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FRIDOLIN SULSER

Interviewed by Leo E. Hollister

Nashville, Tennessee, May 9, 1997

LH: It's Friday, May 9, 1997.  I'm Leo Hollister. We're doing a series of interviews under the auspices of the American College of Neuropsychopharmacology with people who are instrumental in the field, have seen its development and contributed to it. Today, we're in Nashville and we'll be interviewing Fridolin Sulser,( who probably spent more of his life in Nashville than any other single place, so it's fitting to interview him here. Welcome aboard.

FS: Thank you, Leo.

LH: It's always interesting to find out, first of all, how people made their career choice, because I think all bright people hav a lot of different choices to make. How did you decide to go into medicine?

FS:  I think this had something to do with my wife's uncle, who was a physician in a little town close to Maienfeld in the state of Graubuenden, Switzerland.  He was a general practitioner and I thought it would be a wonderful thing to be a physician. I thought this to be a profession  beyond any other.  

LH: Were you having visions of yourself as a general practitioner taking care of people?

FS: Yes, that's what I wanted to do but it turned out a little different in the long run. I went to medical school at the University of Zurich and Basel after I finished the gymnasium, and got my MD degree in 1955. During my medical studies in Basel I met the most remarkable man, and this was Karl Jaspers, the philosopher. He was a physician and professor of philosophy at the university. He was one of the best known existential philosophers in the German speaking world. Jaspers came from Germany because he had problems in his homeland. His wife was Jewish and, at that time, as you know, the Germans did not like Germans to marry Jews. He left Germany in 1948 and came to Switzerland. It happened at that time that the professor of philosophy retired from the university, and Karl Jaspers got his Chair. As a medical student, I attended his lectures that triggered my life long fascination with existential philosophy. This was a man with a vision, a perspective and a sense of history. And, he was also a trained psychiatrist before he jumped into existential philosophy. He was enormously critical of psychoanalysis but he liked Freud. And, when I graduated, I came away with the feeling that psychoanalysis, which was predominant at that time, was not what I wanted to do. So, I went to see professor Bleuler in Zurich and solicited his advise about my future education.

LH: Was this Manfred?

FS: Yes. After I worked at his hospital for about three weeks, he called me into his office. We had a serious talk behind closed doors, and he said, "Look, Dr. Sulser, I think this is not for you. I would not recommend you go for a residency in psychiatry." I asked him why, and he said, "Well, number one, you don't listen." Listening is apparently important in psychiatry. And, the second thing Bleuler mentioned was that I was too experimentally minded.  Interesting. That's a good clinician, a good assessment I thought. So I took his advice and recommendation that I do something else than psychiatry and work in an experimental area more to my liking. So, I went to see people in pharmacology in Basel and got a job there.

LH: In pharmacology?

FS: In pharmacology. It was with Franz Gross, who worked on hypertension at Ciba and with Rolf Meyer at the University of Basel. After two years or so, I became an Assistant Professor at the University of Bern and started to work on cardiac function and the effect of digitalis on ion transport.

LH:  What you did was quite removed from Karl Jaspers.

FS: Yes. Then I read, in the Journal Science, the article by Pletscher, Shore and Brodie, on the Effect of Reserpine on the Endogenous Levels of Serotonin in Brain. I knew from my hypertension research that a certain percentage of patients treated with reserpine developed depressive symptoms. So, I said, ah ha, there's a connection! I wrote a letter to Bernard B. Brodie at the NIH indicating I would like to come for a year or so to the United States to work in his laboratory.

LH: Did you know Pletscher before?

FS: I knew Pletscher from studies we did at CIBA. And while in medical school we had him and other people from the pharmaceutical industry visiting with us. We also went to visit Hoffmann-LaRoche where Alfred Pletscher was Director of Research.

LH: When you were still a student?

FS: When I was still a postdoctoral student. I went to see Pletscher and told him about my interest in his paper. He had just returned from Brodie's lab, and said, "Why don't you go to Brodie, it's a great place to be". He told me that there were other brilliant people there like Sidney Udenfriend, Park Shore and Julie Axelrod. And he said, "You should apply for a Fellowship to go there." So, I applied for a Fellowship to the Swiss Academy of Medical Sciences and I got $3,000.00. I thought this was a lot of money and told my wife  we were going to the United States, presumably for one year.

LH: But, didn't you write to Brodie first?

FS:  Before applying for a Fellowship I wrote to Brodie who wrote back that he would take me if I brought my own money! 

LH: So, you went to the Swiss Academy after Brodie accepted you?.

FS: That's correct. I went to the United States with only a suitcase. My wife was to join me later. It was in October 1958 I showed up at NIH and walked into Building 10.  There was a Symposium in progress on catecholamines. Arvid Carlsson talked about dopamine. He had developed a method to distinguish dopamine from noradrenaline.

LH: That was just discovered.

FS:  He reported he found very high concentrations of dopamine but not norepinephrine in the striatum and concluded  dopamine is not just a precursor of noradrenaline but is a transmitter in its' own right. So my career began.

LH: You were there when Carlsson was there.

FS: No, Carlsson was already gone. He was there for the Catecholamine Symposium and after its conclusion he went back to Sweden.

LH: So you started your work with Brodie. I'm always interested to find out from people who knew him what kind of person he was. Was he difficult?

FS: I wouldn't have known whether he was or wasn't difficult in the beginning, because I didn't understand English sufficiently well. I had real difficulties and first of all I had to learn three things. First, I had to learn English. And Brodie had very slurred speech that was difficult for me to understand. Second, I had to learn new spectrofluorometric methods. And third, I had to become familiar with new concepts in biochemical neuropharmacology. I can say Brodie was very, very nice to my wife and me. He helped us to find a place to live. Mrs. Brodie was driving my wife around Washington before she learned how to drive. So I have only good things to say.

LH: Did he allow you to pursue your own ideas?

FS: He was very egocentric and wanted people to work on problems he had an interest in. I remember once I ran into a little problem with him. I wanted to study something I was interested in and was working on it in the late afternoon. As always, he came to the lab in the late afternoon and when he saw what I was doing he asked, "Why are you doing this?" And I said, "Because it's interesting, Dr. Brodie." Then, he said, "Well, if you want to do this, why did you come to work with me?" So, I switched to work on a problem he had an interest in. The problem he was interested in related to imipramine. When he saw I was working on what he was interested in, he became very cordial and said, "Well, imipramine is an interesting drug. People say it works, but I don't believe it." So, I asked him, "Why don't you believe that it works?"  He said, "It doesn't block monoamine oxidase." He also told me that psychiatrists can't quantitate things, and if one gives them orange juice they will find it works. So I felt I had to work with imipramine but didn't know what to do in the beginning, because imipramine did not block monoamnine oxidase and behaved in many pharmacological tests like a weak phenothiazine-like compound. Then, Brodie said, "Well, maybe, we should have a model for depression." We were sitting together and I said, "Why don't we set up reserpine as a model of depression”.  Mimo Costa and Silvio Garattini had previously shown that imipramine antagonized some of the symptoms elicited by reserpine. So, we reserpinized rats and studied the action of imipramine. Sure enough, when we pretreated reserpinized animals with imipramine, the trophotropic syndrome became ergotropic.  Instead of closed eyes, the animals had wide-open eyes, instead of miosis, they had mydriasis, instead of being motionless, they showed increased motor activity.

LH: I don't know if people who will look at this tape will know what the ergotropic and trophotropic syndromes are. Didn't this terminology come from W.R. Hess?

FS: Yes, it was W.R. Hess who coined this terminology.

LH: That's another Swiss.

FS: Yes, that's another Swiss. To put it in a nutshell, the trophotropic syndrome is a syndrome  characterized by increased parasympathetic activity and decreased sympathetic activity. And this was what reserpine was doing. It induced a trophotropic syndrome.

LH: Does the name trophotropic come form tropho, to repair.

FS: Yes. Imipramine worked like a monoamineoxidase inhibitor when injected prior to reserpine. Instead of miosis, there.was mydriasis, instead of ptosis, exophthalmus, instead of decreased locomotor activity, increased locomotor activity, instead of hypotension, hypertension, and instead of decreased body temperature, increased body temperature.  Then, we asked how was the drug doing this? We knew it didn't block monoaminoxidase, but we had not the slightest idea how the drug, without inhibiting monoamineoxidase, "reversed" reserpine's effects. Later on we found imipramine also "reversed" the effects of tetrabenazine which is a benzoquinolizine compound with a similar action to reserpine but which works a little faster. Then, Brodie said, gee, this is interesting, maybe the drug works on brain serotonin, because he had the idea, based on findings by Pletscher and Shore, that reserpine's behavioral effects result from depletion of serotonin. Marcel Bickel, another Swiss who was there, and I treated animals with alpha-methyltyrosine which blocks tyrosine hydroxylation, the rate limiting step in the biosynthesis of catecholamines. It depleted norepinephrine and dopamine in the brains of the animals while it left serotonin untouched. This was the first depletion experiment done long before the Yale group started doing depletion experiments in human. We found that after norepinephrine was depleted, imipramine failed to antagonize the effects of reserpine.. So, we learned the availability of norepinephrine was crucial for the action of imipramine.  It did not take very long however to find out why norepinephrine was needed for imipramine's action. George Hertting, who was a post-doc with Julie Axelrod, came to our lab and said “We can explain your data. Tricyclic antidepressants block the uptake of norepinephrine.” So, everything became clear. Monoaminoxidase inhibitors and the tricyclic antidepressants increased the availability of norepinephrine but by different mechanisms, one by blocking the metabolism of norepinephrine, and the other by blocking its reuptake. The rest is history and people started screening for drugs which block the uptake of norepinephrine.

LH: Did Brodie's laboratory identify desipramine?

FS: Yes but what happened is another story. Brodie had the idea that the reason for giving imipramine chronically before it "reverses" the effects of reserpine was that the drug accumulated in the brain.  James Gillette had developed a method that could detect imipramine by fluorimetric means in the brain. Gillette had a graduate student, Jim Dingell, so  Jim and 1 got together and decided to see what actually happens. We treated animals chronically with imipramine and planned to measure the accumulation of imipramine in brain. But we couldn't. Instead,we found a compound in the buffer phase with fluorescence similar to imipramine that turned out to be desipramine (DMI).

LH: It had a different peak from imipramine?

FS: It had a different peak and it was extracted into the buffer phase whereas imipramine remained in the heptane phase. Using paper and gas chromatography, we were able to identify the substance in the buffer phase as DMI. This was the discovery of the first selective norepinephrine reuptake inhibitor. After that we used DMI as a tool in our research.

LH: Wasn't Brodie the first guy to put out the idea there were prodrugs and sometimes they were the metabolites that acted?

FS: He was thinking that way, even about imipramine. He thought imipramine was a prodrug, and the active compound was the demethylated metabolite. This is true with regards to norepinephrine function, because DMI is much more potent on the noradrenergic system than imipramine which is more potent on the serotoninergic system.  So, in many ways, imipramine was a pro-drug in making a noradrenergic drug from a serotoninergic drug. The important discovery in Brodie's laboratory was the demonstration that DMI-like antidepressants need norepinephrine to work.  The importance of the availability of norepinephrine in the action of DMI-like antidepressants became evident at Vanderbilt in our research on the down regulation of the beta adrenoceptor mediated cyclic AMP second messenger cascade.

LH: I think most people have the idea that Brodie had invested heavily on serotonin, but from what you told me, you and the rest of people, had a pretty good idea that norepinephrine was very important. How did Brodie, Pletscher and Shore measure serotonin?

FS: They measured serotonin using spectrofluorimetric methodology that had just been developed by Bowman and Udenfriend.

LH:  The introduction of the spectrofluorimetric method was a tremendous improvement.

FS: The person who put lots of work into developing a methodology for measuring monoamines was Sidney Udenfriend, who was at NIH before he went to the Roche Institute. It was an enormous advance that one could measure quantitatively small amounts of monoamines in different areas of the brain. In our experiments, after extraction into heptane, imipramine stayed in the heptane phase, and DMI was returned to an aqueous phase. The compounds were then measured fluorimetrically. Jim Dingell, who was instrumental in identifying desipramine, made his doctoral dissertation in this area. Jim and I learned from each other. He was teaching me methodologies in drug metabolism and I tried to teach him pharmacology. You know Jim Dingell; you interviewed him.

LH: Yes, I know Jim. He is a very modest man.

FS: He came to Vanderbilt where we continued to collaborate.  You asked me before to say something about Brodie. One thing of interest is that he used to tell his postdoctoral fellows  there are three things necessary to become a successful scientist. First you have to have an idea, second you have to be able to develop methods to test the idea, and third, you have to be lucky. And, I think he has been right.

LH: Methodology is tremendously important. I was thinking the other day that a sizable number of Nobel Prizes have been given to people for developing methods.

FS: Brodie's philosophy was that if you want to find new things, you have to be able to develop new methods. With new methods, you will be able to open up new fields.

LH: When he was at Ward's Island in New York trying to develop antimalarial agents, he had to develop new methods. He was very much into colorimetric methods in those years.

FS: That's correct. He also told people in his laboratory how important it is to measure something quantitatively. If you just have qualitative measurements, he used to say, "Forget it, you have to be able to quantitate."  This is what he and everybody in his lab had done. They used quantitative methodology and this is why the Brodie School opened up so many new fields.

LH: Well, he opened up the whole field of pharmacokinetics.

FS: It was opened up entirely by Brodie.

LH:  And, of course, he was into drug metabolism.

FS:  Brodie's fantasy was sometimes ahead of the data and there were a lot of people who faulted him for that. But it was his demonstration that psychoactive drugs can change the levels of monoamines in the brain, and the development of histofluorescence techniques that helped to catalyze the birth of biochemical neuropsychopharmacology and biological psychiatry.

LH: This was than done by Fuxe. Didn't he develop the histochemical method?

FS: Fuxe and Hillarp.

LH: And, Annica....

FS: Annica Dahlström. They were the ones who developed histofluorescence microscopy. And, they mapped, using these techniques, the distribution of noreadrenergic neurons, their terminals and their cell bodies, the serotonergic terminals in the raphe nuclei, and the dopaminergic terminals and so on. The origin of the idea of working on sytems, like the noradrenergic, serotonergic or other systems was deeply rooted in the teachings of W.R.Hess who emphasized that one has to work on functional systems because, if a finding cannot be related to function, it has no relevance to the central nervous system. This functional orientation is something that is lost. I remember Hess, when we were looking at a slide of tissue culture under the microscope, asking "What do you think you will learn from such studies about why you fall in love with a girl?". And Brodie looked at things in the same way. It was absolutely amazing what happened in his laboratory. Of course many people went to work with him, his laboratory was a Mecca of psychopharmacology in the 1960s. There was Brodie himself, and there was Axelrod, Udenfriend, Shore, Bogdanski, Pletscher and Carlsson. There were the Germans, Norbert Matussek, Eric Westermann, Hans Dengler and Karl Netter. There were the Italians, Mimo Costa and Luigi Gessa. Marcel Bickel from Switzerland, who later on became Chairman of Pharmacology in Bern, was there. It was a wonderful stimulating environment.

LH: How long were you there?

FS: I was there from 1958 to 1962.  Four years.

LH: So, that was the high point of your life?

FS:  If I could have been employed by the NIH, I would have stayed, but I couldn't.

LH: Because you were not a citizen?

FS: I wasn't a citizen and I was on a student exchange visa. I was supposed to go back to Switzerland for two years and then apply for a permanent visa. But, then, the politicians helped me to fix the problem. Jim Dingell's brother was in Congress, and his mother was Swiss. So,  Congress passed a private bill to change my exchange visa and get me a green card. 

LH: I gather you were at the International Congress in Moscow where Marshall Nirenberg presented his findings on the genetic code.

FS: No, I was not there but I was at NIH when Matthaei and Nirenberg discovered the genetic code. That was in 196I or 1962. They were just around the corner from me. After I became an immigrant I went to work for two and a half years at Burroughs Wellcome in Tuckahoe, New York, as head of their pharmacology department. But, as you can imagine, working in industry was not for me. It's not my life style. So when Dan Efron told me Allan Bass at Vanderbilt was entertaining the development of a Psychopharmacology Research Center  I thought that's a good opportunity for me to go back to academia, and get closer to psychiatry. This was in 1965.

LH: Sometimes we underestimate the influence administrators have, because Dan was nothing but a scientific administrator. Yet he was the one who encouraged Allan to start the Tennessee Neuropsychiatric Institute (TNI) and recruit you.

FS: Administrators, if they're smart, can do a lot by channeling things in the right direction. I think that top administrators, who are also scientists, should have membership in the ACNP as real members, and not just as administrative members. Some of them have made tremendous contributions to the field.

LH: For a very long period of time, in this country, nobody employed by industry could ever hope to be President of the Pharmacology Society.  John Burns was one of the very first people from industry to be asked.

FS: In 1958, when I came to this country, you could not even become a member of the Pharmacology Society if you were working in industry.

LH: That's never been a bias in the ACNP. Len Cook and Larry Stein were both connected with industry while they were President, and one of the guys running for president this year is also connected with industry.  I don't think we've had any biases in that respect.

FS:  I don't think so, either.

LH: So, after you left Burroughs Wellcome, you went to Tennessee?

FS: Yes, I went to Tennessee.

LH: That was what year?

FS: 1965.  Then I could develop my own research, in industry, I could not. And at NIH I worked with Brodie. So, this was a tremendous opportunity.

LH: You had to come down here, take a vacant space, and turn it into a laboratory?

FS:   Space at the State Hospital had to be turned into labs at the beginning. We got a center grant from NIMH with the enthusiastic support of Dan Efron. And the State of Tennessee gave us money to renovate the place. We had good space and we got good people to come to work in the Institute; post doc's like Elaine Sanders-Bush, Susan Robinson, Dorothy Gallagher and Phil Mobley. All these people went through TNI. Then Jerzy Vetulani came from Poland, and Janowsky.

LH: Dave Janowsky from San Diego?

FS:  No, Aaron Janowsky from Oregon.  We developed a very effective basic research group.

LH: Didn't Jerzy Vetulani go back to Poland?

FS: Yes, he went back.

LH: Is he a Chair somewhere?

FS: He is the Scientific Director of the Polish Academy of Sciences in Krakow.

LH: What did you start doing when you came here?

FS:  The first thing we did was ask the question why antidepressant drugs take so long to work. I was convinced that norepinephrine uptake inhibition per se had probably nothing to do with the therapeutic activity of these drugs, because uptake inhibition and the reversal of the reserpine syndrome take place rapidly. I had one of my graduate students during my first-year at Vanderbilt look at how fast uptake inhibition in vivo occurs. We gave imipramine and a few minutes later the uptake of norepinephrine was blocked. So, I concluded this could not be directly responsible for the therapeutic activity.

LH: Also, uptake into the nerves is especially fast.

FS: Yes.We looked for other mechanisms that take longer to produce an effect. This is when Earl Sutherland, another one of my heroes, with his cyclic AMP second messenger concept, came into the picture.

LH:  He did most of his work on cyclic AMP at Case Reserve in Cleveland, didn't he?

FS:  That's correct. He was a man with a vision. It was Earl who first talked to me about cascades in the CNS in which the interaction of a transmitter with receptors is only the first step, the step that activates these cascades. And this was before G proteins; we didn't know about them at the time. And while Earl was here at Vanderbilt he put the receptor for norepinephrine on the enzyme adenylate cyclase.

LH: So, nobody knew about G proteins then?

FS: No, the pivotal role of G proteins in signal transduction was discovered later by Rodbell and Gilman. Then, in a conversation one evening over Jack Daniels, with a fire burning in the hearth, Earl said, “If I were you, I’d look beyond the synapse at these cascades and the role they play in the action of antidepressants.” Obviously his favorite one, was the cyclic AMP cascade.

LH: At that time cyclic AMP was the only second messenger, wasn't it?

FS: It was the only one and it was difficult to measure the activity of the second messenger system. We didn't have a radioimmunoassay, so we had to use enzymatic reactions to measure cyclic AMP. It was very, very complicated and time consuming. Alan Robinson was involved in that. Then we discovered that if we gave antidepressants chronically on a clinically relevant time basis there was an adaptation going on at the level of the β-adrenoceptor-coupled adenylate cyclase systems. This was in 1975, 25 years ago. It was a tremendously interesting discovery. The sensitivity of a receptor to an agonist was measured by the activation of adenylate cyclase. We found the number of receptors in the membrane was changed after  chronic administration of antidepressants. Prior to this Lefkowitz and others discovered that receptor sensitivity was regulated by phosphorylation.

LH: So you had shown that the number of receptors decreased. 

FS: Yes.

LH: But the decreased number of receptors was not the consequence of the decreased sensitivity.

FS:  Rather the decreased sensitivity of the adenylate cyclase system was the consequence of the decreased number of receptors. So the first thing we found at Vanderbilt was that the number of receptors decreased. This led to the receptor regulation hypothesis and all kinds of other research. Importantly, we discovered that antidepressant treatments, tricyclics, MAO inhibitors and ECT, given on a clinically relevant time basis, reduced the responsiveness of the beta adrenoceptor-coupled adenylate cyclase system to norepinephrine in limbic and cortical structures of the rat brain and that chronic, but not acute treatment with noradrenergic antidepressants, down-regulated the biologically active form of the transcription factor, CREB-P, in the frontal cortex of the rat, indicating a net deamplification of the beta adrenoceptor – cyclic AMP cascade. Conceptually, these studies switched the emphasis on the mode of action of antidepressants and on the pathophysiology of affective disorders from acute presynaptic to delayed postsynaptic second messenger mediated cascades and opened up the gateway for subsequent studies of events beyond the receptors including changes in gene expression.   A little later, when Phil Mobley joined our lab, we realized we had to incorporate the glucocorticoids in  our work, because, stressful life events can precipitate depressive reactions. So we started to look at glucocorticoids and found that changes in glucocorticoids were changing the sensitivity of the receptor system to catecholamines. That led to the norepinephrine-glucorticoid link hypothesis of affective disorders.  The role of serotonin we did not understand for a long time. That changed when Berridge demonstrated that serotonin, through serotonin receptors we now know are 5HT2A and 5HT2c, activates phospholipase C, generating 2 second messengers, inositol-triphosphate (IP3) that mobilizes calcium and diacylglycerol, which activates protein kinase C.

LH: That was in the late 1960's?

FS: Yes. Then, Elaine Sanders-Bush, who worked with me, started looking at serotonin and serotonin receptors. I took care of the catecholamines and she took care of the indols. We found that the two systems, the noradrenergic and serotoninergic systems converged after the receptors. And that was absolutely fascinating. Norepinephrine through the adenylate cyclase system activated protein kinase A, that initially phosphorylates the receptor in the membrane, and causes desensitization of the system. Serotonin, through phospholipase C activation, made IP3 and diacylglycerol, which activates protein kinase C, and, we found that protein kinase C and protein kinase A have a cross talk with each other. Moreover, we found in human fibroblasts, using the transcription factor CREB as a target, that both the activation of the cyclic AMP- proteinkinase A pathway by the beta agonist isoproteronol and the activation of the proteinkinase C pathway by the phorbolester PMA caused phosphorylation of nuclear CREB, and that this phosphorylation is additive in nature.

LH: So you linked the activity of the serotonin system with the norepinephrine system?

FS: Yes. We're trying, now, to see what all this means. Paul Greengard at Rockefeller, who was previously at Yale, has shown that the final common pathway of signal transduction is the phosphorylation process, so the question now is, what is phosphorylated and what is less phosphorylated after desensitization, and what are the consequences of all this in the next compartment of the cell, in the nucleus. Presently, we're looking into this. Paul Rossby and I developed the hypothesis that behavior is put together by programs of gene expression.  It's a large program, it's like a huge orchestra in which there are twenty thousand players (genes) and there are first violins, first cellos, the horns and so on. This is well coordinated in" normal" people like you and me. Now, if the horn comes on at the wrong time, you have dissonance.  We feel in depressed people, because of stress or whatever, the plasticity of the system is lost in response to increased input; what the drugs do is help to adapt by restoring the plasticity at the level of gene expression. At the present time, we are trying to develop methods to identify the first violins and the cellos. In other words, developing methodology to measure programs of gene expression that are activated by transcription factors,  phosphorylated by the kinases. Hopefully, one of these days, we will understand what's going on.  The work with transcription factors is new and people don't talk about it yet, because it is very complicated. There are about two thousand eukaryotic transcription factors.  Once translocated to the nucleus, they will affect only genes that have responsive elements in the promoter area (nuclear receptors).

LH: Are c-fos, c-jun genes further down the line?

FS: Yes.. A transcription factor, like CREB, turns genes with CRE elements in their promoter region on via the beta adrenoceptor-cyclic AMP cascade. One will always turn on groups of genes, in other words, the first violins, the second violins etc. The question is, what are these genes and, importantly, what are their products doing. That's not easy to find out. We need new methodology; but this is where the field is going. Finally, you can envision the development of drugs that affect or restore faulty programs of gene expression.

LH: So we got away from the synapses.

FS:  Yes, all the way to the nucleus. There's already fascinating work in this area from Michael Greenberg's lab at Harvard. Michael has shown that fos-b, which is a transcription factor like fos-c and jun-c, is very important for the complex behavior of nurturing in animals. Normal animals, and this was done in mice, after they give birth, collect their off-spring, put them in the nest, put their body over them to keep them warm and nurture them. If you knock out just one transcription factor, fos-b, they don't do those things any more because nurturing behavior is interrupted. This is absolutely fascinating. By knocking out one transcription factor, the olfactory stimulus of smelling the pups doesn't work any longer.

LH: This knock out gene technique is fantastic. Who is the Japanese fellow who is using the knock out gene technique in studying behavior?  The one who won the Nobel Prize.

FS: I don't remember his name either. The task in the future is to apply these sophisticated techniques in an intelligent way to behavioral problems.

LH: His name was Tonegawa.

FS: Yes, Tonegawa. So, this is where the field is moving; from presynaptic events in the 1960's, to membrane receptors in the 1970's, to second messenger mediated activation of protein kinases in the 1980's, and, now, we are moving to the last compartment, the nucleus. That's where the action is now.

LH: That's an enormous amount of progress and you've been part of all of it.

FS:  It is enormous progress if you think about it. At the time I entered the field there was nothing known about cascades. When I was at the NIH in the late 1950s we were still grinding up whole brains of rats, just to measure serotonin or norepinephrine. There was nothing known about presynaptic events such as uptake, receptors, receptor subtypes. There was little or nothing known about protein kinases, G proteins, transcription factors, not to speak about the organization of the genes and how they're turned on and off.

LH: And, we still don't know anything about the gene products.

FS: That research will not be easy to do because those products are proteins, and the functions of proteins are difficult to study.

LH: You're still at the Tennessee Neuropsychiatric Institute?

FS: No, I'm in the Department of Psychiatry at Vanderbilt University. 1 have my laboratories there and my grant was  renewed this fall for another five years.

LH:  It should be easy for you to get grant support.

FS: I think so but I had to go away for a year, because I realized that the "old pharmacology" is not helping me any longer. It boxed me in with old techniques. So, I spent a year on  sabbatical at the Roche Institute of Molecular Biology.

LH: So, that's how you became interested in molecular biology?

FS: Yes. When I came back and had to renew my grant, I thought this time I will have problems, because members of the study section will say, why the hell, at age 60, does that fellow want to move into a new area of research. Well, I sent the grant in and guess what happened? They liked it, so much, that instead of five years, they approved it for ten.

LH: Wonderful! 

FS: I've been very lucky. The number three ingredient for successful research is luck, as Brodie said.

LH:  It's a great joy to be lucky and able to do the things we like,  that give us pleasure, and may even  help patients.

FS:  Well, that is one thing I sometimes miss, the patients. You remember I wanted to go into medicine because of the patients. The problem, if you get involved in basic research, is that you have to work with new methods, and you simply have no time for patients. The development of new methods is so demanding you cannot see patients.

LH: When you get to be my age you can go back to that Swiss town and do general practice. One of the regrets I have, and I'm sure you must too, is that we don't have enough lives to do all the creative things. I would have preferred to do more basic research but I also feel I have not spent as much time with patients as I would have liked.

FS: The last patient I saw was in the Swiss Army, before I left Switzerland.  Did you know, I was in the Swiss Army?

LH: You had to do your military service?

FS:  After I finished medical school, I was in the Medical Corps and that was the only place I saw patients. And after that I saw only rats and tissue cultures.

LH:  We have to settle for the blessings of the day.

FS:  I sometimes think that I made it up. That I helped develop two classes of drugs for affective disorders. I contributed to psychiatry with my work on the development of the secondary amine tricyclic antidepressant DMI. And, I helped develop bupropion while I was at Burroughs Wellcome.

LH: Bupropion is a very valuable antidepressant.

FS: It's a noradrenergic antidepressant like DMI.

LH: Doesn't it have dopaminergic activity?

FS: Yes, in the rat. But in man, bupropion is metabolized to hydroxybupropion which is a norepinephrine reuptake inhibitor.

LH:  I must say, Fridolin, I've always considered you to be one of the most creative people in the field, as well as one of the nicest.

FS: I don't know. I think the most important discoveries are yet to be made when we get to know these subsets of instruments, the first violins, the second cellos, the horns and so on. We're working on this now, trying to develop methods to identify specific differentially expressed genes. I am very fortunate being able to interact with Peng Liang who, while a postdoctoral fellow with Arthur Pardee at Harvard, invented the technology for cloning differentially expressed genes.  This makes it possible to display about 96 % of all the genes expressed in a particular cell type and subsequently to be recovered from polyacrylamide gels. I am looking forward to the discovery of novel genes involved in providing a predisposition to psychiatric illnesses. My dream would be to develop drugs that would selectively turn on or off sets of genes that are important for certain behaviors. I consider these transcription factors, activated by second messenger mediated cascades, important as light switches. If you can't turn them on because the light switch is broken, it doesn't matter how much electricity goes in, it remains dark.

LH: It's only as strong as its weakest link.

FS: That's correct.

LH: Thank you, Fridolin.

( Fridolin Sulser was born in Grabs, Switzerland in 1926.





