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[0:00:00]
Peter Rees:  This is a recording of David Klenerman by Peter Rees for the Cambridge History of Innovation Project on 5th March 2025.  David, when and where were you born?

David Klenerman:  I was born in Wrexham in Wales in 1959.  

And what were you like as a child?

What was I like as a child?  I mean it’s hard to know what one was like as a child.  So I didn’t grow up in Wales, I spent year zero to one in Wales and then we moved to London, so I grew up in north London and, due to my dad, we were encouraged to do a lot of sport, so I did a lot of swimming and we did walking holidays and ski-ing as a family, and encouraged by my parents, you know, to try and do as well as I can academically.  So I went to a local primary school on Fitzjohn’s Avenue in Hampstead, and initially a nursery school in Hampstead, and then Fitzjohn’s Primary, and then I spent two or three years at William Ellis in Highgate, and then my education was O levels at the time, and A levels were done at City of London School at Blackfriars.  And then I went on to Cambridge.

And what was your experience of education like?  What subjects did you take to, or any important mentors, teachers?

I think I liked, so I think you don’t know what these subjects are really going to be like until you get to university or doing research, but I liked the more physical sciences: maths, physics, chemistry, which are all quantitative.  Less so biology, which seemed to be very qualitative, and I didn’t have a natural bent towards the humanities, so I did very generic O levels, apart from doing Latin and Greek as well as the standard subjects, and then did double maths, physics and chemistry at A level.  And probably - we had a very good chemistry teacher at City of London – so that probably biased me a bit towards chemistry, which seemed quantitative but a bit more applied than physics.  And then I came to Cambridge and then, as you know, you do natural sciences so you don’t actually need to choose what area you’re going to work in, study.  So I did physics, chemistry, maths and… what was it called?  Essentially cell biology, in the first year, and then double chemistry, maths and then chemistry.  For the same reasons, chemistry seemed quantitative and applied, but not as pure as physics.  And then once I’d done my degree, I decided to stay on and see what research was like.  So I…

Did you have any summer experience, summer job or…?

So I had, my research experience was quite limited, so at the time there were Oxbridge scholarship exams that took place in what’s the Cambridge Michaelmas term, so I did those, and then you have effectively eight months, ten months before you come to university.  So in that time I got a job at Unilever in Isleworth, doing quite an applied project looking at sort of the inorganic chemistry associated with tooth decay and the loss of, you know, dissolving your teeth and designing effectively better toothpaste, which was quite enjoyable, probably at the time I didn’t really appreciate exactly what we were trying to do, but you know, it was enjoyable and I got some flavour of doing research.  But then there wasn’t really the trend there is now to do summer jobs in labs, so my own experience of research had been practicals, which are sort of the opposite to research, in that, you know, if you do it properly you get the right answer and you can write it up.  [0:05:08]  Whilst research, you don’t know how to do the experiment and normally it doesn’t work and you have to figure out how.  So my experience was a bit limited, but I thought, you know, PhD sounded exciting and an opportunity to see what real research was like.  So I went and looked at PhD places in Oxford, Bristol and in Cambridge, and what I, what seemed very trendy at the time was watching, learning about the fundamentals of reactions between gas phase molecules and seeing, trying to understand how that reaction took place and where the energy went in the products.  So the PhD I eventually chose was in Cambridge, and I think with the benefit of hindsight, was over-ambitious.  So it turned out, which I didn’t know, it had originally been a postdoc project that hadn’t worked very well, and it was this technique called infrared chemiluminescence where you have a gas phase reaction that produces, releases a lot of energy and some of the molecules are vibrationally excited, and this is the basis of chemical laser.  So it was maybe, you know, jumping in at the deep end.  So I had this room, a lab, maybe twice the size of this space we’re in, with a massive pump to- what you did is generate radicals, so you had hydrogen interacting with fluorine atoms, so you make the fluorine atoms fight with a microwave discharge.  So I built some gas handling to do this, and then there was a massive chamber where the reaction took place, and then these big gold mirrors to collect the infrared chemiluminescence.   And then that light went over to a home-built infrared spectrometer to look at the emission spectrum.  And so that infrared spectrometer hadn’t been gotten to work, so it was all analogue and with feedback circuits, so it took quite an effort with the help of one of the postdocs to get that all working.  And, you know, so I think it was good training in how to get experiments to work, but you know, I only got it working right at the end of the project where I got spectrum, which, you show something about where the energy went.  And at the time I couldn’t even stay on and do--at the time it was only three years, it was three years, had to be three years because my supervisor got a chair at Birmingham so was packing up the equipment and moving it to Birmingham.  So I wrote up my PhD and, you know, at the time I felt I hadn’t done, I felt I’d been hindered by not having as good equipment as was available.  So I had contacted various people in the States about a postdoc, and I got a postdoc with Dick Zare who was based at Stanford.  And it was very fortuitous because I’d written to Dick, and Dick had thought he’d encouraged me to apply for fellowships to come to Stanford, and I hadn’t understood this, and so eventually he phoned me and offered me a place, which he paid for, but I did get some funding to help a bit.  So I ended up going to Stanford for two years.  And that was very different.  I mean, you know, culturally it’s very different, you know, the difference between the West Coast and Cambridge was much more marked than it is now, you know, Asian cuisine was everywhere in San Francisco, very little here.  They had cashpoint machines and things, we still went in banks, and chequebooks.  So it was culturally very different.  And scientifically, all the lasers were made in Silicon Valley so we had access to a lot more laser equipment.  And it was a very big dynamic group.  But again, you know, the project was quite challenging, the project was to try and break chemical bonds with a laser.  So it was very colourful, I had a red or green laser and put the molecule of interest inside the laser cavity and then tried to see if I could chop off a particular bond selectively.  [0:10:11]  And essentially it didn’t work particularly well, it was very easy for the energy to get dissipated and heat the molecule up, but it was a great learning experience again.  So at the end of five years of research, you know, I’d done quite a lot, that experience working in the States, but hadn’t really been that productive in terms of papers.  So I had two papers with Ian, you know, written up in the Faraday transactions, and then a couple of low-level papers with Dick Zare.  And then I was looking for what I needed to do next.  So the choice was to come back and move into academia, which seemed a little bit hard because I didn’t have a stellar track record.  Then I heard that BP were trying to set up a laser spectroscopy group and were trying to recruit people with the right background, so I applied to BP and I got that job.  So the vision at BP was they’ll get state of the art technology and they’ll apply it to important oil industry problems.  And this would enable them to solve or improve processes and save them money.  [coughs]  So the types of problems we were interested in were how corrosion inhibitors work and could we make them better, and BP used a lot of corrosion inhibitors on the Alaskan pipeline.  So I mean they’re quite cheap but you use them at volume and there were interesting problems, because they have oil and gas and you can get cavitation removing the protective layer, so they needed very effective corrosion inhibitors.  So I worked on that.  I worked on lubricants, trying to understand how lubricants actually work, and…

Where were you based?

Sunbury.

In Sunbury.

Yes.  And then probably sort of a good exemplar of an industry problem was something called gas hydrates.  So if you have water and high-pressure gas, it can form an ice-like substance, which has a water cage with gas molecules inside.  And certainly in Russia, you know, they have a lot of these gas hydrates, and so you can make them by having, mixing water with pressurised gas – methane, ethane – and then after a while, suddenly the pressure goes down and if you open up the vessel you’ve got this ice-like substance in, and you can literally set fire to it with a match.  So, I mean that was something I’d never been exposed to, so that was, it’s very interesting because the fundamental process of how a hydrocarbon, a hydrophobic molecule interacts with water.  It’s very, very basic.  But for BP the problem was that they had water and gas going deep under the sea and these gas hydrates were forming, blocking their oil pipeline, and they wanted to develop inhibitors to stop this.  So for me that was probably the best exemplar of how - and they assembled a multi-disciplinary team to tackle this problem - so for me that was one of the great exemplars of a really interesting science, applied science problem underpinned by important basic science that we could try and tackle by working as a team.  So, yeah, it all went pretty well at BP.  You know, we, I mean I had a whole lab of state-of-the-art laser equipment, a lot of sort of freedom, and being challenged to tackle the problems that I hadn’t thought about and most people weren’t thinking about, sort of motivated by the types of things they were interested in.  And then, you know, the oil price crashed and the company, the way it was set up is BP Oil, BP Chemicals, were supporting the research centre, they thought well, why should we be putting our money in when we don’t have enough money, so started to reduce the spend.  And so there was a big round of making people redundant at that point, and because my work was useful I stayed on.  [0:15:00]  And then, you know, essentially they had a problem because they had capital depreciation on over a million pounds’ worth of laser equipment, which even if they got rid of me they still would have had, and so they basically decided that they would donate, or sell the equipment to Cambridge University for a pound, and set me up with the laser equipment for five years.

Gosh.

So I’m very grateful to them for doing that, because that was quite far-sighted, and I think in general they did look after the people that they made redundant.  I’ve been to meetings and a lot of people bounced back from that experience and used the experience of working at BP to, you know, to have very good careers in other areas.  So anyhow, in 1994 I arrived back in Cambridge with a lot of equipment, funded by five years by BP as a assistant director of research, which is the lowest level of academic that’s possible, and I started an academic career.

At that point, may I ask a few questions about that?

Yes.

So, back to your PhD project, you mentioned that this was an over-ambitious project and that you felt hindered by the lack of, maybe lack of equipment?

Yes.

Can you just describe what your experience was like doing almost a three-year project and not having the success, the instrument?

I mean I think it… I don’t think you have any point of reference, I think, when you, certainly at that time when you start doing a PhD.  So I don’t think, you know, anyone told you how fast things should be happening and where you needed to be at a certain length of time.  And to be fair, the PhD, you know, you can write up without any results provided you explain what you exactly have done.  So, I think the first year was just getting used to doing research and this idea that I hadn’t really been exposed to that much, that you needed to figure out how to do the experiments yourself, no one told you, and you had to have a, find a way of working, identifying what the problem was and then come up with a rational way of fixing that.  You know, so typically, you know, there are twelve different things that have to work for the whole instrument to work, and then if the whole instrument’s not working, which of those twelve different things is not working.  So you need a way of checking each one so you can work out what’s gone wrong and then fix it.  So, I think my first year, year and a half was learning that and getting some confidence that I actually could do this, and could problem solve.  So I think that was invaluable.  And then I started to get data, I mean I started to be able to see spectra, they weren’t what we expected to see, which was a different issue, but I started to get data and then started, I changed the chemical reaction, I got, you know, much better data.  And then we had someone visit from Canada, and I showed him the data and he explained to me that because there was water vapour in the lab, I was seeing a lot of absorption of my signal by the water vapour in the lab.  And that, you know, I had a lot of water absorption compared to what he saw in Canada where it’s very cold and it’s dry.  So once he’d explained that, then I could make sense of my data.  But the, you know, at the end of the day, what we were doing were details on top of what had been done by the group that pioneered this technique in Canada, John Polanyi’s group.  So, using an instrument that was quite novel but got superseded by a Fourier Transform Infrared spectrometer that worked better.  So at the end of the day, I mean I sort of confirmed other people’s results and my results weren’t that exciting, I would say.  And, you know, I had enough to write up a thesis, and with Ian turned it into papers, you know, there was a slow but steady progress, but it was quite hard, I would say, and, you know, quite a challenging project with lots of things to solve to get it to work.  [0:20:12]  But like I said, I had no point of reference, and to be fair, most of the other people in the group were doing equally difficult, slow-moving projects.  And even now running a group, it’s still the same, it takes a good year, year plus for people to get their research up and running, even if all the equipment is state of the art, because they just have to learn so much.  And then when they start doing things, they don’t do them correctly or make mistakes and they have to learn how to fix them, so it’s a good year to get going and understand the pace of research and understand what’s required.  So I don’t think it was…  And when I was a student, so I was doing other things at the same time, you know, I played water polo and squash and things.  So I mean I worked quite hard but, well, I thought I worked quite hard, but, you know, not as hard as you do when you work fulltime in industry or you’re an academic, you know.  So, I think it was sort of par for the course and any difficulties were offset by, you know, busy doing other stuff as well.  

And being in Cambridge, the lasers, were you conscious that there were better lasers over in California or in Canada?

Yeah.  No, I think, you know, we went to meetings and it was clear that, certainly at the time, that the technological advantage was all in the States, they could just do much more sophisticated experiments than us.  And, you know, they were better resourced and they had closer access to this equipment, you know.  So when I was in the States we had Spectra-Physics lasers, Spectra-Physics were five miles down the road.  So it was very easy for them to come in and fix things.  If you had a Spectra-Physics laser in Cambridge, you know, there was a European engineer, maybe based in Germany, who had to fly over and come and fix it, so the whole thing was much, much slower.  So definitely at the time they had a technological edge.  Nowadays, I think it’s all very equalised and culturally the difference between San Francisco and Cambridge here is it’s far less, you know, everything’s globalised, so it’s far less than it was then.

One question from earlier I forgot to ask was, your parents, who were they and what were they like?

So my mother and father grew up in Johannesburg in South Africa and met at university, and my dad trained as a doctor, he was an orthopaedic surgeon, and then – when was it – I think it was the mid-fifties, in the mid-fifties the Afrikaners got into government in South Africa and a lot of the English speaking liberals left because the Afrikaners brought in the apartheid policy.  So in the mid-fifties they came to the UK and one of the first jobs my dad got was at a very good orthopaedic hospital in Oswestry, so that’s why I was born in Wrexham.  Then he moved, after a year, to London, I think worked at the Middlesex, and then Northwick Park.  And my mum, she did a little bit of research at Hammersmith Hospital for a year, but basically became a fulltime mum.  So at the time there were lots of Jewish descended white English speaking South Africans who left South Africa, you know, so Sydney Brenner, Aaron Klug, and all these people left at a similar time for similar reasons.  But, you know, they had the sort of culture of the importance of a strong education, it's a very… a lot of emphasis put on doing well academically, which I managed to do, but it would have been more challenging if I hadn’t, I think.  [0:25:11]  Yes, so we grew up in Hampstead and then moved to what’s called West Hampstead, near Cricklewood Avenue, and then my dad could afford for me to go to City of London School, which was private, but then I got a scholarship, so both me and my brother had scholarships.  Yes, so I think the high emphasis on academic achievement, and also sport because my dad had been a swimmer, he would have gone to the Olympics if there hadn’t been a boycott of the South Africans.  And so he was very keen that we both swam and very keen that we did a lot of sport, so I did a lot of that as well as a child, and continued at university.

You were elder or younger brother?

I was the older.  I’ve got a younger brother who’s three years younger than me, who did medicine at Cambridge, a PhD at Oxford, and now is a professor at Oxford.  So he’s a clinical researcher.

And you mentioned Sydney Brenner, Aaron Klug as similar background.  They were also in Cambridge?

No, my mum knew Sydney Brenner, but we weren’t friends with any of these people, we didn’t interact with them.  But they’d known each other, well, been aware of each other in Johannesburg and were aware of each other.  Well, they probably weren’t aware of us, but we were aware of them here.  But it’s just much more that there was this group, not large, but exodus of white English-speaking South Africans at that time, lots of people did the same thing.  

Moving forward, when you had the Stanford postdoc, your postdoc, what was, you described the culture was slightly different there.  So can you describe the lab culture and how it was different?  Were you working longer hours or…

I think that the main thing was the guy in charge, someone called Dick Zare, who was really, wanted to empower his students and postdocs to do the best science, and he was just incredibly enthusiastic about science and sort of created a lab where there was sufficient money, you know, for you to try out your ideas, and was just always around, very happy to talk and very enthusiastic.  So it was different from Cambridge where I felt I was limited by the instrumentation and in Dick’s lab, you know, if you had a good idea you could sort of try it, and he was bouncing ideas around and encouraging these people to try them out.  And then it was a very big group, it was about forty people, very multicultural, and I think the nature was that everyone pretty much wasn’t a local Californian, and so people had to find their friends inside the group.  So there was quite a, I mean I wouldn’t say we, we were in the lab for long hours, but quite a lot of it was social, we would go out for dinner and come back, and this type of thing.  Which hadn’t happened in Cambridge with the college system and things like that.  So it was quite a supportive group of people, from all over the States, but probably not Californians, who were all in the same boat, you know, they didn’t know many people and their social circle was the group.  So that was quite supportive and also meant I learnt a lot of science from learning about what these other people were doing in their projects.  So it was very, I learnt a lot of science, you know, was well supported and got to do some more cutting-edge science in Dick’s lab.  But I think probably the most important thing was, you know, as a supervisor, was learning, you know, to just encourage people to try out their ideas and giving them a chance to do that.  

Can you recall any example of where you were able to try out an idea?

[0:29:55]
Oh no, I mean I tried out lots of ideas and a lot of them didn’t work, but we were trying to see if we could choose the right system to cleave chemical bonds.  We built a apparatus to do this at much lower temperatures because we thought, you know, that might actually help, so we got that built and designed in Silicon Valley.  So I can’t think of one specific, I mean it was all in the space of trying to do laser induced chemistry, which was one of the sort of big visions at the time.  But there was nothing very specific, just lots of examples where I could try things, and buy things that I needed to try them.

And then that decision of academia or to BP, was that at all difficult for you?

Not really, because I mean I got a good offer from BP and didn’t get, I mean I didn’t try that hard for academic positions, but didn’t get any, so it was pretty straightforward.  And it seemed, certainly at the time, it was quite, still quite tough to do hi-tech expensive laser research in the UK, whilst, you know, in industry they were quite prepared to put large amounts of money in behind this concept of focussing this high technology on their oil industry problems.  So it seemed very fortuitous, I would say.  I didn’t try so hard, I got the job, it seemed, visited, it seemed a great opportunity, which is what it was, really.  I think that the equivalent of going into an academic lab and fighting for money, I would never have got access to all the equipment I got access to at BP.

And you described the teamwork as multidisciplinary as really important, could you talk me through that?

Well, I mean it’s very different from when I got to Cambridge, the way people operate.  So the main idea is that there’s a problem you want to solve and you assemble a team of people with complementary skills, and together you can tackle the problem.  So what you learn is you don’t have to understand all aspects of the problem, you have to understand enough of the problem and be able to contribute your expertise, and that together you can solve a major problem.  And that’s not how academic research, certainly was done when I was a student or when I came back to Cambridge, it was still very unusual.  So, I gave you the example of the gas hydrate project where, you know, my job was to actually characterise the gas hydrates and actually see what the structure was, try and see how the inhibitors were interacting with the gas hydrate.  Other people were trying to design the inhibitors, other groups of people had set up this large test lab to test all these inhibitors.  And we would have regular meetings to discuss what we should do.  So, yeah, it was a team of, you know, half a dozen different disciplines all tackling an interesting problem, which I’d never been exposed to during my undergraduate or PhD or while I was at Stanford.  And the other thing was seemingly the very complex problems that could be sort of reduced down to a, simplified down to effectively an applied chemistry problem, like the gas hydrate.  So you started to realise that things might not be as complicated as they seem if you thought about it the right way, and had some confidence that you could then tackle big and important problems by teaming up with people’s complementary expertise, which is, you know, when I got back to Cambridge I thought, great, there are all these people with complementary expertise, let’s go and do some interesting things.

Just on that BP, so roughly six different disciplines.  How many people and what was the, were you managing people?

[0:35:04]
I didn’t manage, it was quite a flat structure, so there was a laser spectroscopy group with the head, then three or four effectively people who had done, were qualified, you know, PhD and postdoc.  And so you’d effectively have a postdoc from the laser spectroscopy, a postdoc from the various other groups, so that there’ll be a group on the inhibitor design, and there was a group on molecular modelling.  So from all these different groups people would be contributed to the team working on this project.

And the sale for £1 to the University of Cambridge, did you have any part of that decision?

No, I mean that was all quite a stressful time because it wasn’t very clear what was going to happen, and it wasn’t very clear, you know, if the deal would go through.  So that was a difficult time, I would say, and I wasn’t really involved in it, there was a lawyer who was negotiating that.  So no, I had very little involvement.  I mean Cambridge were keen, had the lab space, but it was… it still took some time to sort out all the legalities.  But I wasn’t involved in that at all.  But, you know, knowing it’s happening, but knowing it hadn’t been completed was stressful because there’s always the opportunity for something to go awry.  But that all happened and then the equipment moved and I moved back to Cambridge.  So it was in 1994. 

And what was it like to come back?  How did you begin to work?

So, I mean it’s a bit the opposite of how people normally start.  So normally they start with an empty lab and have to bring in the equipment.  I came back and had a complete lab that was a replicate of all the equipment I had at BP, and I had no people.  And so I had to get some students and start doing experiments and I, you know, originally I planned to continue doing the things I’d been doing at BP because they were working.  So this was understanding how corrosion inhibitors work and doing Raman spectroscopy on lubricants and things.  And we did some of that, we got some money and we built another laser system to do the types of experiments we were doing at BP round the lubricants, but it became clear that Cambridge, and particularly the head of department, you know, didn’t think that doing such applied science was really what should be going on.  And it also became clear that it was going to be quite hard to get funding from the research councils to continue to do that.  So, I effectively pivoted and started applying the same methodologies to biology, and that all came… happened because I joined a college, Christ’s College, quite early on after I arrived in Cambridge, and the organic chemist at the college who recruited me was called Chris Abell, and when I spoke to Chris he mentioned that his former student had also – he’d got a Royal Society Fellowship – had also just joined the department and had a particular problem that I happened to have the instrument that could make the required measurement, the confirmation of a particular enzyme of DNA polymerase [0:39:33].  So I met up with this person, Shankar Balasubramanian, and we started doing this experiment.  And then we got talking and realised that we might be able to do other experiments together because Shankar worked on DNA polymerase and how it copies DNA, and at the time there’d been this big advance in physical chemistry, the ability to look at single molecules using fluorescent spectroscopy.  [0:40:01]  And that was very exciting because you could watch biology in action, so it was a switch, you know, the focus was on biology, not on the more physical side of corrosion inhibitors.

May I just ask – the pivot to biology, that had already, that had happened before you’d met Shankar?

No, no, Shankar sort of, that was the first, first attempt at using our instrumentation on biology.  And so, trying it with Shankar, on my side there was a realisation that there were lots of interesting things we could do, shooting our lasers at biological samples rather than studying corrosion inhibitors.  And, you know, so we built on that, we got, you know, there was a big advance in being able to see single molecules, and collectively I think we were quite naïve on this, we wrote a joint grant to use single molecule fluorescence to watch DNA polymerase.  So Shankar was doing the lasing, I was going to build the first single molecule fluorescence instrument in the UK, Dick, it turned out, had built one of these instruments.  So Dick was very supportive that we would get his expertise to help build this instrument.  So we got this grant funded, by the BBSRC, which was my first research grant.  And, like I said, we were quite naïve, because we only asked for two years’ funding which, you know, normally people ask for three years’ funding, but we thought it was a two-year project.  I never really thought if you’re going to write a grant you might as well make it three years.  So anyhow, that’s how we started.  So we built the instrument and started, you know, trying to watch DNA polymerase copy DNA.  And then, you know, building on that I started collaborating with other biologists with other interesting problems, which was sort of the same view, that, you know, I didn’t have to be expert on the biology, but we could work together to solve big problems.  But when I started, you know, for the first few years it was very focussed round working with Shankar.  

And when you wanted to watch the DNA polymerase, why in the first instance did you want to do that?

Well, we just wanted, I mean my side I just wanted anything, any interesting biological problem that we could look at.  You know, I was not that fixated on the problem, I just wanted a system that was of interest to people that we could try out this technique.  So it could have been some other biological problem.  It was just that, you know, from Shankar’s point of view, DNA polymerase copying DNA is fundamental to life, it’s a really key process, so that’s why he was interested in it.  So applying our technique to a very fundamental problem seemed a good strategy rather than, you know, some rare process that doesn’t happen that often, you know.  So that’s why we ended up studying that problem.  And it turned out, you know, DNA is good because you can make it very easily, you can label it.  You know, it’s a very tractable problem.  Some of the other problems we worked on were much more challenging because it was very difficult to make the proteins you needed to do these experiments and even more difficult to label them with fluorophores which is what we needed to do our laser spectroscopy.  So I think DNA was a good choice, it was important enough and tractable, by working together.

And just to clarify, those other potential… they came later, after this?

Yeah, they came later.

Okay.  So you only focussed on the DNA.

Yes.  So later came protein folding with Alan Fersht, we tried doing that.  And then protein aggregation with Chris Dobson, which is, you know, so-called protein misfolding where they form into toxic aggregates that cause neurogenerative disease.  That all came later.  You know, at the time we were very pleased, it was very exciting to just see single molecules, it’s like, you know, as a chemist you talk about molecules all the time but you’ve never actually, you see billions of them, to actually see individual molecules and you could watch them diffusing around, you could see them undergoing confirmational changes, it was very exciting time and quite thought provoking about, you know, the types of things that you could do if you could do those types of experiments.  [0:45:24]  It was quite a creative time.

Were there criticisms of this new creative technology and approach?

No, no.  I think, you know, we got it funded, I think it was the cutting edge, I think the department, I mean sort of one of the early biophysics types of experiments going on in the department, but I think everyone, you know, people were generally supportive of this.  So no, I think it generally, with the benefit of hindsight it was a very good strategic move, but generally was much better supported than studying corrosion inhibitors, and could be published in more classical journals than Corrosion Science or something.  So I think it was generally well received.

And so how did the experiment and development in the technique play out?

So, I mean the experiment turned out to be more difficult than we imagined, which is normally the way.  Essentially what we did is get, have the DNA we wanted to copy on the surface all ready to go, and the enzyme, and we would add a trigger, which was magnesium, and then the polymerase would do the copying.  And we had to capture that when it happened, and then if we missed it or saw it, we then had to take another slide and repeat the whole process.  So it was quite an elusive process to actually capture and one of the problems was that the way we were doing that is we’d have a surface like, you know, a big surface with lots of molecules that were going to be copied, but we, the instrument could only look at one of these molecules at a time.  So we’d have millions of molecules being copied but we’re only looking at one of them at a time, because we were using a so-called confocal microscope.  So, you know, this is where the DNA sequencing comes in, we’d been, Shankar, we’d been having some discussions about how we might repurpose what we were doing for sequencing, because it’s essentially copying the DNA with colour-coded bases, that’s essentially what sequencing is.  And Shankar, one of his postdocs had tried making a modified nucleotide, because part of what you’re required to do is just put one nucleotide in.  So the DNA polymerase if given nucleotides were just put in large numbers, one after another, but unless you can keep up with it you need to ensure that it only puts one in, so you need a block.  So they’d been working on making a block that could then be removed so we could do the next cycle.  And I’d been thinking about why our sequence...why we couldn’t capture this rare event, and so it had been published that you could start to get these highly sensitive cameras so you could look at large number of molecules on the surface all at the same time.  And so it seemed that that would be very attractive for our project.  And then, you know, Shankar had a different view of this, but for me I was on a plane and just thinking about this and then started working out, if we had a camera, how fast we could sequence if we put in nucleotides.  So we image a region of the surface.  So we have a large surface, we put in nucleotides which are colour coded and blocks so they only get, one gets incorporated, we image as much of the surface as we can in one go with the camera, and then the next part of the surface and the next, how many, how long it would take, how fast we could record the nucleotides that had been incorporated.  Which turned out to be pretty fast.  And then once you know how fast you can read the nucleotides, you know, which is a rate limiting step, you can work out how long it would take to sequence a whole human genome.  [0:50:00]  So there are three billion bases in a human genome and, you know, if you can image a thousand incorporated bases in ten seconds, you could work out it would take five days to sequence a human genome.  And, you know, that was orders of magnitude faster than any of the technology.  So I was on this flight to this wedding in Germany.  When I got back, I mean I wish we’d kept the piece of paper, I wrote down this calculation on a piece of paper and put it in Shankar’s pigeonhole.  And very, half an hour later Shankar came down and said this is very interesting, we ought to do something about it.  And, you know, that’s, on my side, where the idea came from, probably my contribution is realising we could parallelise it and having the imaging technology to actually see the nucleotides being incorporated.  So we imagined doing it on a single molecule basis.  Lots of single molecules at the same time and doing multiple rounds of sequencing, but it only needs to be thirty rounds and then you’ve sequenced the whole human genome and can assemble it.  So that was sort of the idea.  And so, we had that and we had Shankar’s nucleotides and we didn’t quite know what to do.  So, at this point, you know, we wrote an abstract for the Wellcome Trust to put a grant in to give money to do this.  At this point, I think Shankar went to a meeting held by Abingworth, which is a venture capital firm in Christ’s College, and then, I can’t quite remember how it came up, but we started talking to the then Master of Christ’s, Alan Munro, about how we might form a spinout to commercialise the idea.  And Alan had formerly, formerly had a spinout company, which I’m blanking on the name now.

Cantab Pharmaceuticals?

Yes, yes, yes, that’s right.  And had been a consultant for Abingworth.  So Alan was, you know, essentially you're going to need increasing amounts of money and you’re not going to be able to get them from a research council, then maybe you should form a spinout.  Which turned out to be excellent advice, but, you know, we hadn’t really thought about this.  So he organised that we went down to speak to Abingworth.  And so we went down with a very simple presentation about the concept, but this was not what they were used to seeing, because we had basically no data to say that this idea would work.  So essentially we’re saying, look, we’ve got this concept for this highly, high speed, highly multiplex sequencing technology based on single molecule fluorescence that will speed up sequencing by a factor of a million, but it’s very conceptual at the moment.  So they normally would be expecting some of the key, some evidence that this would work.  So no data, but on the other hand, this was something that, you know, normally I think they get companies, you know, will improve a process by a factor of ten, and we were saying a factor of a million.  And it was very clear that there was a massive market for this.  We were not going to have to persuade people to buy this instrument if we could get it to work.  So we went back and forth to Abingworth for about nine months, but they were the only VC that we ever spoke to.  And eventually, after several rounds of due diligence, one of the Abingworth people persuaded them to invest, John Berriman, who should be given some credit because otherwise it’s not clear what would have happened.  I think what would have happened is we would have gone round to other VCs and seen if we could persuade them.  But for Abingworth they put in half a million pounds, which is not very much, but a lot of management time in shaping the company, and so we formed a spinout company, which was, you know, quite unusual at the time.  So this is in 1997.  So Richard Jennings also should get mentioned because he was very facilitating in, on the Cambridge side, in getting the company founded.  [0:55:07]  So, Richard Jennings is now replaced by the whole of Cambridge Enterprise.  So Richard did negotiations himself, and I don’t think was very demanding in terms of what the university got.  It was much more, you know, we’ll get a fair share and let’s make sure the company’s formed and we’ll see how well it goes.  So, setting up the company, I think, was fairly streamlined with the help of Richard.  And then we started with two postdocs, two or three postdocs in the labs in, at Lensfield Road.  And that caused a bit of friction because, you know, they were, it was a… an agreement between the company and the university to fund the postdocs inside the department.

Between Abingworth and the university?

No, no, the company.  The company was formed.  The company had money, the company agreed a agreement with the university.

Okay.

But it’s still a little bit unusual, said so, the department weren’t so pleased, although some, maybe one or two people who protested a little bit about that.  Now it’s the norm, but back then it wasn’t.   And so…

So they were protesting against the use of the lab space?

I’m not quite sure, just the general principle of doing spinout research inside the department, I would say.  But I mean that didn’t stop it happening, so it’s all fine.  And, you know, we did some very, very simple proof statements in the department, like we could see single molecules, we could see single molecules of DNA, we could see a nucleotide be incorporated into a single molecule.  And then we moved out to Little Chesterford, it’s just south of the Sanger Centre.  And I think we’d got about ten people, we went from three to ten, and we got a CSO in, and that was now to start doing the nucleotide chemistry that was Shankar’s part, you know, build a proper instrument and generally, you know, get the whole process working.  And then we went from there, so grew ultimately over ten years from ’98 to 2007 it grew to 170 people.  So Alan was right, we got this massive exponential increase in money as we hit the milestones.  The milestones were very straightforward in terms of, can you see DNA, can you incorporate a nucleotide, can you get, and then get the process more and more efficient with low error rates.  So it was very cyclic, as is the process, we just had to get it working and get it working better.  And, you know, Abingworth and the other investors were very good at getting us access to the technical expertise that we were missing to get it all working, you know, which was in bioinformatics, surface engineering, etc, etc, and on the business side.  And the other thing to note is we had a scientific advisory board, which was slightly unusual for small spinouts, but that was set up by Alan Williamson, who was former Merck, and we had all the four leaders of the Sanger Centre on that.  So, you know, so we had the end users, who we hoped to be the end users on the SAB, so, you know, so we had these very bizarre meetings when we started where we’d have the two or three postdocs presenting, we were trying to incorporate one nucleotide into DNA, and we had, you know, about eight advisers of the SAB, plus me, Shankar and John Williamson, you know, discussing the results.  So it was slightly bizarre for the postdocs.  And then we went from there, you know, then we had equal numbers of people, and then more people than SAB.  But the SAB, I think, was very good at just keeping us on course to, you know, do what we said we would do.  [1:00:02]  And, you know, so that’s what happened between ’98 and 2007.  So my role initially was very hands-on, there were people in my lab doing these experiments, so I spent a lot of time on it, you know, which was time I wasn’t spending on my other research.  And then once it spun out, you know, we would spend a day a week, then it was a day a fortnight, and then it reduced with time as, you know, they needed just strategic advice sort of monthly, I think.  And, you know, it was much more about details, about getting the process to work than sorting out major strategic questions.  And a lot of the postdocs in the group, Shankar’s group and my group joined the company, you know, some of them are still there.  So it really did create jobs for these people and, you know, pretty much everyone we hired was very high quality, and we were getting people who, you know, had managed eighty, a hundred people in industry with which we had no experience of.  And we, you know, were asked very early on if we wanted to spin out with the company and we both said no because we don’t have the skillset to manage a company and deal with the business development side.  Or even, you know, on my side, just managing a hundred people, you know, I’m not- I’m sure I could learn, but that’s not really what I wanted to do.  And I think getting in the people with the experience really, really helped.  So, the company was just very focussed, a very technical, single track development project, for ten years.

May I ask a few follow-up…

Yes.  Sorry, yes, yes.

Oh yeah, thank you, thank you.  So first, the setting up of the company, I noticed in some of the papers that you showed me the Wolfson Unit was where some of the board meetings would take place.

Yes, that’s where.

Is there anything else you recall about that, the process of setting things up and was this a completely new thing to you?

No, I mean it was entirely new to us.  I guess we did ask a few people about, you know, whether what we were being offered was fair.  I mean, Abingworth’s view is, you know, of course it’s fair because otherwise we wouldn’t be in business.  But, you know, I guess we were much more excited about actually doing it and getting on with the science, I guess we were both much more driven about seeing this as a way of fast-tracking to see if our idea would work, and less focussed on, or not focussed at all on this being a way to make money.  So we were much more excited about getting started than really the detail, poring over the details of the contract.  But I think the contract was fair, you know, it wasn’t a big company, it got half a million pounds, you know.  The university had put in some of our conceptual ideas, you know, we had reasonable shares in the company, but of course, you know what happens is you get more money and the shares get diluted.  But no, as far as I remember, it was quite streamlined, you know, it’s just that we weren’t used to legal documents at all and had to get lawyers to check it all looked okay.  You know, again, with the benefit of hindsight, we were told we should have included our lawyer’s fees in the agreement rather than paying it for ourselves.  But as far as I remember it was quite exciting and not too complicated.  Like I said, Richard was keen, was very helpful and very facilitating and there was no real points of disagreement and it was quite fast.  So, yeah, fast, happened and then we could start getting on with it.  And then, you know, it was entirely uncharted territory for us.  You know, it’s not like a research grant in that you can’t deviate from what you said you’d do, so you have, you work out a plan with key milestones that you need to hit to move to the next stage, and then, you know, we were very much, had to do, hit the milestones.  [1:05:16]  And John Berriman was very forceful, you know, about ensuring we hit the milestones to move on to the next funding round.  So it was a slightly different mindset from what we were used to as academics, but very focussed.  And I think it was very focussed anyhow by its nature.  And, yeah, and most of the time was, you know, excitement about being able to do the science and spending a lot of time trying to figure out how to solve the problem and get it to work.  

Who set the milestones?

We set the milestones, because we’re the technical people who know what’s required.

You and Shankar?

Yes.  So they’re written in.  I mean it’s an agreement, but we set, decide the milestones.  The VC can’t decide the milestones, they just need to see a path from where you are to a product, and you would set what the steps are, how long you think it’s going to take and how much you think it’s going to cost.  And, you know, so, but clearly, if you said it was ten years to do this, that would be unsatisfactory.  And if you were over-ambitious then you would get yourself into difficulties because you wouldn’t be where you said you would be, so it needs to be quite carefully thought through.

You said that Berriman from Abingworth was…

Yes, John Berriman.

… John Berriman was quite forceful to ensure that the milestones would be met and that that was different to the academic work.  So can you just unpack that a bit, because I would have imagined that academic work is also quite goal oriented, you know, let’s publish the paper as soon as possible.

Not really.  So in academia you know what you want to do, you set out to do it, inevitably it’s more difficult than you think, and then you have a choice, you know, do I continue trying to do what I’ll do, or maybe there’s an opportunity to do something simpler and easier by looking at a different process, or whatever.  And so no one’s telling you when you should have, by when you should have achieved anything, although you’ve got a certain amount of money, and no one’s telling you- and you have the option of stopping and doing something different if you run into difficulties.  It’s very different if you have milestones, proper milestones.  You then, you know, basically you have to hit the milestone, or if it’s difficult, invent ways round to solve the milestone.  You can’t just say, you know, it’s very difficult, I’m going to go away and do something a bit easier with the technology, you know, in a related space.  That’s really not acceptable.  I mean it can happen, but it would need the agreement of the VC, if you were- and quite often companies are founded to do one thing and realise they can’t do it, or someone comes in and solves that problem, they do something else.  But that has to be agreed, otherwise you’re, you know, they’re putting money in for you to do a certain thing.  The research councils, it’s a little bit more open ended, you put forward what you’re hoping to do and then I guess they trust you to do that or do something that’s related that’s impactful, but they don’t hold you to exactly what you said you would do, you can deviate for all sorts of reasons.  Opportunities, other people doing what you said you would do, I mean that’s all entirely acceptable.  And the review process is only at the end of the grant when you’ve finished, not in real time as you’re doing things.  So, you know, when we started it was a research grant size amount of money, but you know, when we finished it was like tenfold more than, I mean fiftyfold more than a standard research grant.  So you’ve really got to stay on message, it’s really important.  And, you know, if you’re dealing with large amounts of money, if you go off message it’s very expensive mistake to make.

[1:10:20]
Did you manage to meet all the milestones?

Oh we did, yes.  You know, we did.

Was that stressful, was that difficult?  Were some milestones easier than others?

I think that the early milestones, me and Shankar had to organise the postdocs met, so that was probably the most stressful, once, you know, the company was out of our labs and other people were managing it, it was very stressful for them.  You know, there were some critical milestones that they met by, you know, working twenty-four hours a day to go through sufficient cycles of sequencing.  But less stressful for us because we weren’t directly involved in them.  But, you know, the milestones were, I guess, challenging to, you know, key points you had to get to, to show you were on a path to developing the technology, so you know, I think one was ten cycles of sequencing, something like that, you know, it was quite challenging to do and took quite a team effort in the company to do.  

The move to Little Chesterford…

Yes?

… did you, was that because it was near the Sanger Centre?

Well, it happened to be near the Sanger Centre.  I mean it was just opportunistic, there was space, they were developing a science park, the lab space had fume cupboards, which we needed, so it was just very, a win-win.  But, you know, it was great that we were close to the Sanger Centre.  And then it expanded an awful lot and the company got a whole new building.  You know, we started small and then they got a new building for everyone.  So it worked out very well.  I think we got in there very early.

And you mentioned about Abingworth providing quite a lot of management, business connections, even technical connections.

Yes.

Can you describe those networks, bioinformatics, that they were bringing in?

So, I mean I think essentially, you know, we had a good idea but never had any experience of working in spinout companies.  And so what they offered were, you know, there are two ways that this can go.  One way, people just give you the money and tell you to get on with it, and the other way, which is what Abingworth did, is they provide experienced people to support you, who’ve done it before.  So initially it was John Berriman, who’d worked in pharma and, you know, understood the importance of filing lots of patents at early stages, but probably didn’t understand the technology so well, but was very good on the potential applications.  Then we got a chairman, Tim Rink, who’d been very experienced and been very successful at spinout companies.  And so we had access to people who’d done it all before and seen the mistakes that people had made.  So that’s on the management side.  And then, you know, because these people are experienced and been on the boards of other spinouts, they had networks of people who were experienced in problems that weren’t chemistry problems that we wouldn’t have access to.  So, Alan Williamson, who had set up the SAB, had access to all the people around the Sanger Centre who, you know, would have been difficult for us to interact with without that introduction.  There was a whole bunch of engineering type issues, technology issues where, you know, it would have been very difficult to find the right person to talk to, but was very easy if you had someone who’d experienced similar problems and knew a good technical expert to work with.  So, I mean it’s all doable, but it just made it much, much easier to get the advice we needed, and we needed lots of different aspects, advice on different aspects of the project at different times.  [1:15:04]  So for me it’s a real positive, it’s not just money they put in, they put in their experience of other spinout companies and growing them and a network of people who’d advised them in the past, you know, who they trusted and could give solid advice who were very experienced.  

And the division of equity, how was that worked out?  Or maybe it’s confidential, but…

I mean it’s maybe in the documents we gave you, but I mean initially was, you know, very simply the VC had to have control, you know, they wouldn’t give us the money and not have control.  And then, as far as I remember, you know, me and Shankar got, and the university got chunks.  You know, initially, you know, a reasonable fraction because it was a very small company, and then all these shares got diluted at every stage.  You know, so we went from a half a million dollars, eventually we’d raised $170 million, so every time the company is valued and more shares come in you get diluted.  And then, you know, the history of the company was more complicated because they did this reverse buyout of a company called Lynx that was listed on the Nasdaq, which meant, you know, we were now listed on the Nasdaq, but because there are different classes of shares, the shares that people have paid for, the VCS, and the shares that people get given.  So as far as I remember that changed, that ratio.  And then we merged with, eventually merged with Illumina.  So the, you know, the way I would describe it is the whole process was optimised to get a technology to market as rapidly as possible, which was our main goal.  The whole process was not optimised for us to make as much money as possible out of the process, you know, and yep, a part of it is this reverse buyout and things, you know, because the reverse buyout sort of basically triggered clauses that were in the contract for the collapse of the company, which wasn’t actually happening.  So that led to dilution of the shares of the founders and all the people who got given shares.  But on the other hand, you know, the company was much more successful than we ever imagined, which sort of compensated for its… I would have said, you know, we didn’t do – when you take those two in account – we didn’t do badly, but it certainly, if it had been optimised to make money, we would have done better out of the whole process, but that wasn’t the aim of, wasn’t how we were thinking about it, it wasn’t our motivation and, you know, if I had my time again that still wouldn’t be my motivation.  I guess our motivation was, you know, we were very excited that we had this idea that might solve a major problem, you know, how to sequence DNA very rapidly, there might be, you know, a genuine societal benefit, and we were just very keen, we didn’t, I mean the way I describe it, I didn’t want to go through life saying, I wish I’d tried that idea.  I just wanted to have tried it.  I mean we had no idea if it was going to succeed or not, but we at least wanted to press the go button and see what happened, and that was our motivation.  And our reward is, you know, we got some money from the shares we had, but the big reward is seeing it being used.  And when I give a talk, it sounds a bit cheesy, but the big reward is seeing it being used in hospitals, you know, particularly on these  babies with rare diseases where they sequence the mother, father and baby, they can work out what’s wrong with the baby.  Half the time there’s a treatment, the baby can be given that treatment and go home.  So just seeing it used in that way is probably a reward by itself.  And it’s just a great exemplar of how powerful ideas and basic science are, that if you can try these ideas out, you know, they can have major impact.  [1:20:00]  So the thing we did best was, you know, tried to fast track our idea and do it via a company route, because otherwise it would have taken forever with research grants.  We wouldn’t have had all this additional experience that came in that really enabled it to, us to solve all the technical problems, and we’d never have got to a group of 170 people and raised all the money that was required to actually get it to work.  So I mean I have no regrets at all.  

Fantastic.  A few follow-up questions about that, if I may.  So, to what extent were you collaborating, competing with others, you know, US Genomics, Helicos Biosciences?

Yeah, so there was a competition, there are lots of companies in similar space with similar ideas.  So we were in straight competition.  But I mean it was effectively a… a case of sort of largely putting your head down and staying in your own lane and trying to get to the end faster than anyone else.

Bit like swimming.

Yes.  And I think, you know, John West, who was the second CEO after Nick McCooke, he came in, he was very experienced and ensured that we got the business advantage of being first to market with the product.  So some of the success of the company is because the way we devised the DNA sequencing was the simplest and most accurate, and some of it arguably is, we were first to market and got a strong customer base.  So the other competitors, you know, so one of the critical things that we did quite late… so we’d solved most of the technical problems, but you know, it was challenging doing these experiments at single molecule level, but we had nucleotides that worked, we could do cycles of sequencing, etc.  And so the last bit of the puzzle was a technology that the company brought in from a company called Serono, which is Pascal Mayer’s way of amplifying the DNA into little colonies, and you know, I think that just fast tracked it, because we probably would have had to work out a way of doing a similar thing ourselves, but we could just license this in and use it.  And so that was the last piece of the puzzle.  And switching from single molecule to these little colonies just made everything more efficient, and that got us something that really worked very well, and got us that earlier than these other companies you’re talking about.  So Helicos stayed single molecule and had a very clunky, enormous instrument and never really got it working well enough.  US Genomics, I’m forgetting what happened to US Genomics.  I mean there was just a number of these companies and I think, I think us being first to market made a difference, and then the other boost was the merge with Illumina, because that gave us a much bigger marketing base and it got the technology even more widely used.  So that again fast tracked it against our competitors.  And effectively, I mean it’s a bit like the tortoise and the hare, that there was technologies, Pacific Biosciences, Oxford Nanopore, that do the sequencing in real time, so that they can sequence in, you know, at very fast rates, but what happens is that they have a high error rate because they’re doing it at single molecule and they’re doing it so fast, so as a result they have very inaccurate sequence information, and to get accurate sequence information they need to re-sequence the DNA again and again.  And so our advantage is the high accuracy and then that’s really what’s needed to look at differences in human genomes.  [1:25:07]  And so I think some of the technology is fantastic, but doesn’t solve the main problem, and I think we probably had thought harder about what the problem was when we came up with the technology than some of these other people. And then the first to market and then the Illumina merger, it all got the technology out there.  But it’s like Alan Munro said early on, you know, there’s no point in developing a technology unless everyone uses it.  You know, the big surprise is it worked, it got engineered by the people at Solexa, then Illumina, to work better than our initial calculations.  And then it opened up a lot of medical applications that we, you know, much earlier on than we would have anticipated.

But yeah, definitely let’s come to the application of Illumina.  A couple more questions about the development, if I may, first.  This intellectual property, had you had experience with writing patent applications and- because there’s a lot of those in the papers.

No, so that was very early on, you know, with John, we spent ages writing patents with Gill Jennings & Every, so we had quite a close relationship with a couple of the patent agents and spent an awful lot of time writing patents, reading other patents, and I think, you know, going on a crash course on patents.  But it was quite a creative period, because we were sort of not constrained by not having any data, so we were gaily thinking of different ways of sequencing, other ways of, different ways of applying it in a very open-ended way, and filed lots of patents, you know, some of which turned out to be important, others which didn’t, but it was a very creative period.  And also, you know, learnt a lot about the patent literature and how patents work, not by going on a course, but by actually going through the whole process multiple times, you know, writing the patents, working with the patent agents on the language of the claims, getting the reports back and going through those in detail, we spent an awful lot of time on that, you know, it was probably really important for the company, the only value the company had at the time.  And, you know, we both learnt a lot from doing that.  You know, there’s a parallel universe of patents, as academics we didn’t really read, although we now understand and now realise that, you know, the important thing about a patent is if you describe the process, it has to do what you say it would do.  The examples have to work, so people have to put enough detail in that you could repeat that.  So there’s a lot of very detailed information in these patents.  So no, it was a crash course.

Where was the course that you took?

There wasn’t a course, it was a real-life crash course.

Oh, I see what you mean, okay, yeah, yeah.  One thing I ask is about, as well as all the things that went well and were successful, even crises, you know, any moments of things that didn’t work or failures that you recall?

I think there was… I mean it was continual time of doing difficult things.  I don’t remember a total real feeling of crisis.  You know, we managed to, through hard work and being inventive, you know, keep on track, and it effectively became easier when we were not directly managing the science but advising from the sides.  And, you know, the stuff that we were directly responsible were important but maybe more straightforward steps because they were quite close to what we’d already know, had done, whilst the fifth milestone was so far away from where we were, it’s a bit harder to understand how easy or difficult it was going to be until you got closer to it.  [1:30:09]  So the milestones we were directly responsible for were, you know, not without their challenges but relatively straightforward, the milestones we'd set, and our fifth milestone was sensible but, you know, turned out to be more difficult than one expected because we just didn’t know the terrain we were travelling on.  So I think the more challenging milestones effectively were just integrating all these different processes together in a way that worked suitably with high enough efficiency that we could do multiple cycles of sequencing.  So, you know, those were, you know, we’d been thinking about getting it working and had some idea of the level of efficiency but we didn’t know what the rate limiting steps were in all these processes and how well they’d all work.  So that was all a little bit far away and effectively the team had to deal with them and we advised.  So no, I think there was no real crisis.  You know, the VCs that had funded it all had deep pockets so there was never, you know, as long as we stayed on track there wasn’t concerns about running out of money.  And, you know, I think the team did a really good job at keeping us on track, plus the management, so I think it, I mean in a sense it’s exemplary, I think, the way it was done, but it’s not without its challenges, it wasn’t straightforward, but it wasn’t, you know, very stress… I mean there were stressful times, but – about hitting the milestones – but not like you’re describing.  

One more question before we move into thinking about impact, is you’ve described several senses in which this was working in Cambridge, there were college – like Chris Abell, Alan Munro and so on – are there other ways in which Cambridge has been important for you personally and/or specifically to this Solexa company?

Well, I think Cambridge has a long history of DNA, that’s probably the first thing to say.  So, a former Master of my college, Lord Todd, studied the nucleotides, the bases that make up DNA.  Then we have Crick and Watson who discovered DNA.  Maybe it’s the opposite way round.  So Crick and Watson who discovered the double helix, and then we have Fred Sanger who developed the first way of sequencing DNA.  So there’s a long history of DNA, working on DNA at Cambridge.  So that’s one thing that you’re aware of.  I think, you know, for me the Cambridge system, and particularly the college system, was a way of cutting across disciplines and getting me to interact with people I wouldn’t have normally interacted with.  I know Shankar was in the same department, but there’s quite a history of physical chemistry and organic chemistry, you know, they used to be separate departments, so there’s quite… and, you know, it’s not obvious that we would have interacted that much, you know, if it hadn’t been for the college.  Then there’s Alan who was facilitating through the college.  So I think that a lot of it, I think the college, I mean I would say two things.  The college system, and a sort of Cambridge culture of happily talking to people about your subject and learning about their subject, you know, facilitated by sitting down and having dinner with people, they played an underpinning key role.  I think if I was in a more modern university, you know, I could have met Shankar but we, you know, physical and organic, or chemical biology weren’t disciplines that were naturally, that you’d naturally talk to each other.  Probably wouldn’t have met Alan or have access to people with experience of spinning out companies.  [1:35:00]  And then, you know, more generally, the people who have done this successfully are available and happy to meet with people to advise them.  So I think it’s the culture and the college, I would say.

Thank you.  And may I ask now, how has your technology innovation impacted this field and other fields?  Medicine and hospital care, as you were referring to earlier?

Yeah, so it’s used for, in cancer to work out the mutations that drive the cancer, either by taking a biopsy from the patient, or by just looking for bits of DNA that come from the cancer then in the blood, and this can inform about treatments so people get the optimum treatment, so this has been widely used.  It’s used for rare diseases, particularly newborn babies who are born with some problem, it’s not obvious what it is, but by sequencing the parents and the baby you can often identify what’s wrong with the child and come up with a treatment.  It’s used for prenatal screening where there’s a small amount of the blood of the foetus in the mother’s blood and if you sequence you can sequence the unborn baby without any interventions and check they’re healthy.  So those are the major medical uses at the moment.  I mean originally it was supposed to be a driver of genomic research to understand how our genetic make-up predisposes us to get common diseases, which it’s had big impact, and maybe not as much as people had hoped because it turns out there are lots of things, lots of genes that go slightly wrong that contribute to chronic disease, making it very hard, you know, for there to be a specific thing you can do, you know, to stop someone getting Alzheimer’s disease.  But I think for cancer and rare diseases, you know, it’s already in the hospitals and being used.  It’s also used so that medicines that people have that have been produced by pharma can be, depending on your genetic make-up, you can ensure that that medicine will actually work well for that patient.  So it’s not quite personalised medicine, but it’s sort of optimised pharmaceutical treatments.  So those are the major uses.  And it’s becoming quite a common technique, the price is now down at $200 a genome, you know.  I think in Finland they’ve sequenced a third of the population, and I think, you know, we’re not too far from a tipping point where it will become cost effective to sequence everyone at birth so you have a genetic make-up, we’ll get better and better at interpreting what that means, and then we might, it will enable us to say what checks we should be having, they should be having early on to catch diseases before they develop or become chronic.  I think we’re moving towards that, you know, your genetic make-up means you’re predisposed to get a disease, it doesn’t mean you’re going to get it, but certainly, if you know what diseases you’re likely to get you could have checks.  If you have diseases that you’re likely to get, you might – it’s a bit more difficult – but it might encourage people to, you know, exercise more, eat less, before they have real, full-blown type 2 diabetes.   I mean that’s more of a societal problem, you know, there’s still this issue, if you were told that in twenty years’ time you’re going to get type 2 diabetes, you know, would you change- some people might change their lifestyle, other people would say, it’s too far away, I’ll have my hamburger and chips today and, you know, I’ll change in a year or so.  But I think, you know, even if a fraction of the people change their lifestyle, that would make a massive difference to the health of the nation and, you know, the cost of our NHS and this type of thing, so I think we’re moving in the direction.  I mean the vision was that everyone would carry their sequence around on their mobile phone when they go and see their doctor.  [1:40:00]  And I think we’re not there yet, but we’re moving in that direction.  But it does, it’s not, it doesn’t tell you everything, but it’s something that’s very measurable and a lot of chronic diseases have a strong genetic make-up that predicts your probability of developing some diseases.  You know, so these plots, so depending on your genetic make-up and your age, you can say what your probability of developing type 2 diabetes is.  But like I said, you know, some people just might not modify their lifestyle, even if they’re on a high curve.  But others will, and even if only some fraction, I think, you know, it’s a lot of people, I don’t know what the numbers would be.  You know, if there were a million less people who went to the NHS, you know, that would be massive.  And, you know, people would live longer, healthier lives.

What’s your personal experience when you hear about the applications of this technique that you’ve developed?

So I mean, originally I, we thought it was just a tool for scientists.  So I mean when I give a talk on this, I give this example of BBC News, where they had the local news at Cambridge, where they literally showed a baby at home with its parents after being sequenced using our technology and them being able to find a treatment.  And you think, wow, you know, that’s not what I imagined.  I never imagined that was going to happen, isn’t that fantastic.  And coming back to the earlier discussion about rewards and things, ultimately that’s the big reward, is seeing it being used and then seeing it really making a difference.  Sounds a bit corny, but that’s…that’s...

We have another question about the personal impact of choosing to go into technology innovation in and around Cambridge and, you know, what impact has it had on your own life, and perhaps personal, the way you live and so on?

I mean I think it’s given me a lot of confidence that I can, you know, tackle difficult problems and am competent enough to make some impact, so I think I’m much more prepared to deal with, to go after important but difficult problems than I would have if I hadn’t had the experience.  So I think that’s probably the most important thing.  I mean the recognition is nice, but you know, we try and stress it’s a team effort, it’s not just me and Shankar, it’s a lot of people were involved.  But it’s nice that the technology’s recognised.  So that’s important.  And, I think personally it hasn’t made that much difference.  I mean what’s nice is I get invited to the occasional conference for young people where they want to hear about the story behind how we came up with the ideas.  And so- and I give talks at schools on this, and it’s just nice to have a very clear, impactful example of how powerful science is and how, you know, we wouldn’t have known how powerful it was unless we’d actually done this.  So just encourage people that, you know, you don’t know if these things are going to work or not, but you’re not going to find out unless you try, and that chemistry and science in general, you really can make a difference, and just sharing our experience, you know, encouraging people to try and move into science.  So I think that’s probably the bit that I wouldn’t be doing if we hadn’t done the sequencing, I find, you know, really rewarding, largely because people are so responsive and interested in it and, you know, not, are probably not aware of the whole story as well.

About Cambridge, what problems do you think Cambridge has faced in terms of nurturing technology innovation and what do you think is the future, does the future hold for Cambridge in that space?

[1:44:55]
I think, I think the culture is good.  I think it’s become easier to go out with your spinout for a day a week but still keep your academic position, which didn’t happen with me and Shankar, we were either in or out.  So those are all good things.  I don’t think it’s a Cambridge problem, but the funding is much more fragmented, so it seems to be harder to get funders with deep pockets who would fund something through, you know, to the $170 million we needed, you know, it seems that people get funds, money from someone who can give them five million, but then they can’t give the next five million.  So I mean that’s not a Cambridge problem, that’s a UK problem.  And then… I don’t know, I think that there’s possibly, because of the fact that sciences in the UK has been underfunded for a significantly long time, that people aren’t aiming as high as they should be, you know, the targets, they’re not thinking as ambitiously as maybe they could, and so we’re missing opportunities.  I mean I think we were incredibly naïve at the time, but that was also a strength, that we weren’t really limited by thinking, well, you know, it’s going to be very difficult, are we going to get enough money, you know.  I think now, UK spend, percentage of GDP’s really low compared to any of our competitors, a lot of labs are- I mean in Cambridge the labs are okay, but it’s a bit heterogeneous, so I think people are just ground down by the daily fight to keep the labs going, and so when an opportunity comes they sort of only aim at sort of ten degrees, they don’t aim to get to the top of the mountain.  But I still think Cambridge is better than most of the UK for doing this, but I think, you know, better resource and turning up the ambition and providing deeper pockets, you know, if we really want to be a science superpower, that’s what we need to do.

You mentioned just there you were either in or out of the academic, can you just explain that?

Yeah, at the time there was no way of being a part-time academic.  So there was no way of the company buying out a day a week of our time to work at the company.  You could either be fulltime Cambridge employed, or fulltime company employed, but they couldn’t buy our time.  So we could act as a consultant for the company, which was effectively, as far as I, you know, additional time on top of us doing our university job.  Whereas now, people can be funded by the university for three days a week and the company pay two days a week and they can spend two days a week at the company.  And that’s much better because, you know, the university isn’t paying people when they’re not in the university and the company can buy as much of the person’s time as they need, but we didn’t have that as an opportunity at the time.  So I think that point is better, I think.

And, I have two final questions now.  The first is, could you describe about the work that you’ve been doing since 2007 and how that might have been influenced or not by the spinout experience?

So we’re using the same technique to look at single molecules and around three problems.  The main problem is formation of protein aggregates in neurogenerative disease with the view of understanding the molecular mechanism that causes Alzheimer’s and Parkinson’s, so we can actually rationally design a treatment.  And we’ve found that we can see aggregates in biofluids such as plasma or serum and these might be potential biomarkers for the disease that could detect the disease at early stage.  So that’s our main focus.  [1:50:00]  But we’ve also got a parallel project understanding how these aggregates cause inflammation, because we think that’s a major driver for disease.  And a third project looking at how the adaptive immune response works by imaging the key molecules at very early stages.  So the adaptive immune response very early on, innate immune response for neurogenerative disease.  But they’re all underpinned by being single molecule imaging being involved and single molecules or small numbers of molecules being responsible for the immune response for neurogenerative disease.  So, basically applying similar technology to these problems.

Thank you.  And final question, how would you describe yourself?  I’m thinking just, are there particular inclination or interests or attributes that you think have been really important for you and are for your work, in your own self-reflection?

I mean if you’re asking why I’ve been successful, I think I’m good at coming up with ideas and thinking outside the box, and I think, because of my industrial experience, I’m quite good at establishing collaborations with other people.  And I think thirdly, I’m prepared to try difficult, seemingly difficult experiments, or persuade people in my group to try seemingly difficult experiments, having seen the rewards you get if that’s successful.  So I think those are the attributes, you know, that I think have possibly contributed to my success over the years.  And I think, you know, like I said earlier, I think once you’ve been, seen this type of approach work, you’re a bit more confident about trying it again and taking bigger risks.  

Wonderful.  David, thank you so much for your time and participating.

You’re welcome.

[1:52:31 recording ends] 

