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SOLOMON H. SNYDER

Interviewed by Floyd E Bloom

Waikoloa, Hawaii, December 11, 1996

FB: We are in San Juan, Puerto Rico at the annual meeting of the ACNP. It is December 1996. I am Floyd Bloom. I have the pleasure this morning of talking to my good friend for many, many years, Dr. Solomon Snyder,( who is the Director of the Department of Neurosciences at Johns Hopkins University. We were just together in the plenary session where we heard about the generation of neurons that go to make up our cortex, and, the purpose of our conversation is to talk to the future generations of scientists who will come through the College.  So, let me ask you to think back about your earliest reminiscences of coming to ACNP in Puerto Rico and how you got involved.

SS:  After medical school and internship I was a Research Associate at the NIH with Julie Axelrod, and then I came to Johns Hopkins as a psychiatry resident. I could see a connection between being a psychiatrist and doing basic research on how drugs act in the brain, and decided that was what I would be interested to do. I was very fortunate in that the Chairman of Psychiatry, Joel Elkes, and the Chairman of Pharmacology, Paul Talalay, created a hybrid residency, in which I could be a faculty member in pharmacology in the second and third years of residency. It also enabled me to get some research going.  I’ve never left Johns Hopkins. Joel Elkes, of course, was one of the founders of the ACNP and very enthusiastic about it. Early on, perhaps in the third year of my psychiatry residency, or just when I finished, he said to me, “Solly,” and Joel was the only person besides my grandfather  I allowed to call me Solly, “you must attend the ACNP”. So I attended as a guest of Joel Elkes.  I don’t remember if I gave a talk at the first meeting, but I’ve talked at many ACNP meetings after that.  

FB:  How did you get into pharmacology?  How did you come to work with Julie Axelrod? 

SS: I went to college in order to be a psychiatrist but I had no interest in science.  I thought it was boring. Memorizing textbooks was not much fun. In high school, I liked reading about philosophy; but I knew that’s not a fit job for a nice Jewish boy.  I didn’t know what to do. In the 1950’s, everybody was going into engineering. Those were the Eisenhower years, the build-up in the Defense Department, and I couldn’t stand that sort of thing.  But, some friends were going to be in pre-med in college so I thoughtmaybe I’ll be a psychiatrist.  I liked thinking about how the  brain works and I care about people’s feelings. I figured all I’d have to do would be go to medical school and somehow survive the biological sciences.  In the summer, before I started medical school, I worked at the NIH.  I was going to Georgetown Medical School and, before that, I went to Georgetown College. I worked my way through college giving classical guitar lessons, because that was the thing I did best of all, playing the guitar.  One of my students was Donald Brown, who was in the first research associate class at the NIH.  In that program, you would spend two years doing your military service and getting research training. Don needed somebody to work in the lab with him and that somebody became me. I soon discovered that lab research was very different from science in textbooks and college courses. It was creative, very artistic and a lot of fun. I spent all of my elective periods in medical school, and all of my summers, at the NIH.

Working at the NIH in summers and elective periods during medical school taught me that laboratory research was fun and inculcated fascination with the power of biochemical tools to address all sorts of questions. While in medical school I also made use of the NIMH schizophrenia research to administer tests of Gestalt-like perceptual functioning. I found diminished “perceptual closure” in chronic schizophrenics and enhanced closure in more acute paranoid schizophrenics compared to normal controls.  In contrast to the greater variability that schizophrenics normally display in tests, I found decreased variability in these measures.  This work, done under the supervision of the great psychologist David Rosenthal, cemented my nascent desire to become a psychiatrist someday.  It also gave me a feel for the exhilaration of carrying through a research project from initiation to publication.  I wrote several papers on my own during medical school with publications in the Archives of General Psychiatry, the Journal of Abnormal Psychology and the Journal of Biological Chemistry.  

These experiences were only part time avocations, respites from the more boring aspects of medical school. Toward the end of medical school, like every other male medical student, I became concerned about how to cope with the “doctors draft” that faced all of us.  My hope was to do two years of psychiatry residency and return to the NIH for “military service,” carrying out some clinical research and completing the residency.  However, Elaine, who was to become my wife, needed to be in the Washington DC area to finish her college requirements.  Hence I roamed the halls of the NIH seeking a position, even though the “match” had been completed.   Julie Axelrod’s lab was across the hall from the one in which I had worked during medical school, so that I knew him reasonably well.  My mentor Donald Brown had collaborated with Julie in identifying the histamine methylating enzyme, an area of my own interest, as I worked with Don Brown on histidine metabolism in normals and schizophrenics. I remember well my interview with Julie.  He noted, “Sol, most of the applicants for Research Associate positions are valedictorians from Harvard or Yale and you only went to Georgetown Medical School so normally I wouldn’t have a job for you.  However, the fellow who was matched with you has just cancelled and I have no way of replacing him.  I like what you were doing in medical school so I suppose it’s okay for you to work with me.” 

I didn’t mind the lukewarm welcome. I just needed the job. Of course, my two years with Julie were the most important in my professional life. He was a mentor par excellence and a remarkable inspiration to myself and all the others who worked with him.

FB: Say something about how you and he decided what experimental areas to probe.

SS: Let me first comment about the atmosphere of Julie’s lab. He was so productive that most people thought he had 50 postdoctoral fellows.  In fact, there were never more than 5 people in the lab. During my tenure, the other key individuals were Jacques Glowinski, Leslie Iversen and Dick Wurtman. Julie was remarkably open to new ideas.  Anything we wanted to do was fine with him though usually the most creative ideas were Julie’s. Here’s an example of his strategy.  Julie loved to discover new enzymes, especially methylating ones.  He had already experienced great success with catechol-O-methyl transferase as well as the enzyme that methylates N-acetylserotonin to form melatonin and the histamine methylating enzyme. To seek new methylating enzymes he would incubate “out of the ordinary” tissues with radioactive S-adenosyl-L-methionine without adding any substrate. He would determine whether anything became methylated and then would try to identify the methylated product.  While I was in the lab he conducted such an experiment with the pituitary gland.  He extracted the methylated product into an organic solvent, evaporated it to dryness and then did paper chromatography. Whenever he evaporated the material, the radioactivity vanished indicating that the product was volatile.  He enlisted the assistance of the talented organic chemist John Daly who stabilized the product and showed that a novel enzyme in the pituitary gland was methylating water to form methanol.  The enzyme was enriched in various glands though it was present in all tissues.  There followed a paper in Science “Pituitary gland: enzymatic formation of methanol from S-adenosylmethionine”.  A few years later other investigators figured out what was going on.  Julie had discovered an important enzyme, protein carboxymethyltransferase. The carboxymethyl group exchanges with water and so the enzyme appeared to be methylating water.  In another instance, Julie incubated frog brain with S-adenosyl-L-methionine and found vast amounts of radiolabeled methylated product which turned out to be methylhistamine. Instead of being disheartened that he hadn’t found anything new, Julie suggested to me, “The brain has so much histamine endogenously, that one gets a robust signal in the methylating experiment.  There isn’t any efficient, sensitive means of measuring histamine.  Perhaps you could use the methylating enzyme as an assay for histamine.” Based on this fleeting suggestion, in the next couple of weeks I developed a novel enzymatic-isotopic assay for histamine which became standard in the field.

Julie always said that the most important element in scientific discovery is a simple, sensitive, specific method to measure substances. Science is all about measuring things.  If you can measure something readily that no one could previously, discoveries will abound.

FB: You took that message very much to heart with your methods for characterizing ligands that bind to receptors and drugs that interact with them.  Can you describe how all of this came about?

SS:  I worked with Julie from 1963 to 1965 at which time I came to Johns Hopkins for Psychiatry residency. During residency I was on the faculty with a research lab part time.  In 1968, when I finished residency, I launched a full-fledged laboratory effort focusing primarily on neurotransmitter uptake.


In 1970 Pedro Cuatrecasas joined our faculty with his laboratory down the hall from mine.  At the NIH, Pedro had identified insulin receptors and developed efficient techniques for monitoring insulin binding to receptors that enabled them to address many questions about insulin function.  Since proteins or drugs can bind non-specifically to many tissue elements, it was necessary to distinguish the signal of physiologic receptor interactions from the noise of non-specific binding.  Pedro did this with a vacuum manifold that could process 50 samples at a time and permitted vigorous but very rapid washing to remove non-specifically bound ligand while preserving receptor interactions.  


About this time I read a paper in Science reporting the sequencing of nerve growth factor and noting a similarity to insulin.  I suggested to Pedro that my new postdoctoral fellow Shailesh Banerjee might wish to seek a receptor for nerve growth factor utilizing Pedro’s insulin binding technology. Our collaborative work led to the identification and characterization of nerve growth factor receptors.  


About the same time, President Nixon declared war on drug abuse and appointed Jerry Jaffe as his drug czar. Arnie Mandell and I importuned Jerry to allocate some funds for drug abuse research centers.  Biff Bunney, who headed the drug abuse division of NIMH, later to split off as NIDA, instituted an application procedure and Hopkins received one of the centers.  In my application, I describe two projects, one relating to our ongoing amphetamine-dopamine research and the other a proposal to seek opiate receptors. The review committee applauded our amphetamine research, as we had already published several papers in the area, but dismissed the opiate receptor concept as fantasy, since we hadn’t already published in the field.  Fortunately we received the grant and could do whatever we wanted.  Within a few months opiate receptor binding had been identified.   

FB: Could you describe the discovery process and what happened thereafter?  

SS: The most critical element of identifying a receptor by ligand binding is selecting the appropriate ligand to be radiolabeled. It must possess high affinity for the receptor, preferably about 1–10 nanomolar.  Equally important, the ligand should be fully water soluble, as lipophilic agents often display massive non-specific binding.  For the opiate receptor, we selected naloxone which fulfilled all of these criteria. The opiate receptor success implied that proper ligand selection might enable us to find other neurotransmitter receptors. 


The muscarinic cholinergic receptor was an early success. It stemmed from a visit to Yale with my friend George Aghajanian. He had done his military service at Edgewood Arsenal outside Baltimore where the military had developed mind altering agents as potential weapons.  One remarkable substance, quinuclidinyl benzilate (QNB) was a muscarinic antagonist of such great potency that it elicited an atropine-like psychosis lasting three days.  George wasn’t sure whether this substance was still classified but suggested that, if I could find some, it might be worth radiolabeling. By coincidence, I was anticipating a new postdoctoral fellow joining me in a few months from Edgewood Arsenal, Hank Yamamura. I phoned Hank, who was at first nervous about my knowledge of QNB.  When he arrived at our lab a few months later, he brought a small vial of the substance with him and within a year had completed the identification of the muscarinic receptor.  Tritiated QNB to this day remains the most widely employed neurotransmitter receptor ligand.  


The properties of the opiate receptor so much resembled a neurotransmitter receptor that most people assumed there must exist an endogenous opioid-like substance that was a neurotransmitter. In Aberdeen, Scottland, Hans Kosterlitz and John Hughes sought such a substance by showing that brain extracts could mimic the effects of morphine in inhibiting electrically induced contraction of the mouse vas deferens with the effects blocked by naloxone, ensuring specificity.  In our own laboratory, my MD/PhD student, Gavril Pasternak, showed that brain extracts could compete for ligand binding to opiate receptors with the relative amount of such substances in different brain areas paralleling the relative densities of opiate receptors.  A postdoctoral fellow, Rabi Simantov, purified the substance to homogeneity revealing a five amino acid peptide.  Just about then, in early December 1975, Hans Kosterlitz mailed me the galley proof of his paper in Nature reporting the structure of the enkephalins, peptides whose amino acid composition was the same as what we had identified.  About six weeks later we completed the sequencing of the enkephalins and came up with the same findings as Hughes and Kosterlitz.  

FB: You’ve trained some splendid students and have already mentioned Hank Yamamura and Gavril Pasternak. Mike Kuhar has done distinguished work and Joe Coyle is Chairman of Psychiatry at Harvard. What is it that you conveyed to your students that enhanced their success?  What do you recall inheriting from Julie that you try to pass on to your own young people?

SS: Julie was such a wonderful mentor that I’ve based my interactions with students on Julie’s interactions with me. Being a mentor to students is similar to being a parent to your children.  It’s also somewhat akin to certain forms of psychotherapy, such as the “unconditional positive regard” that Carl Rogers emphasized.  I try to encourage people by positive reinforcement.  If something goes bad, never say “You stupid idiot”, just say nothing.  When things go well, provide unstinting praise. Constantly ask students for what he/she thinks should be done and always encourage his/her ideas. Of course, what we work on in the lab is typically the best idea which may come from me or from the student.


In beginning with a student in the lab, since he or she often has little background experience, the first project is most likely something I suggest.  Just as Julie always did, the first project is well structured with a high probability of success, a strategy that builds self confidence. Gradually the student weans away from dependence on the mentor. This process varies greatly with different students. The goal, which I hope to attain after a year or so of time in the lab, is for the student to come up with 90% of the ideas.  In terms of managing research in the lab, I believe in “management by walking around.”  I simply hang around the labs and brainstorm with the students.

FB:  Young scientists are very tense these days with worries about grant funding.  What are your thoughts?  Are we training too many scientists or not enough good ones?

SS: There are many sides to this question.  Though the NIH budget greatly exceeds the spending by other countries on medical research, I think we could still do better. Our brightest young people go to Wall Street, not just for the money but because the opportunities of accomplishing something important are great. Few people get rich doing biomedical research, but if resources are available to do something important, we will bring back the talented folk to the laboratory.


Doubling the NIH budget still hasn’t addressed the need for new insights. You could argue that our problem isn’t lack of money but its inefficient use.  More than most countries, the American biomedical enterprise is spread out among a large number of universities of varying excellence. Perhaps research funding should be concentrated in a few truly outstanding institutions. Julie Axelrod always said that 99% of the discoveries are made by 1% of the scientists. If one looks carefully, his dictum is almost literally accurate.  On the other hand, it wouldn’t be the American way to restrict NIH funding to Harvard and Hopkins.  Moreover, the big discoveries often come from out-of-place institutions.

FB: You had the chance to make many interesting discoveries.  What’s the most surprising thing you ever discovered?  What was the thing that you couldn’t believe was true and you kept going back and trying to kick yourself in the head, how could this be?

SS: One remarkable project involves the immunophilins. These are the receptors for immunosuppressant drugs such as cyclosporin and FK506.  Joe Steiner and Ted Dawson, while postdoctoral fellows in our lab, discovered that they stimulate neurite outgrowth and are neuroprotective in very low doses. If one lesions nerves, these drugs stimulate their regrowth.  In models of Parkinson’s Disease in numerous species including monkeys, immunophilin-related drugs which are not immunosuppressants prevent the loss of dopamine neurons and have had promising effects in Parkinsonian patients.   

FB: You have been involved as a consultant to the pharmaceutical industry.  Could you project what areas of new drugs may emerge in the future?

SS: In the area of neuropharmacology we will certainly see more drugs interacting with receptor subtypes.  For instance, there are more than a dozen serotonin receptors most of which are likely to have important behavioral roles. Sculpting drugs for one or another of these may provide great benefit with fewer side effects.  


More interesting would be speculations that drugs might emerge that impact genetic mechanisms directly. My pet idea would be to develop drugs that bind to promotor elements of genes rather than to proteins.  We know that transcription factors bind to promotor elements, why not drugs?  Of course, drugs do bind to transcription factors themselves.  For instance, steroid receptor proteins are transcription factors which interact with the steroids, themselves important pharmaceutical agents. Already the drug industry is developing antisense nucleotide agents which are efficient drugs. However, they are difficult to stabilize and have poor bioavailability. Why not screen conventional drug structures to find ones that bind to specific recognition elements in genes?  Chemists worry too much about carefully designing agents that “fit” specific targets, in this case nucleotide sequences.  I’d prefer a broad screen of hundreds of thousands of drug-like molecules seeking anything with micromolar affinity.  Respectable “hits” could be further transformed into agents with nanomolar affinity after which the conventional drug development process would ensue.  

FB: Thanks very much Sol.

( Solomon H. Snyder was born in Washington, Disrrict of Columbia in 1938. 





