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Hi, this is Liz Adler, Executive Editor of The Journal of General Physiology; I’'m in Big Sky, Montana, at
the FASEB Summer Research Conference on ion channel regulation, speaking with Professor Richard
Tsien, the Director of the NYU Neuroscience Institute.

Dick, thanks so much for taking the time to speak with me.
Thank you, Liz.

As the introduction implied, your research has mainly focused on various aspects of neuroscience
recently. But, as I understand it, you actually started out in cardiac physiology. Can you tell me a little
bit about how you got started in cardiac physiology and how you came to change?

It was a series of interesting and lucky accidents.

I was a student at MIT, and majored in electrical engineering, and, after I was lucky enough to win a
Rhodes Scholarship, I was trying to decide what to do with three years of paid graduate education in
any subject that I might choose. And a friend of mine, named Robert Macdonald, saw this as an op-
portunity to win a convert to the new area of neuroscience that sehad fallen in love with. He wouldn’t
take no for an answer, and insisted that I meet a famous auditory physiologist named Nelson Kiang,
and eventually he beat down my resistance; I met Kiang, and I actually worked in the Eaton Peabody
Lab of Auditory Physiology.

So, as a result of all those interactions, I learned about a bright young scientist at Oxford named Denis
Noble who had published a review on the Hodgkin—Huxley equations and its application to different
excitable cells. I wrote to Noble, and, after a long delay, finally got a response accepting me as a po-
tential graduate student. And, although I had intended to work on the brain, Noble was actually not
doing any experiments on neurons or nervous tissue; he was working on the basis of the heartbeat. So
I had to choose, then, between working on the area that I thought I was going to work on, or joining
with Noble in trying to unravel the basis of the cardiac action potential. And, since I knew no biology,
everything seemed interesting. So I joined Noble, published a series of papers on electrical activity in
the heart, and co-authored a book on electric current flow and excitable cells with him [and Julian
Jack], all sort of going with the flow of what was interesting and what was available at the time.

In retrospect, I look back on that period as one of the most wonderful of my life, because studying
electrical activity at the cellular level provided an excellent platform for the things I'm doing now,
including modulation of ion channels and their regulation. And I could hardly think of a better back-
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ground for the goals that I am actually trying to accomplish in science than to work directly with
Noble.

You actually stayed in cardiac physiology for quite a while.

The problems that we were working on were so fascinating that I couldn’t resist the idea of staying
there. How, for example, a hormone can regulate not only the opening and closing of a channel, but
also its voltage dependence of gating. Or how calcium is important for an excitable cell. And people
who work nowadays in neuroscience tend to be a little bit neuro-chauvinistic. I think it’s part of the
water we drink, or the food we eat, that it almost becomes a bit of a religion, that if something is hap-
pening in the brain or in a nerve cell, it’s just bound to be more interesting than if it were happening
in a pancreatic 3 cell.

Having been on both sides of that border, working in heart on one hand, and having people redis-
cover things that we worked on, and basically claiming they were totally new, or being in the nervous
system, and seeing how we were rediscovering things that other people had found in other tissues, I
am acutely aware of that kind of neuro-chauvinism. It doesn’t bother me very much; I think it’s kind
of amusing. It’s almost quaint. But, if possible, I think neuroscientists would do to learn a /ittle bit
more from the lessons that people have learned in other systems.

Did you always have in the back of your mind that you’d get to neuroscience, having fallen in love with
it on the basis of your friend’s lobbying? Or did you just happen to find a problem you were interested
in and make the shift?

I think I stayed interested in the brain, and in learning and memory.

But I have to credit Martha Nowycky and Aaron Fox for bringing me to the point where experimen-
tally it was possible to have an entry back into the field of neuroscience. That came in the middle
1980s, when we began patch-clamping dorsal root ganglion neurons—sensory neurons—and study-
ing them with the newly invented patch-clamp technique. And that led us to the discovery of multiple
types of calcium channels. We started off expecting that a sensory neuron wouldn’t be that much
different than a heart cell. But Martha, to her credit, noticed things that just didn’t fit with that pat-
tern, and so she had to convince Aaron and I, first of all, that there really was another type.

Now, the rumor that it was called the N-type, after Martha Nowycky, is actually not true.

But that leads to another interesting story. Suffice it to say that studying ion channels in sensory neu-
rons provided a very fast way for us to make a contribution to a growing field, and that was the area of
calcium handling by nerve cells, which had been worked on by many other people, but could be ap-
proached more powerfully with patch-clamp methods, and we found ourselves in the middle of a hot
controversy, and controversy usually breeds interest, and the interest proved to be very favorable. And
the discovery of the N-type channel led to synaptic transmission, synaptic transmission led to synaptic
plasticity, synaptic plasticity and LTP led to learning and memory. So within the space of a half-dozen
years, we had gone from being a cardiac lab to a lab that was working on LTP.

To be fair, we weren’t the first to say that there was not just one calcium channel. Hagiwara, for ex-
ample, thought that was the case, and Clay Armstrong did as well. I think what made that particular
area most interesting is the fact that we found a type of calcium channel that wasn’t found in the
heart, that seemed to be neuron specific. And, to this day, everybody agrees that that subfamily of
channels is not expressed in heart or most other excitable tissues. And, as luck would have it, that fam-
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ily of calcium channels that are characterized as Ca,2 or N-type, P/Q-type, and R-type, are critically
involved in synaptic transmission in almost all excitable tissues in the brain and spinal cord.

So our luck was to be trying to be systematic in understanding the phenomena in front of us, and
what we stumbled upon, and stuck up for, and eventually exploited was the subclass of channels that
is most important for rapid synaptic communication in the brain. That’s a very fortunate thing to be
working on in your very first foray into a new area that you may have wanted to work on for 18 years,
but you hadn’t actually done so. So I owe those postdocs [Aaron, Martha, and Ed McCleskey] and
Richard Miller and all the colleagues that we worked with for that. Because, shortly after we found the
channels in the dorsal root ganglion cells, we went to sympathetic neurons, found N-type channels
there, and showed with Miller that they were involved in synaptic transmitter release.

Then, almost like a deus ex machina, Doju Yoshikama and Baldomero Olivera started up a collabora-
tion with us, using a newly discovered form of toxin, omega-conotoxin. Back then, it wasn’t known as
“GVIA.” It was the omega-conotoxin. And it blocked the N-type channel, [and in so doing] blocked
transmitter release. And so, really, between 1985 and 1990, we not only were able to describe the type
of channel, but also show its role in synaptic transmission. I think that’s what really captured every-
one’s imagination.

It sounds like you both enjoy participating in controversy and also observing other people participat-
ing in controversies.

Well, it can be uncomfortable if you're right in the middle of it. It really hurts when you overhear
conversations where people are dismissing your work because one of your scientific adversaries has
dissed it. That I feel acutely. But, all in all, you can judge a person’s taste by the way they behave, and
I think over the years I've engaged in more than my share of hot topics, and, you know, I'm happy to
have worked on them because I think the controversy reflected a genuine curiosity that the field had
about the outcome.

Having been involved in a number of very hot controversies over the years, some of which are still
going on, my advice to students is: “Don’t always run for the hills when there’s something controver-
sial going on. If you think it’s a really important problem, stick to your guns and work on it. And if it
turns out that you’re wrong, try to be the first person to prove that that’s the case. It’s not bad to be
involved in a controversy as long as you keep your wits about you, you're trying to solve the problem
for its own sake, you’re not just trying to win the contest in order to be top dog, but you’re genuinely
interested in finding the truth.

Oftentimes, what’s controversial is also really interesting. So don’t shy away from that.”

I noticed that, in some of your interviews, you have interviewed people who take the opposite point
of view to mine. Chris Miller, who I greatly admire, is very happy to work on something that other
people don’t necessarily care about. And I think that’s admirable. We need scientists who are willing
to follow their curiosity wherever it takes them. But I think it’s also okay to have people like me who
don’t want to work on a problem unless it’s of general interest, because I feel that solving those really
well is the fastest way of making the field advance as a whole, and it’s also a good way of getting papers
published and getting your trainees to get jobs, which is part of our profession.

So I don’t really mind controversy, and I am willing to take my lumps and to be proven wrong some
of the time.

What are some of the controversial areas you’re exploring now?
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We’re working on something that has been spicy for many years, and that is the idea that voltage-gated
channels don’t just provide a flux of ions, but actually can signal conformationally.

Now, that has been shown without any doubt for activation of skeletal muscle contraction in the clas-
sic work of Clay Armstrong; [then,] Tanabe, Beam, Numa, etc., showed that, in skeletal muscle, the
motion and the conformational change in a voltage-gated calcium channel doesn’t need to support
calcium flux, but it transmits that signal directly to the SR membrane, probably by a protein—protein
interaction; it still hasn’t been totally figured out. And my friends Martin Schneider and Knox Chan-
dler have contributed mightily to that. But that’s the only area that I know of where a voltage signal
seems to be independent of that protein supporting a calcium flux.

Now, it was proposed for neurotransmission by Itzchak and Hanna Parnas that, in fact, excitation-se-
cretion coupling also involved a combination of a calcium signal, a la Bernard Katz, and a signal medi-
ated by conformation. But in later years, before Itzchak passed away, that [hypothesis] became very
much attenuated, and they argued that the voltage dependence was due to a G protein—coupled re-
ceptor, not due to the calcium channel itself. And, nowadays, hardly anyone puts much stock in a di-
rect voltage-dependent signal. So we’re now engaged in how L-type channels, Ca 1 channels, signal
and send on signals, and we have evidence, some of which is unpublished work of Michael Tadross
and Boxing Li, that they do both.

They let calcium in, but they also, independent of the calcium flux they support, transmit information
conformationally. And we think that this is actually going to be very important for the way [the] ner-
vous system processes information, that not only is a calcium flux necessary (and it can be provided
not only by the L-type channel, but by an NMDA receptor or a calcium-permeable AMPA receptor)
[but] that that, combined with the conformational change mediated by the Ca,1 channel, is the dy-
namite combination that you need.

We’re used to the idea of combinatorial signaling, coincidence detection; the thing that distinguishes
this type of information flow is that the optimal signal is not simultaneous calcium and voltage [-de-
pendent change in] conformation, but that these two need to be staggered somewhat. It’s almost like
the NMDA receptor, where the arrival of ligand, glutamate, needs to be followed a few milliseconds
later by the depolarization that drives the magnesium out of the open channel.

In our case, the optimal A¢for giving the biggest signal is not 2 or 3 ms; it’s about 10 or 15 seconds: in
other words, three orders of magnitude slower. And I think the field is having trouble getting their
mind around that, because they kind of think that everything should happen simultaneously. But
what they’re forgetting is that many of the protocols that are used to induce long-lasting plasticity
involve multiple activations. So you could imagine that one activation is providing the calcium signal,
and then a second activation is providing the voltage signal.

10 or 15 seconds sounds like an extraordinarily long time between the two signals.

It isa very long time if you’re only thinking on milliseconds. But if you’re studying the synaptic plastic-
ity, you are interested in events—or stimuli—that can spread over several minutes. A typical LTP-in-
ducing protocol may consist of two or three or four bouts of stimulation; and they’re often separated
by almost exactly the optimal period that we find.

So the calcium signal comes first, and then the conformational signal?

Well, our argument is that the calcium signal can be provided by the first theta-burst stimulation, and
then the second theta-burst stimulation, which mysteriously seems to work much more effectively than
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justone, is providing the voltage signal, and then the next calcium signal, and then so on and so forth.
So what we still need to do is to prove this at the level of an LTP-inducing protocol, rather than simply
study it in a biophysically clean situation, which is what we’ve done up to now.

So, this is an example of an ongoing project, where we’re not shying away from saying something that
surprises people a little bit.

Do you think it’s the same population of channels? Or do you think one population might get turned
on the first bout, and another the second bout? Or do you reserve hypothesizing about that right now?

We think that they could well be separate populations of channels, and that NMDA receptors could
provide the calcium flux that is then capitalized upon by the L-type channel conformational change.
In the small environment of a dendritic spine, you know, only a micron or so across, lots of interesting

magic can happen in a relatively small space.

Do you have a favorite project?

That’s a good question.

I have a series of nostalgic periods where things happened that I just felt fascinated by and loved.

The most obvious one is a recent one where we worked out a mechanism by which the surface of the
cell, and in particular, synaptic spines, send information to the nucleus, which, on biological scale of
distance, is very far away. And, we discovered that there is actually a shuttle mechanism which trans-
ports calmodulin from near the channel all the way into the nucleus, where the calmodulin is dropped
off and activates an enzyme cascade there.

And people who hear this story usually bifurcate into two camps: those who think it’s intricate, but
wonderfully well-organized, and who are not fazed by complexity, and others who throw up their
hands and say, “What? You have four or five different calmodulin-sensitive kinases and a calmodulin-
sensitive phosphatase, and all five or six need to conspire in order to make a signal go to the nucleus?
Why don’t you just raise calcium in the nucleus?”

And we give our explanations, but, in the end, they are unwilling to suspend their disbelief because
they have a preconceived notion about how simple it should all be.

I would argue that almost any biological event that’s really interesting, whether it be propagation of
an action potential, or generation of pacemaker activity, or secretion of transmitter from a nerve ter-
minal, or let’s say the opening of a ligand-gated channel to make a synaptic potential, that all of these
phenomena are, once you examine them closely, both simple and complicated, all at the same time.
I feel that this one I’'m describing has elements of both; it evolved from the worm—or from an ante-
cedent of the worm—and you can see all the seeds there. So, I'm willing to try to simplify as much as
possible, but not beyond the point where we no longer really understand the phenomenon. I would
argue that even oxidative phosphorylation, the MAP kinase cycle, almost any piece of biology that’s
really important, will seem befuddlingly complex to someone.

So that’s one type of nostalgic period; another period that I am very mindful of, here at a meeting
where Catterall, Hille, [Lily] Jan, Bean, Siegelbaum are all present, is a wonderful period where sin-
gle-channel recordings revealed the existence of modes of gating. Now, this was a phenomenon where
channels not only go from closed to open, but they show bursts of openings, and they can show differ-

ent kinds of openings, and the openings can occur over many, many seconds, or even minutes, where
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a channel will behave in one particular state, and then suddenly, in midstream, change its personality
and show a thousand more openings in a different type of pattern. [We (including David Armstrong,
a fellow modal enthusiast) | still haven’t found the [precise] molecular basis for modes of gating, par-
ticularly the long mode of gating that Peter Hess and I worked on, where an L-type calcium channel,
instead of opening for a millisecond, like normal activity, would suddenly find itself switched open for
10 ms—an enormouslength of time. That proved to be very valuable to us in our studies of permeation,
but it also provided a wonderful example of how a single molecule could change right in midstream
and behave differently for a long, long period of time.

One would think that, in the period of time between 1984 and today—30 years—that someone would
have actually studied this at the molecular level. But no one has. So I feel like I'm a hiker, a climber
who has left a cache of pork-and-beans, something under a rock that I can always go back to, and if
someone else finds that can and wants to open it and have a meal—great. But if you don’t get around
to it, I know where that object is, and I know that there’s going to be something really tasty there. And
so it’s something that sustains me as I'm imagining how to wind down and what I want do when I have
only a precious small amount of time left—what I want to work on.

Are there any ideas that you detest?
I can’t think of an idea that I'm not open to.

Another controversial area that I work on is the idea that vesicles can release their transmitter with a
fleetingly [brief] open fusion pore, and then, without fully collapsing into the membrane, reseal and
then reform a vesicle without ever losing its identity—that it can refill with transmitter and be used
again. And we’ve worked hard on using different optical and other methods to establish that this is
the case. So, I feel that this is just another idea. And it doesn’t necessarily need to happen all the time.
I think it really happens, and I am willing to stake a claim on that and eventually be proven wrong. But
I don’t really find that there’s anything I dislike as much as opponents of kiss-and-run dislike it.

It’s always amazing to me how much people can feel emotionally involved in proving that a “crazy”
idea is wrong.

So, is there anything that you’d like to say that it hasn’t occurred to me to ask you?

I want to express how fortunate I feel to have been in the UK at the time that Hodgkin, Huxley, and
Katz were all alive, doing experiments, engaged in their work. Or how much of a pleasure it was to
meet Stephen Kuffler, who gave me some excellent advice, and that those individuals set a very, very
high standard for us in terms of their appreciation of the wonders of neuroscience and the phenom-
ena that we’re studying, and how each of them had their own flavorful, distinctive personality. But
what I loved about Hodgkin, Huxley, and Katz [and Kuffler] is how unassuming they were. They
didn’t think that we would be noting down every word, and they were very engaged in the phenomena
that they were trying to study at the moment. So I vividly remember meeting Hodgkin at various times
in his life, when he was working on the kinetics of the sodium pump, or calcium entry into nerve ter-
minals, or the topic of how skeletal muscle gets activated. And I remember being the young upstart
student, cornering him in an Oxford garden, near where he grew up, and he gave me 40 minutes of
his time.

And I repaid him by not only asking him questions about cable theory of the spread of excitation in
muscle, which was my official reason for meeting with him, but actually giving him a little bit of a
questioning about what he knew about how signals got from the transverse tubules to the sarcoplasmic
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reticulum, and didn’t there have to be some kind of special communication between the two? And
were they ever electrically connected? And how did he know they weren’t electrically connected? And
where was the calcium? And so on and so forth.

And I think he treated me very kindly—smiled—but squirmed a little bit. Because I was asking him
questions that he didn’t have an answer to.

And, finally, in the most memorable part of the conversation, I asked him a question about his classic
paper with Paul Horowicz. And he looked at me, sort of blank, and said, “You don’t happen to have a
reprint of that paper along, do you?”

And being the naive graduate student that I was, having had only one or two years of experience, I
said, “But Professor Hodgkin” (and I was polite enough to address him as “professor”), “you wrote the
paper; surely you must know what’s in it.”

And he turned to me, and with a sort of slight trace of a smile said, and I don’t think he said “young
chap” or “young man” or anything like that. But he said, “You know, the reason we write these papers
is so that we don’t have to keep them in memory.”

I sort of remember that as I get older and older and realize that there are lots of things about my own
work that I can barely remember. And I’'m just thankful that we have memories (coming back to
memory) that allow for a reboot every once in a while, that you can put things off your short-term
memory or your portable hard-drive—you can put them into a long-term storage and go back to them.
That’s why it’s a pleasure to read your own papers and to realize, “Gosh, did I write that? That’s not
too bad.” I think that’s the way Hodgkin felt about his work.

So, you know, we have an interesting relationship to the senior people in our field. What’s always fun
about it is to realize that one of the things that energized them and fueled them is this youthful zest,
this combination of competitive spirit and philosophicalness. You have to have some sense of self-
worth. But the most important thing is to not be afraid to be wrong every once in a while, and not take
yourself too terribly seriously.

Dick, thank you so much for taking the time to speak with me. I really appreciated it.

Well, I look forward to the sort of fantasy of someone riding on the London Underground with a
small phone and a pair of earbuds in their ears, listening to that, and getting to Gower Street and
entering their lab and saying, “That was fun; now I'm ready to do my experiment.”
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