah, it is a simple way of separating the field is looking at where synthetic biol-
ogy produces chemicals from the organisms. Engineered cells produce some chemical or enzymes for instance,
help produce another chemical. But then you also have the areas of field where the product is actually the organ-
ism itself.

Sometimes if the field of what we are producing by manipulating biology and using enzymes. So, we've got
things like food so we can create proteins where they are derived from plants that have beneficial properties
that allow us to then put that into things that we're eating. If you've ever tried an Impossible Burger, that's held
up as a really great example of synthetic biology producing something called leg hemoglobin, but it's basically
yes, it's from a plant that bleeds and then that's fed into that alternative meat.

And basically, the way that's achieved is that you take something that already exists and just put it in a produc-
tion host. So, you're taking like genes from something already and producing that and, Impossible Burger, you
can get it. You've been able to get it for many years now. And so, that is going into food that is affordable today.

You've got areas like drugs. One thing, for say like the pharmaceutical industry, there's quite a lot of materials
that are very difficult for us to produce in factories, for instance. There may be used quite a lot of energy or they
use quite toxic chemicals, like heavy metals. And so, synthetic biology can actually make the manufacture of this
easier.

So, the idea of using synthetic biology in order to produce chemicals for the pharmaceutical industry is actually
one of the first examples of use of synthetic biology to create a useful chemical. And so, in 2006, re-engineered
yeast was used to be put in a chemical factory to produce Artemisinin, which is an anti-malarial drug.

You get a bit more, contemporary context Ollie. Let's say that you wake up in the morning and
you wake up on in your bed, which has got some bedsheets on it. You stretch your arms out, reach for your
smartphone, grab a cup of coffee, and wear a pair of jeans.
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This sounds like a pretty normal routine, right? Already in doing all of these things, synthetic biology or biotech-
nology has affected you in some way. So, for example the sheets that you, you woke up on, they're made from
cotton that's genetically engineered to make sure that they don't get attacked by, all the different kinds of para-
sites and worms that actually come and attack the cotton plant. The plastic on your smartphone, that could prob-
ably be bioplastic.

Even though the jeans that you wear, there've been probably a wash using some kind of enzyme biological cata-
lyst so that it can help breakdown those organic materials in cold water. So, while we don't go around, stating
this on a daily basis, pretty much a lot of the stuff that we use today, and hence the reason that | was focusing so
much on stating ingredients in the initial part of the conversation, has already got the use of synthetic biology
going on in some way, shape or form.

And |, this is the reason why it's so important to understand that history, which Ellen was talking about, because
on one side, it shows you why it's already so prevalent all over the economy.

It is new, it's new in the fact that there are different technologies that have evolved to a certain point and they
can now mix because they're now at that commoditization phase of the revolution; that makes it, this is what is
opening up, the application of synthetic biology into different sectors and industries, but it's been going on for
quite a long time.

And | think what's interesting right now is not that we've got an understanding of how some of the history, it is
to understand what are the key driving forces that are allowing this opening of the aperture.

Ollie Judge: Oh, so I'm going to take that slightly and then twist it back on you. So yes, there are driving forces
moving things forward, and that there's now the potential to productize things in different ways and elevate
beyond just being an ingredient and building it out and potentially bringing synthetic biology more to the fore-
front, as Ellen said, with things like impossible burgers and stuff like that, we can begin to see more of it. But
what are the challenges and problems that are facing the industry?

| think the first one is definitely when it comes to scale, right? So, the same way that a syn-
thetic biology process works on a small scale doesn't mean that it can work on a large scale. There are different
factors that you have to think about, because one of the things that one of our colleagues, Steve, keeps telling
us again and again, is that when you're working with a microorganism, they have a tendency to evolve.

So, you need to control that evolution and that pace, it's not just being able to control it, but if you want to be
able to apply it to these large-scale industries, then it becomes a totally different kind of problem in which, they
won't evolve in one direction, but you're trying to control it at the same time, apply it for a large mass of applica-
tions.

Secondly, a lot of these ingredients, as | mentioned before, making them change through synthetic biology
means a lot of testing. There's a huge amount of experimentation that needs to go into it. This is why Al is very
useful, but at the same time, it also means that you have to have a product development approach that is very
iterative.

And that by itself is, it's got difficulties in terms of time, intensity, and cost. And then of course, there's also the
fact that you're trying to get a lot of switching costs, right?

So, there are well-established processes, which are in different parts of industry today in manufacturing, espe-
cially. But if you're trying to tell them, okay, fine, now we want you to start using a different kind of a process,
that switching cost doesn't happen very easily. It's extremely capital intensive. And then there's other things as
well, like regulation and consumer acceptance. But when | look at it from a big macro perspective, these are like
the main changes, that are the main hurdles that we have to get through.

Ellen Simmons: | can just maybe build a bit more on, on what you're saying Kary. The way that we often work
with synthetic biology, especially in an industrial sense, is that you're trying to do something to it, to force it, to
do what it doesn't normally do. You're forcing it into an uncomfortable situation to say, “oh we'd really like to
squeeze out as much of this product as we can.”

And we're going put you in, we call them stress states quite a lot. And by stressing out an organism that often
gets something to change. But unfortunately, as | was saying, like organisms tend to really try and self-regulate
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and also mutate away from anything uncomfortable. So, especially when you're trying to have these really in-
tense growing conditions, you're providing the perfect opportunity for your organisms to just be like “sack this,
I'm going away from here.”

I'm going to, or find ways, to grow the organisms that are not getting stressed out by it. So, you're constantly
having to work with these things, but a line that | hear all the time is, especially in pharma, pharmaceutical use of
bioprocessing: “We're optimizing things that we don't understand.”

And even though, yes, we get what DNA is and we get this, that, and the other, there's just so much more about
what's actually going on inside that organism when we do this. And what Kary's saying about scale is it's just a
whole other level of unpredictability that we're having to work with.

And especially when you're working with anything that's been genetically modified at all, it's much more suscep-
tible then to mutations. For instance, a lot of processes are done in batch and have to be stopped at a certain
day because if you don't stop it at that day, then it's going to mutate away, and they'll have to throw it out.

There's a lot of waste involved in that which can affect how cost effective it is. If you're not really sure why the
organism doesn't like this thing, it's then very difficult to understand how to improve that without, as Kary was
saying, a lot of experimentation.

So, we really need to understand more. We call it like Omics. And so, the study of genomics and transcriptomics
and metabolomics. So, essentially what's going on in the deepest code of the cell. And then how is that manifest-
ing in the functions of the cell and ultimately, how does that affect the product that we're either trying to create
or the end state of the cell.

And actually, one thing that you haven't mentioned, Kary, it's just actually quite a lack of people with the skills
needed to really ramp this up. It's quite well known, apparently that there's just a big lack of data scientists and
so we're also having to really do a lot of this on a shoestring. Like a lot of the biotech companies that are coming
out of universities with these cool ideas and startups, can't necessarily afford to bring on the right sorts of peo-
ple in those early stages when it's really crucial for you to be optimizing everything and making it robust.

Ollie Judge: So, | want to talk a little bit about, tangible application and what synthetic biology can be good for
and what it's not. | think this is useful for any kind of topic that we tend to talk about on Future Sight.

| think it's like Al, it's very easy to get excited about something without actually understanding the context and
how it can be super useful. We've been talking a lot about startups but to get synthetic biology right, it sounds
like you need quite a lot of capital and good data scientists, to get all your data in good order and also real scien-
tists to be able to think about these things.

I'm going to put it like that because I'm podcast guy, but let's call it a core level. Number one, who do you need
on your team to really get something done? And number two, what kind of projects should really work for this
and what doesn't? And where does that divide live?

I'm going to start off with Ellen, for this question.

Ellen Simmons: Okay. So, what people and what projects, | think that the way that we look at it here... I thinkit's
really important is to be very realistic about the benefit that the biological element is going to offer you in what-
ever you're trying to do.

So, | think what we always need to think about is the problem that is it just that we need more investment in this
area of technology? Do we think that with that investment, we will crack it and that will be possible? Or is this all
based around a limiting factor that we're not sure we're going to get through? Chris Voigt wrote a really great
paper about this recently.

And you have to really understand the balance between, like, when are you using, like living factories versus
when are you using chemicals still? Like, when are you going to involve cells and when should you not? So, |
would just say generally, | think to, although | would love it to be the case, like use of synthetic biology, is not
going to solve everything.

And you really have to look at the energy inputs and outputs. You have to look at, as | said which organism are

you using? Is this an organism we understand, are we going to be able to really tell what's happening with it? And
you can compare things like some photosynthetic organisms which are ones that, can turn light into energy, have
very different inputs and outputs and, things that they tell us about how they're feeling to something like e-coli.
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| would say in terms of the actual projects, it's probably ones where you think that you can make use of an input.
And you're confident that input can be converted into something new organism can use. | would say anything
that's going to require like a lot of energy in order to do that is then, | just doubt that it has much of a future.
And making sure that you can see how it would scale that, that it's realistic, that it could scale.

And that you can see it becoming robust enough that whatever you're trying to do with it, that you could do that
on a larger level. It sounds quite evasive; cause I'm not saying specifically. But say for instance with lab-grown
meat, one of the problems that we have right now in really scaling that up is that to actually structure the syn-
thetic animal cells that are being created; you have to use very complex scaffolds, a lot of new materials coming
out, require very novel pieces of machinery and novel processes.

And so that's what's really restricting things like that. Whereas, if you think of how we create beer, for instance,
if you can try and create something in the way we create beer and just, if you can use yeast for instance, which is
something we understand loads about we've been working on for decades, then there's a good chance that's a
great project.

So yes, | guess it's a mix. Like you have to be pragmatic right now anyway. And | think that the people you need,
you definitely need people who understand biology quite well, molecular biologists or people who've worked in
industrial biotech environments. You need people who understand sensing well, especially if you're trying to in-
troduce anything novel; someone who understands optics; people who understand how you can convert differ-
ent inputs and outputs into useful information.

And then you've got, say, people who can just help create that hardware. So, if you have to create novel bioreac-
tors to do this, bioreactors are essentially like the oven that you put everything in, to bake your organisms. How
are you going to put that all together?

How is that going to look infrastructure-wise? And then people to look at the data that's produced. All that infor-
mation you're getting from those fancy sensors you've created, who's going to look at that data and actually do
something constructive with it. And then from that, then looking, do you want to apply something more com-
plex?

Do you need people who understand machine learning? Do you need people who understand how to funnel that
information into a neural network of some kind, for instance? And then you need to loop it all back and keep that
in a control system, right? So, you need people who understand all the different parts of it.

But then I think also, that's purely just on the technical execution of it. Then you need people who really under-
stand in industrial production of these things that we're trying to replicate, what are their pain points? What are
the things that they need? And like at some conferences I've been at this year, one of the main things that kept
coming up is just, it's really hard for us to convince management, to take down the factory line for the length of
time we need, to do something different with our process. And | think if you ignore like the sort of social implica-
tions of what we're trying to do, as Kary's talking about with intelligent industry and things, you're proposing
quite a big change to some quite traditional industries sometimes.

And people need to really feel like they're part of that change. You need to make sure that you're really clearly
explaining the benefit and not in some cases, like not measuring stuff for the sake of it. Maybe that's not worth
the time. Maybe you don't need to know how the genome changes, like when you add this chemical or change
the temperature.

But I think just making sure there are people involved like process engineers who know what it's like to be per-
forming these processes in factories, people who manage the industrial scale of manufacture of different mate-
rials. And it really varies across industries too.

So, you can't underestimate the need for a good sort of commercial head with that. And people who are actually
going to be able to help listen to those, the stakeholders, and be able to make sure that whatever you're build-
ing is going to be inclusive of all the people usingit.

Another sort of element that I've not touched on is the sort of human factors and design like human, that the
user interface side of everything, | think also you have to remember that a lot of the people who are going to be
operating these processes, for instance, like it needs to be, a seamless process for them to be able to integrate
these complex things. If you have got things like algorithms or different inputs and outputs, like how is that actu-
ally easy for us to incorporate into the factory environment? So, yes that's maybe the basis. There are lots of
things.
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Yeah, it's a lot. And this is kind of the reason why, when you have a company like Capgemini,
where we've got a lot of industry experts, you've got people who've got deep sectorial contacts and understand-
ing, you can really cherry pick all those people and start thinking about, okay, fine. How do | make this cross-func-
tional team that's going to be able to build something totally new and novel? It's grounded on the fact that there
are limitations and challenges that we are trying to address today.

And synthetic biology especially has got this very intimate relationship with these large, big social changes and
problems.

And the big change that's happening today is the fact that climate change has become such an important topic
for us. There's more and more government-led initiatives. There are carbon credits that can be gotten in terms
of some way of gaining capital for it and subsidy programs.

And there's a lot of stuff happening in climate change. So, climate change, to a certain extent, it has heightened
the focus again on synthetic biology, as it rightly should. And this is the reason why we are seeing a rekindling of
that flame all over again.

Ollie Judge: So, before we move on to a bit of the grand potential of what we're talking about here, I'd quite like
to understand who's getting it right, at scale, like a good example of how far we can go with this and what's been
done in the market right now.

We've spoken a little bit about startups and how people have gotten going. But who would you say, and you
don't necessarily have to give a name, but or, but just a good example would be nice to understand: who's doing
this right in the market and why?

So, there's one company that | like, and it's related to my previous life in the military. | used to
wear Kevlar. And | was going to like, just, I'm trying to understand Kevlar and came across this company. But it
turns out that spider silk is like one of the most amazing materials in the world.

It's stronger than steel. It's tougher than Kevlar. The problem is you can't really build it at scale because every
time you put a bunch of spiders together now in a box, they have the tendency to eat each other. So, it becomes
hard to get it to that scale. And what these guys did was they started using synthetic biology to create spider
silk, but without the spider.

Essentially, they studied the silk proteins which are spun, and they understand what gives them these incredible
properties. And then they develop proteins, which are inspired by these natural silks. And then put that into
yeast and put into large quantities through which they can isolate and purify the silk protein, you could say. And
then spin that into a fiber much like you would do with acrylic or rayon. So that's a company that's out there and
it's building it today, at scale.

Ellen Simmons: Yeah. I've actually heard of a company that did a collaboration with North Face a few years ago
and created this moon parka and it's this amazing jacket all made of a synthetic spider silk. And yes, the problem
with these is the scale-up challenges, I think, with these types of companies.

There's a lot which are emerging where it's like, they're making real products, but it's about making that product
actually affordable. And to the consumers where, the majority can then replace what they're buying. Obviously,
it's really amazing to make these sustainable materials, for instance; but if they're not affordable, then it's put-
ting a lot of onus on consumers to then buy these premium products.

| would say that a lot of the really exciting stuff that we are interested in synthetic biology is at the stage of “we
can make it and it works,” but it is just impossible to scale then.

That really seems to be me... 1 go to, I'm very involved with SynBioBeta and you can see there, like this is where
all this is emerging and you can see that it's about to get to a point where we are going to be able to afford, to
have a way more synthetically, biologically produced things in our lives.

But yes, it's just the manufacturing of these in a way that means that they can overtake what's already existing in
the world is hard. | would say | did talk about LanzaTech earlier, in terms of the fuels that they produce. They
seem to be doing a really great job and they're cited quite a lot as good examples of things that are going on.
Impossible burger, as | said, is also doing a great job.

| think these alternative proteins that are more plant-based rather than trying to go into lab grown meat is defi-
nitely the way to scale that as well. If you imagine that you can very cheaply produce protein, and, you can make
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quite a nice story about it; if you can make protein really cheap, then it's easy to feed people. But there's even a
lot of thin films, forinstance, being produced from like bio source monomers.

And that's really exciting area because if you think of just electronics use a lot of like polyamide films. So, if you

can then choose these things going into electronics, that's like a massive market. And yeah, | would say the com-
panies doing it are probably the ones who have invested quite a lot in the beginning, in making sure that organ-
ism that they're centering their product around is a good organism for scale.

And | think that's where people just need a lot of work in the early stages as | said to get good models going. The
investment is high, but I think the investor pressure is also quite high. And so, like we can see that often, compa-
nies will need to show their outputs; they need to show it in a small space of time, which means they can't really

make the best thing ever or hire as many people as they want to hire.

I'm really interested to see more of what the bigger companies are doing. And | guess a lot of those say like in
the pharmaceutical space, you'll see that they'll maybe acquire smaller companies that are useful to then allow
them to scale up these smaller biotechs, which is great.

And that's probably going to be the way that it will end up being more scalable is that bigger companies who
want to include this as part of their business will need to take in these smaller ones.

Ollie Judge: So, to open up that, where’s SynBio going a little bit.

We've | think we've sketched out what the current landscape looks like and where things are going up and down,
but I'd quite like to understand, what the new developments in technology are pushing us towards and what im-
pact that can have in different ways? Ellen, you touched on a little bit earlier about climate change and some of
the bigger problems that we're facing at the moment.

So, it'd be good to understand, how far can we go with this? What's the potential now and what are the cool
things that both of you are seeing at the moment that you see on the horizon that you think our listeners would
be really interested in?

Ellen Simmons: The thing | am super interested in is: how making bulk chemicals sustainably at scale, I think is
super interesting. And again, that's something that's going to be really shaped by regulation.

And | think policies will really drive how easily these can take off. And so, | hope that they will change. Like | know
that there's regulations and for instance, with like aircraft fuel that's going to have to shift to being synthetic
and bio-derived in certain proportions.

That's a really interesting area because then you think, then of course we can start producing airplane fuel with
biology, and then that's amazing because then you're taking away like a massive source of fuel use.

And even in the Cambridgeshire and Peterborough area, we are an area that has quite a lot of rural space. And it
means that our emissions are much higher per person, just because people have to drive to get everywhere. And
there's a lot of agriculture and things like that.

These areas where you don't want to say to people “oh, you have to stop driving, or you have to get this bus” in
an area where maybe there's one bus, every two hours. | like the idea that synthetic biology can really drive
down a lot of emissions from people and allow us to continue living our lives, but then do it in a way that is being
a bit more sustainable.

So, I'm hoping that is definitely going to be driven, especially, with conversations happening more recently.

In terms of an area on the other side, which I just find completely fascinating is the area of DNA computing. And
so, that's a bit less about using cells and more about what we can just do with DNA as a material in itself.

And we worked with Catalog, we're working on large-scale DNA data storage. But the area that they're now
looking into more is the idea that you could use DNA in terms of memory on a computer. And | don't understand
enough about computers to really be able to articulate this well, but it's the idea that with DNA, with this code,
you can access all different parts of the code, all at once.

And so, if you can apply that logic to a computer, it can allow you to do things, say for instance, mining of crypto-
currency and do that, and in a potentially way more energy efficient way; and the idea of combining biology with
computers and computer chips is probably the area where I'm just like, “wow!” If that's something that we can
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realistically do over the next few decades, I just think that's going to be really groundbreaking. We're so privi-
leged that we are able to conduct so much business using our laptops.

And obviously we're recording this though on our computers and the internet is a massive source of also energy
use and carbon emissions. So, anything that we can do to change that area | think is really exciting.

Ollie Judge: Kary, your thoughts on the future?

Yeah, it is hard. It is hard to go after that. No, | totally resonate with what Ellen saying, and it's
the reason why we made the effort to launch an initiative, get some kind of funding around it and really identify-
ing, even within a company, which has got 300,000 people who have got talent in all the respective technologies
that you need to make synthetic bio a reality, it wasn't easy. That was like a handful of them in such a big com-
pany that we've got, we've got experts coming out from every nook and cranny.

So just like getting all of them together and then coming to a consensus on what we need to work on and how
does it align with the strategic objectives of the group. That itself was an interesting kind of process to go
through. And now that we've got it, we know that there's so many different kinds of opportunities out there that
we can explore. We've identified a few that we want to go for, whether it's for financial reasons of strategic ob-
jectives or just because it's got social impact behind it.

Ollie Judge: I've got a couple of questions that | want to start to conclude on. But | know that we're trying to
stay optimistic, but I think something that is really interesting is maybe the kind of fear behind synthetic biology.
Are we over optimizing a little bit? And are we losing some of the stuff that maybe we haven't identified why
something is useful, but we're getting rid of it through this process? How as an industry do you guys think about
it and how do you tackle that kind of fear and how do you educate people in a good way that this isn't so big and
scary and science fiction-y and it's more something that's here to help?

So, I'll go first and then Ellen can indefinitely build on top of my poor ramblings. But | think a
lot of the conversation that happens today in terms of criticism is, with regards to GMO. And | do definitely un-
derstand that the GMO narrative exists for a reason and that there've been massive issues in the past.

| do feel that the GMO narrative is due for an update. Because when you think about synthetic biology, not every
process that leverages synthetic biology results in a GMO. And this is partly due to the science.

It's also because of the lack of an official definition or an interpretation of what constitutes a GMO. Everyone's
got their own kind of opinion about it. And this kind of conflation that happens between synthetic biology and
GMO. Maybe it doesn’t even matter if there wasn't like a, long-standing stigma with GMOs in general. But | think
that's something which is really important for us to just as a society and even as an industry to figure out; if syn-
thetic biology is a means by which, you can actually benefit consumers in the environment, then does that cur-
rent narrative and perspective that a lot of critics actually extol, does it actually make any sense?

And so that's like my perspective on this, it's still very broad. | think we can delve into a lot more detail with re-
gards to that. And I'd defer to Ellen to do that because she's thought about this in a lot more detail.

Ellen Simmons: Yeah, | can pick up on that. | totally understand the fear. | think even | will not realize that what
I'm talking about is such a foreign language, even to people that | work alongside at my company. So, of course,
to people who aren't scientists or who aren't interested in these things, it's frightening. But it's very reasonable
for people not to have trust in the governing bodies of wherever they live. | think what's really important is help-
ing educate people in a way that it's really understandable. | think trying to make comparisons is helpful.

We kind of force evolution in our own ways and have done that for many years, with agriculture; it's not as if we
didn't selectively breed things and try and do as much as we could to take advantage of things that we saw as
beneficial.

In the area of medicine, it's really difficult, because on the one hand, you can achieve so much by really under-
standing genomes and being able to edit those. Like you can prevent people having these awful diseases for the
rest of their lives, you can cure you can cure all sorts of conditions that really make someone's life difficult.

The ethics around the boundaries on that is difficult as well because we're as a society starting to see that like
things that we used to think of as severe disabilities and they're just people like us and shouldn't have their right
to be who they are changed.
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| think there's so many mixed feelings about that because we love seeing the progression in the field of “look at
all these amazing things we can do,” and we can grow this and change that and help that person. But it's scary
when you're like, who's actually pushing the pints on this, like who is who's driving what gets done.

And if it gets in the wrong hands, who's going to be able to stop that. There's a really interesting series called
“Unnatural Selection” which involved quite a lot of people from the SynBioBeta community. What that really
tries to unpack is like the democratization of genetic modification, really.

And like, how much power should we actually have to change these things either, in plants or in other people or
in ourselves; if I inject myself with a gene therapy, where do | stop what could | change about myself? | don't
know if you've seen these like muscly pigs that were, from a few years ago and you can change the, I thinkit's
like the muscle cells in pigs to make them really hench.

And it's just are we happy about living in a society where that thing is something that everyone can do? But then
is that the only way that you'll get people to be less afraid of synthetic biology; if they can buy a kit off Amazon
so, instead of buying steroids, you buy some sort of gene therapy instead.

Maybe then people care less about that whole element of things. And it's hard with the recent vaccine hesitancy.
| think it's not fair to demonize those who are frightened of it. And I think it is just a case of it needs to be under-
standable and people need to also see as you said, Kary, what are the benefits and what could this change for
you?

But also realize that, in some of these cases, it isn't perfect. And all we can do is try and say we're doing what we
can to mitigate the risks. And this is the alternative, and with a lot of this stuff, it's like the alternative is unfortu-
nately worse. And just being able to communicate that and bring people in.

So, it's, | would say science communication is something that could definitely improve. A lot of the companies
who are trying to, get their products out, really need to invest in that. | wish | saw more of that. And as the scien-
tists need to realize that, as much as it's important for us to find these cool things, like it's only as good as how
you can explain it.

| think there's a quote from Einstein about that. And, we can't just say, “oh, we know what's best because we are
the people doing the science,” and we don't. And that's the point | made earlier: you can't, you need to bring in
people who really understand the stakeholders.

Yeah, there's definitely a lot more vulgarization that we're seeing. And the topic s, like I said,
it's coming to having its reemergence all over again.

It's definitely going to be a series of transitions, which need to happen one on top of another, in order for this to
start becoming like a new kind of jargon and vocabulary that everyone uses. So, every time a new technology
comes in, you realize when it's reaching a certain point in which everyone understands it, when it moves from
being some kind of technical jargon, to just becoming like a verb that everyone just uses in certain kinds of ways.

We still haven't found a cool verb for synthetic biology. I'm hoping that happens in the next couple of years or
so, but we're already seeing that gradual vulgarization and people starting to get into it in more and more detail.
So, I'm still optimistic, even though | would, | was a bit acerbic in terms of my opinion in the way people think
about it, but I'm still optimistic in the way that it's future is going to be accepted in markets.

Ollie Judge: Running with that optimism, | want to end with a bit of a unique question. So, we know, obviously,
synthetic biology has a lot of applications and different ways that people can use it, but it's not applicable for
everyone. If you're building like a little software as a service thing, probably you don't need a synthetic some-
thing to help you out.

We have a lot of listeners from a lot of different industries and all that kind of stuff. What's the one thing that,
and this can be technology process, whatever, that you think would be applicable and useful in the way of think-
ing that people could apply to their own work? So, it could be for example, that the way that you guys think
about data in this world, because obviously you need it to be very clean and you need to manipulate it in good
ways and understand what's good.

So, if you were talking to someone from any industry, what would you say would be super important that they
could get their head around and potentially use in their day-to-day life?
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I'll go with what I'm more used to talking about, which is if you've got all these different kinds
of data, which are in different kinds of formats and need to communicate with different devices so that you can
get something coherent out of it, we are seeing the same thing right now with all the conversations we're having
in terms of intelligent sensors, 10T, 5G, Edge Al, and Cloud.

So, we've created these new technologies, which are going to have transformative effects on multiple industries.
But the problem is because the data is in different formats and it needs to be converted and be used by differ-
ent kinds of APIs and then be used by different kinds of automation devices, whether they're hardware or soft-
ware, it's creating a real pig’s breakfast when it comes to MLOps.

So, | see a lot of people who are working on it, and they're definitely trying to solve that. If you want to actually
think about how you could apply your stuff from a SAS world or an Al world into synthetic biology, this is some-
thing that we could use, because there's even more complexity that's happening if it's synthetic biology.

So that, that's definitely an easy one. And then secondly, and I'll finish up with that. As you've probably seen dur-
ing this podcast, synthetic biology is made up of so many different technologies mixing up together. And I think
what it offers in a much more framework sense, is how an actual technology evolves and how an actual techno-
logical leap that happens.

Every technological leap happens when you have different kinds of technologies mixing together in different
ways to create something novel. And if the invention that comes out of it becomes successful, then you call that
innovation. So, you can use this framework of the way that, how synthetic biology is actually mixing all these
technologies together to create something new as a reference framework for yourselves in whichever industry
that you work with.

Ollie Judge: Nice point. Ellen, what do you think people could learn?

Ellen Simmons: | think actually some useful verbs for translating synthetic biology is just bio-manufacturing or
bioprocessing, and those apply to a lot more industries then, when you think of it that way.

| would say that generally, yes, If I'm just thinking of any industry you think of, is there anything that we are using
or producing and is there any way that some organism could get involved? | think that's cool. And maybe it's that
you use a lot of paper where's that paper coming from, or maybe you produce a lot of waste of this type of gas,
but what could that gas maybe feed into that could be useful then to make? Just those sorts of thoughts might
be, interesting.

But also one thing I've, been thinking about a lot is the fact that when we talk about this creating models and
simulations, and then using them as inference and predictive predictions for our processes, that applies to so
many things. And | think the principles that are used for converting these like data lakes of wherever you're get-
ting your data from.

And bear in mind, like in a bio-reactor you could be measuring all sorts of different types of data with different
structures and modalities and everything. So being able to take like unstructured or different types of data and
then do something useful with that and create models, which can then feed into something else. | think that
doesn't have to just be biology.

That's one of the really interesting sides of like Industry 4.0 in general. And actually, a lot of those principles are
cross-sector. And | think everything that we can do to try and think of smart ways to do experiments, whether
those experiments are with organisms or with chemicals or with computers in general, can we do cool stuff
there?

And as | said before, like all sorts of different skills are required to actually push forward this ecosystem. I really
liked the idea that, the fourth industrial revolution is about pooling knowledge and trying to push everyone up
together. And a big outcome of that fourth industrial revolution would be that we can do way cooler things with
biology that we wouldn't have even thought of.

And it won't be super hard, and it won't even be a big thing that we talk about. | hope that in five years, no one's
even talking about it as a cool thing anymore because it'll just be so normal.

Ollie Judge: It is easy to see how synthetic biology is a crucial area for solving problems in both our present and
future. And it presents unique opportunities for businesses.

A big thank you to today's guests, Kary, and Ellen for sharing their insights and expertise.
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If you enjoyed this episode, don't forget to subscribe on Apple Podcasts, Spotify, or wherever you get your pod-
casts. This has been Future Sight, a show from Capgemini Invent. We'll see you soon.
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