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BERNARD W. AGRANOFF(
Interviewed by Leonard Cook

San Juan, Puerto Rico, December 14, 1995

LC:  It really is a pleasure, Bernie, to have the opportunity to chat with you.  As you just reminded me, we go back 30 years to an ACNP meeting here in Puerto Rico.  What brought you to that meeting?

BA:  I was invited to participate in a symposium on learning and memory.  You were working on ribonucleic acid (RNA) and memory at the time.

LC:  Of course.  One of the things everybody would be interested in is where you are from originally and your academic background.

BA:  I was born in Detroit.  I had strong interests in art as well as in science.  Like several boys in my neighborhood, I had a basement chemistry lab and kept busy glassblowing and making explosives.  I remember an older fellow, Eugene Roberts across the street who had a basement laboratory, and I was interested in what  he might want to get rid of.  I met Eugene Roberts in later years as a fellow neurochemist, and we have remained good friends.  I went to Cass Technical High School, originally as an art major, but from the start I included science courses in my studies.  My change of direction came about in a math course designed for art majors.  On the first day of the course, our instructor, pointing at the blackboard, said, “These two triangles are similar because they have two angles and a side in common.”  When I fearfully raised my hand and asked for proof, she said, “You feel it in your bones.” That day I switched to the science curriculum math course. I needed proof.

LC:  What kind of scientific background do you have?  

BA:  By the time I graduated from high school in 1944, I had quite a bit of chemistry and math behind me.  I was fortunate to be selected for the Navy V-12 officer-training program and was stationed 30 miles from home at the University of Michigan.  In 1946, I moved back to Detroit as a civilian and medical student at Wayne State University Medical School.  At that time, I was intrigued by histochemistry and made tentative plans to drop out of med school at the end of my second year to pursue scientific training, but the professor of medicine talked me out of it.  I completed my medical training and internship and then went to the Massachusetts Institute of Technology (MIT) as a postdoctoral student with F. O. Schmitt in the Department of Biology.  There I was immersed more in biophysics than biochemistry.  The Navy called me back as a doctor during the Korean conflict and I spent 1952 to 1954 at the Naval Hospital in Bethesda, teaching and running a clinical chemistry laboratory, looking enviously at NIH across the road.  Roscoe Brady offered me a position at the National Institutes of Health (NIH), and rather than completing a PhD at MIT, I went straight to my new NIH lab to begin a career as a lipid chemist.  I have maintained a dual career as card-carrying lipid biochemist and/neuroscientist.  At NIH I worked on phosphatidylinositol synthesis and discovered CDP-diacylglycerol, which turned out to be more important than anyone guessed as an intermediate in the phosphoinositide cycle, and signal transduction. The atmosphere at NIH was unbelievably stimulating.  Seymour Kety was  head of the combined laboratories of the Neurological and Mental Health Institutes.  It was there  I met friends and colleagues, some of whom I still maintain close contact with, notably Louis Sokoloff, Seymour Kaufman and Guilio Cantoni.  I spent a total of six years at NIH, one year of which was in Germany, working with Feodor Lynen on cholesterol synthesis. A developing interest germane to psychopharmacology occurred during this period.  A new psychoactive drug, meprobamate, otherwise known as Miltown, took the country by storm.  Its structure was simple and lipid-like. I went to the library and discovered nothing was known about its metabolism.  Today you wouldn’t have any drug on the market, let alone a major one, that hadn’t been thoroughly studied metabolically.  So I went to see a fellow down the hall who seemed to be an expert on drug metabolism named Julius Axelrod.

LC:  I’ve heard of him!

BA:  When I asked him what he thought about meprobamate’s metabolism, he said, “Why don’t you find out? It’s easy.” So we sat down and talked about the probability it was hydroxylated, conjugated to its glucuronide, and then excreted in urine.  From clinical lab experience in the Navy, I was confident that after extracting meprobamate or its derivative from urine with ether or some other lipid solvent and heating with sulfuric acid, we would get a measurable chromogen.  So  I went home, took four Miltowns, and slept well, collected my urine for three days, got the data, and we published the results in Proceedings of the Society for Experimental Biology, a journal nicknamed “Blue Bits.”  The connection of this story with my research in learning and memory is through a symposium to which I was invited at the New York Academy of Sciences on various aspects of Miltown, in 1956.  There I met Eckhard Hess, a psychologist from the University of Chicago who reported that the imprinting period of newly hatched ducklings could be prolonged by treatment with meprobamate.  At that time, the Willsbach technique for tritiating organic substances had just come out, and I was tritiating everything in sight including meprobamate.  I had the simplistic idea of using radiolabeled meprobamate to localize it in the brain. That turned out to be not very fruitful.  However, in the meantime I had imprinted some ducklings I obtained from Hess and kept them in my lab at the NIH.  I still get kidded about having those imprinted ducks following me down the halls of Building 10.  This was the beginning of being hooked on learning and memory.

When I moved to the University of Michigan in 1960, Ralph Gerard was Director of Laboratories at the University’s Mental Health Research Institute. He was himself interested in learning and memory and very supportive.  Also, there was a somewhat flamboyant psychology professor named Jim McConnell, who studied behavior in flatworms and published a very popular semi-scientific periodical, The Worm Runners Digest. He claimed he could condition flatworms (Planaria) to respond to a light-coupled-to-shock paradigm.  Once trained, they could be cut in half and after the halves regenerated, both demonstrated the learned behavior. While I was intrigued, I found the behavioral assay excessively subjective but I hired a student for the summer to pursue this line of research.  The first thing we did was to attempt to semi-automate the behavioral assay.  We constructed a bank of 10 mini-shuttleboxes.  The compartment walls were made out of “egg-crate” plastic used for diffusion of overhead lights.  I still have it.  We alternately lighted one side of the compartments an then th other by means of an overhead photo-projector, using a Lionel train track switcher.  High tech! The worms wouldn’t learn.  After two months of frustration, I told the student to go to the dime store and buy some guppies.  They are the same size as Planaria, but have eyeballs and spinal cords.  The guppies immediately learned the task, and I was soon in the fish business, specifically goldfish.  Our major discovery was that by inhibiting protein synthesis with various antimetabolites, we could demonstrate in goldfish that learning to avoid light by swimming over a hurdle to avoid electrical shock was not blocked, but the formation of permanent memory was dramatically blocked. So I evolved the hypothesis that acquisition of short-term memory involved post-translational mechanisms with very short time constants, but that the formation of long-term memory took place later and required time for protein synthesis to occur. It supported the argument there is a biochemical basis to higher brain function, which today would be taken as a given.

LC:  Yes, as a given.

BA:   Historically, vitalism died very hard and for the nervous system only in the last couple of decades. I think that’s my main contribution.

LC:  If your career could go another 40 years what would you like to do?  Where do you think the action is going to be and how would you fit into it?

BA: If you look at a complex behavioral phenomenon such as memory formation, ways to approach it are either interventional or correlative.  By interventional, I mean you interfere with a physiological process, such as to block protein synthesis produced by puromycin.  Some of our very sophisticated molecular biological tools, such as over-expression or knockouts, are really interventional, they suffer the same kinds of problems pharmacological agents do; you may not be blocking a single process.  In the case of knockouts, you may not be blocking the targeted metabolic step, since there may be multiple genes, giving rise to isozymes.  So, it’s not perfect.  Biochemical approaches are usually correlative.  The ultimate correlative science is probably astronomy.  All astronomers can do is look.  So, historically, when we saw protein synthesis was required, we knew the next step would be very daunting, and it still is. To identify a common protein in certain brain cells necessary for memory formation, but where do you go from there?  If you homogenize the brain, you’ve lost every hope of finding what’s going on. Basically, my goal was, and still is, to find biochemical correlates that are causal rather than epiphenomena in memory formation. 

LC: My career goes back 45 years in the field of drugs and behavior, historically from the antipsychotics to stimulants, anxiolytics and antidepressants.  This was designed to intervene and selectively suppress certain substrate systems and behaviors for therapeutic gain, but for the last 10-15 years, we have been looking for drugs that enhance behaviors and physiological functions, such as memory and learning. Many people think it is okay to suppress abnormal behaviors, yet feel uncomfortable conceiving of pharmacological agents to enhance brain functions like memory or learning. They feel by doing that “you’re messing around with the hand of God.”    How do you feel about a drug that some day might facilitate or enhance intellectual processes or memory and learning? 

BA:  I’m much more positive than when I first got into this field. If I may backtrack a minute, in telling you what I was going to do in the next 40 years, I only got into about six months of that.   When we got into the fish brain and wanted to know what was going on, we realized what a difficult problem it was.  So we decided to use a simpler model of neuroplasticity, the regeneration of the goldfish optic nerve.  We believe that in regeneration, as in memory formation, new synaptic growth occurs within the scaffolding of an adult brain.  This seems much simpler than what occurs during brain development, which involves in addition mitosis, differentiation and cell migration. For me regeneration appeared a more suitable mode to look for biochemical “handles” that could then be investigated in learning and memory formation. We found several potential “handles.” One in particular is made in the retinal ganglion cells, when the optic nerve is regenerating. We think such handles could be turned on in the brain during learning.  So what I plan to do in the remaining 39 and 1/2 years is return to learning and memory in the fish, to localize regeneration-linked biochemical handles and find whether they are turned on by behavioral inputs, and then localize them by means of in situ hybridization and other modern tools.  We have cloned one protein candidate from our regeneration studies. This will be like a five-year project, maybe that’s a more reasonable time frame.  I’m very excited about that; there is a novel experimental species, the zebrafish, for which there are available mutants.  Many labs are going into it in a big way. 

 Now, about the argument whether it’s the hand of God; as you know the nervous system is the most exquisitely tuned part of the human body.  Is it possible we can improve on natural selection?  Aren’t we already, as a species, operating at our maximum?  That’s one argument.  On the other hand, I like to use the example of digitalis.  The human heart is a wonderful organ, and yet we have a drug that can optimize its function beyond what one would have thought  possible. I think there could be a digitalis for the brain, and particularly in people slowed by age.  Lots of what we consider memory problems in the aging are retrieval problems.  If you speeded up retrieval there would be a tremendous improvement in quality of living.  So I think it’s reasonable.  

LC:  I realize the field is focused on improving a decayed learning memory process, trying to prevent degeneration and facilitate whatever residual function is left, which some of todays compounds do.  But in a normal young adult, who seems to be doing well in his intellectual processes, what are your thoughts? Is it possible to improve his memory and learning process and what is your philosophy about that?

BA:  There have been a million science fiction stories about improving the species genetically and the horrible things that could result. I have the same fears any other science fiction reader would have of tampering with genetics in that sort of a way.  I have no problem using gene therapy for the amelioration of disease, but . . .

LC: Not making Superman?

BA: If we think about improving the species, I don’t believe we could all agree what the improvement should be, and the great danger is we might wipe out the human race by losing the essential wild genes.  

LC: This has been a very provocative point for 10 to 15 years because of my involvement in the development of drugs to enhance learning and memory.  I defend this approach because a pharmacological agent can’t do anything more than modulate what’s there.  And if you can facilitate function, I think it is fine because we do all kinds of things to facilitate whatever else we have.  But not many people agree with me. 

BA: I’ll turn the tables on you.  Obviously, we are not talking about genes but drugs.  How do you feel about athletes taking amphetamines or steroids?  Do you have any problem with that?

LC: As long as it doesn’t produce untoward side effects, I see nothing wrong.  Of course, it gives them an advantage over others, but that’s another issue.  To pharmacologically enhance a given physiological system you already have; I have no problem. This always comes up in discussion. 

BA:  I haven’t spent a lot of time thinking about that.  I keep thinking about correcting effects of disease or degeneration, bringing things back up to normal, rather than exceeding what is considered normal performance. In terms of the morality, you didn’t ask me that.  You asked what I think of the possibility. If you dissect what we call performance into various components like cognition, reaction time, and memory, I can see there might be drugs to affect reaction time for sure and probably retrieval time and memory.  So, cognition has to be broken down into its subcomponents, but I can’t quite fathom a drug that would improve overall cognitive skill.

LC:  One of the things you have been doing, is to intervene with the degenerative process or perhaps enhance regeneration, which to me would be a fascinating hope for the future, particularly in the fields we are both working in, memory, learning, Alzheimer’s, senility.  What do you think of the feasibility there?

BA:  You have been in the pharmaceutical industry for years, and I think you will agree a major problem in drug discovery is developing the screens you need. We don’t have very good animal models here.  We usually try to impair the animals and then restore them, but those aren’t very good model systems.  But maybe there are ways of doing human testing that are relatively safe.  I think that an impetus for all of this is going to come from human brain imaging.  For example, fMRI is minimally harmful, if at all, and my prediction is we are going to find some drugs that have unexpected actions or some substance that will affect the regional distribution of brain metabolism or blood flow. Then investigators will go back and perform the relevant neuropsychological testing. It’s going to come out of that collaboration, not neuropsychology alone.

LC:  Isn’t that interesting?  Getting back to the future what are some of your grad students working on?

BA:  I mentioned we were looking for handles; with collaborators at Michigan we have cloned a protein that is turned on in regeneration.  We had a paper in the Proceedings of the National Academy of Sciences (PNAS) a few weeks ago, and are busy finding out if our finding is a correlate of regeneration or an epiphenomenon.  What is it this particular protein does?  What is its role in regeneration?  At the same time, I have a technician working on a Pavlovian classical conditioning paradigm.

LC:  In what animal?

BA: In the zebrafish.  And that ain’t easy but I think its working.  They are very tiny.  Eventually, it will all come together. As we were discussing before this interview, I recently stepped down from being director of the institute for 12 years, so I have  more time to do all  this. 

LC:  You’ve been at Michigan for 35 years? 

BA: Yes.  I’ve also been interested in noninvasive imaging, and some of my former students are now doing that. 

LC:  For this critical and important research, what is the probability of financial support? Is there concern for the future?

BA:  This is December of 1995, and everybody is worried about federal funding; whether the government is going to close down tomorrow.  

LC:  Literally….. 

BA: So we have to use every means to keep funding going.  The growth in numbers of scientists, particularly neuroscientists, has been so phenomenal that, like with any growth curve, it has to flatten somewhat.  But to do this in an excessively disruptive way will throw science back many, many years.  One regrettable aspect is so many people are spending time writing grants rather than doing experiments.  Also, the grants they write are excessively defensive.  The so-called “bulletproof” grant is not as imaginative as it could be. 

LC: Let me switch to another topic. In everybody’s career there are people who play a very critical role. You have made reference to this, but probably you could mention some others who had an effect on your carreer.

BA: That’s a good question. I mentioned working with Feodor Lynen in Munich, who was a wonderful biochemist and a very stimulating man, because he was a chemist as well as a biologist, and had tremendous insight.  I gained a lot from being in that laboratory.  I also gained an enormous amount from my experience at the NIH.  I mentioned some of the people involved. Seymour Kety was inspirational in terms of his insight, his personality, his humility, and also his students, especially Lou Sokoloff, who has been a very close friend all these years.

LC:  Seymour Kety has been one of my heroes also.  

BA: In a very different way, Ralph Gerard was influential.  He was involved in my coming to Michigan, and we had useful chats about memory.  He was very witty.  One thing he said stuck with me.  He classified scientists as either dogs or cats; in other words, collaborators or loners.  I walk around our laboratory and say to myself, “he’s a cat, he’s a dog”.  I have two kids.  One’s a cat and one’s a dog.  I love them both, but they are different.  It’s a wonderful game you can play when you think about the personalities of creative people.  Gerard had the conviction that memory has a physical basis, the engram.  He was a fantastic person and a walking history of neuroscience, a term it is said he coined.  He had met Ivan Petrovich Pavlov and Sigmund Freud, and had worked in A. V. Hill’s and Otto Meyerhoff’s labs.  He was a very, very bright man and, for me, influential.


 When I made a decision I was going into neurochemistry in the 1950’s, I wasn’t sure it was even a field, so I looked for a wise man to consult.  I went to see Efraim Racker, a famous biochemist, who at the time was at the Public Health facility laboratories in New York.  I asked whether he thought neurochemistry was a promising field.  He did, so that was encouraging.  And I asked the same question of Dewitt “Hans” Stetten at NIH.

LC:  One of the questions we have been asked in these interviews is, are you happy about the way things have turned out career-wise?

BA:  Yes, I think so.  There are some who have said if I had stuck with lipid chemistry I would have gone further professionally.  But I am constitutionally unable to narrow down as much as  would be professionally advantageous.  I’ve had this wonderful opportunity that may never repeat itself for others of being able to do what I wanted in the lab.  That’s less and less true.

LC: You have a lot of young people working for you so, if you had words of advice for people starting their careers, what gems would you tell them that reflect your own experiences?  

BA:  What we were talking about; to find an area in which you can be an expert and stay focused.   To my students I often said, “Do as I say, not as I do,” because I think my way is no longer possible, and probably not the way to attempt.  I very often had students consult me over the years who tried to make the decision between going into medicine, into biochemistry or a joint MD, PhD degree, and my advice varied, depending on the times.  I cautioned them, “Don’t go for the MD if you can’t imagine yourself treating patients.”  Don’t go for the MD just to have the degree behind you, because you won’t be happy in medical school if you can’t really relate to patients.  Some of my former PhD students are now going for medical degrees, and as bad as medical practice looks at the moment, combining a professional and scientific career is becoming  more difficult.  

LC: Yes, the biological sciences are going through a tough time in terms of support, and I don’t  know what the future is.  But there are so many questions to be answered and such a fascinating set of careers and opportunities ahead that I wonder how tough young people today are going to have it.

BA:  This is both worrisome and heartening, to see young graduate students, wide-eyed and bushy-tailed, who you tell about funding problems, and they see their mentors are not getting grants and are unhappy, but they also know what they want to do and what they want to be. 

LC:  It’s been delightful Bernie, to reminisce this way.  We can’t finish without a few extra words of wisdom. 

BA:  I’m amazed  how quickly our time has gone.  You’ve heard the saying; people who talk about others are gossips; people who talk about themselves are bores.  And people who talk about you are brilliant conversationalists.  So I think you’ve been a brilliant conversationalist!

LC:  That’s great, Bernie.  It’s been a pleasure.  

BA: Thank you.       

( Bernard W. Agranoff was born in Detroit, Michigan in 1926.





