
Could you explain a bit more about your work 
designing novel protein libraries? 

Most synthetic biologists are taking genes, 
proteins, enzymes, and regulatory elements that 
already exist in nature. They’re reusing them in 
different contexts, for example by taking genes 
from mammals and putting them in microbes. 
But by and large, they’re working with starting 
materials - with a toolbox of things - that were 
derived from nature. What I’d like to highlight 
in my talk, and in this discussion, is that this is 
a limited way of looking at things. It’s limited in 
the sense that it presupposes that all the parts 
that can be used in biology, must have arisen  in 
biology; that all the parts which sustain life, arose 
in life.  While it is true that synthetic biologists 
mutate these and re-engineer them and change 
them, the starting material invariably comes from 
sequences that arose in nature. I think our work is 
somewhat different, in the sense that we’re asking 
whether the building blocks that arose in nature 
and sustain life are the only way to go. Are there 
no alternatives? Are there no other ways to sustain 
life, using sequences that never arose in life? 

Are you researching the alternatives? 

Instead of doing what most people do, i.e. instead 
of taking sequences that arose in nature, we’re 
designing entirely new sequences. We are making 

ARE THERE ALTERNATIVES 
TO LIFE AS WE KNOW IT?

millions of novel DNA sequences that make millions 
of novel genes, which in turn encode millions of 
novel proteins, and then we are asking: do these 
sequences, which never arose in living systems, 
have the capacity to perform life-sustaining 
functions? 

Looking at it from a broader perspective, we’ve 
known since the days of Darwin, and we’ve proved 
in the days of genomics, that all life on Earth arose 
from common ancestry.  Because of this shared 
ancestry, all living systems on Earth do things in 
similar ways. You, me, nematodes, cows, and blue-
green algae use similar biochemical pathways. 
But is that all there is? Are there no alternatives 
to life as we know it? By moving genes from one 
organism to another organism, you are basically 
swapping things from cousins. It is now possible to 
go beyond that, and to come up with entirely novel 
sequences that did not arise through this common 
ancestry, which are not cousins with life as we 
know it. That’s what intrigues us. The question 
is, are there alternatives to life that descended 
from common ancestry? There are two ways of 
addressing that. One is to look for exoplanets 
and find life 2.0 or 3.0 or 4.0; to find life on other 
planets that did not arise with common ancestry. 
That’s option one. We’re not doing that, because I 
don’t have the money to go and find new planets! 
Option two is to make entirely novel things in the 
laboratory. In the way that a chemist would make 
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new molecules, a synthetic biologist might make 
new biologies, new genes, and proteins which 
have never existed before. The question is, do they 
do anything? Can you sustain life by mechanisms 
other than those which life evolved over the past 
4 billion years? 

What are the next steps? 

The next steps are constructing vast collections of 
novel sequences. Constructing large collections of 
sequences is not hard, but many sequences will 
be functionless. If you make random sequences 
of proteins, most of them are not going to fold. 
You don’t want to make massive libraries of new 
sequences, you want to make massive libraries that 
are also smart libraries: collections of sequences 
that are likely to fold into useful structures, and 
maybe have interesting functions. Where we go 
next is to try and figure out ways to make vast 
collections of sequences that have a high potential 
to have some sort of function. That’s point one. 
Point two is to develop methodologies to screen 
or select through these collections and find those 
that indeed have life-sustaining functions. 

We’ve made some progress in that direction, but 
there’s more that could yet be done. Where does 
it go in the long run? Let’s say you take an E. Coli 
cell and you delete an essential gene, replace it 
with a gene that you’ve made from scratch, and 
then show that it sustains life. When you do that, 
you’ve shown that you have a novel molecule 
that can do novel things in a life- sustaining way. 
However, if you take that many steps further into 
the future, and you replace all the genes that 
code for all the proteins in a cell, then you don’t 
just have new genes, or new molecules, you have 
new life forms. That is where a branch of synthetic 
biology, or artificial life, is heading. That, of course, 
opens the door to many questions; philosophical, 
theological, ethical, practical; whether it is done in 
my lab or whether it is done in other labs. I think it 
is a reality that, in the coming years, the possibility 
of novel organisms will arise. That’s something 
that, whether it’s useful for biomedical purposes 
or not, is a real challenge in terms of fundamental 
understandings of what is life and how life arose. 

When people talk about life, there are two premises. 
For biologists, the fundamental premise is Darwin.  
For many other people the fundamental premise 
is that there is a deity. For most of humanity, 
when you talk about life, the two assumptions 
are either evolution as we understand it, or some 
sort of divine intervention, or both. If you talk to 
the billions of people on Earth, those are the two 
things that people will talk about when they talk 
about life. I think that today – because of our ability 
to construct new molecules, new genes, and new 
proteins – we are at a point in time where we can 
think about life with neither of those fundamental 
assumptions in place. We can now think about life 
that did not evolve through Darwinian processes.  
We are entering a time when people can make 
living systems de novo.  

What are the key technologies or what kind of 
companies are you working with to facilitate 
this? 

If you’d asked me that before I got here, I would 
have had trouble answering it. But even in the 
first few hours that I’ve been here, I’ve heard talks 
from companies or academics who highlighted to 
me how the technology for high-throughput and 
parallel-processing technology has advanced. If 
I’m really thinking about making new genes and 
new proteins that can perform life-sustaining 
activities, I’m not going to make just one.  If I 
make one, it’s likely to fail.  Therefore I need to 
make vast collections, and then screen and sort 
through them for the ones that have interesting 
properties. I’m impressed by how sophisticated 
high- throughput analyses have become, so that 
you can now do experiments on a nano-litre scale. 
I’m used to the idea of looking at millions of things 
in parallel; with these new advances, it becomes 
possible to look at billions of things in parallel. If 
you think of life, Darwinian selections did not occur 
on a few cells, they occurred on vast numbers of 
cells over vast numbers of years. If you’re trying to 
think about life 2.0, you want to have the capacity 
to sample many possibilities. I’m impressed by the 
technology that people are showing where they 
demonstrate enormous high-throughput abilities. 

SynGen Series - Q&A Session marketing@oxfordglobal.co.uk

https://www.oxfordglobal.co.uk/

