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ERIC M. SHOOTER

Interviewed by Thomas A. Ban

San Juan, Puerto Rico, December 9, 2002

TB: This will be an interview with Dr. Eric Shooter( for the archives of the American College of Neuropsychopharmacology. It is December 9, 2002. We are at the Annual Meeting of the College in San Juan, Puerto Rico. I’m Thomas Ban. We should start from beginning. When and where were you born? Tell us something about your education and how you got involved with neuropsychopharmacology.

ES: I was born in a small village north of Nottingham in England that was part of the original Sherwood Forest.  My family jokes that we got our name from our ancestors, who were the shooters in the forest, clearly on the side of Robin Hood and not the sheriff of Nottingham.  But, my family moved after about two months and my father, who was a mining engineer, became an inspector of mines in the mining district, which encompassed the counties of Derbyshire, Nottinghamshire, and Staffordshire. The town in which we were situated, Burton-on-Trent, was outside the mining area with easy access to all three counties. It was a major brewing town where beer had been brewed since William the Conqueror using water from the local wells. I lived there until I was eighteen and left for Cambridge and I had a very pleasant childhood.  I had one brother, Kenneth, older by eighteen months, so there was always a companion around, for better or for worse. My parents were very loving, but reasonably strict. I went to state schools, first from five till eight or nine, then to an intermediate school and from there, I managed to win a scholarship to the local grammar school, which had been founded in 1521.  It was a relatively small school with three hundred pupils ranged in the age from ten to eighteen.  It had a good teaching staff, strict but relatively pleasant, a very encouraging atmosphere and a nice place to thrive.  We studied the usual set of subjects and played a lot of sports including, cricket, rugby, running and tennis.  When it came to specialize it was easy for me to choose the topics, science, math, physics and chemistry.  In the small amount of science I’d taken in the first four years, I came to enjoy its logic.  You could ask a question and get a reasonably straightforward answer without too many permutations.  In those two years of specialization I went through to the second level of examinations, the higher school certificate and qualified for college at age 16.  I had a headmaster who was a superb person with a number of great attributes.  He was determined to get more of his students from our school, the Burton-on-Trent Grammar School, into Cambridge. He’d just come from a senior position in Cambridge and knew how to do this. He also insisted that nobody should attempt to go to college before the age of eighteen, so he suggested I stay around for another two years in the Sixth Form retaking and expanding the same subjects. It was very good advice; the third year was with other boys doing the same thing, the fourth year by myself.  We were given textbooks of Experimental Physics and Experimental Chemistry and allowed to work our way through them, which I did with great abandon and pleasure.  I recall when I managed to accidentally light the hydrogen jet and blow the apparatus up. It disappeared through the roof and there was a little bill to pay for the repair. Aside from that, I learned a great deal about experimental physics and chemistry, which helped me enormously when I finally went to Cambridge.

TB: What year did you go to Cambridge?

ES:  I took the exam for Cambridge in the year 1941, passed and was admitted to Gonville and Caius College in 1942.  Being wartime, the decision whether I went to college or not was made by a National Board.  

TB: What did you do at Cambridge? 

ES:  I had three years at Cambridge studying mathematics, physics and chemistry and an extra subject of mineralogy.  Although many of the Fellows of the colleges had gone off to war the teaching was still at a very high level and we benefited from the usual Cambridge system, having a weekly tutorial, one on one or two, with experts in my chosen subjects.  I found mineralogy much to my liking, the characterization and study of mineral crystals and their analysis by x-ray crystallography. Given my choice, I would have become a mineralogist but at the end of two years the British government decided that chemistry would be an important subject after the war. So they told a group of us that if we wanted to study chemistry for a third year and specialize we could stay on.  There were twelve or thirteen of us who opted for that. I completed the third year successfully in the summer of 1945 as the war was ending and was able to immediately stay on in Cambridge as a graduate student in the Department of Colloid Science, a department committed to the study of the chemistry of large molecules. 

TB: Chemistry of large molecules, could you elaborate?

ES: Large molecules are the naturally occurring polymers and proteins like collagen or the plant polymers. It was a topic that was to become increasingly important with the manufacture of man-made polymers. Nylon came into being about 1947, during my graduate work, so the subject had enormous importance for understanding the properties, chemical structures, and the characteristics of these compounds.  My supervisor, Paley Johnson, had originally been going to get me to work on rubber as one of the important polymers until he found a postdoctoral fellow to do that and thought I would enjoy working on the proteins of the groundnut (peanut) instead. It was known that you could extract proteins from peanuts and spin them into a fine fiber, which was quite elastic and stable, suggesting the possibility of making cloth and garments out of peanut protein.  Before that got very far however, it was superseded by nylon. Interestingly though, the British government thought it could help England where they was still rationing and countries in West Africa nutritionally, if they grew peanuts. So they set out to do this on a large scale in West Africa.  Curiously, they’d never done a pilot study, so when they started large-scale production they found there were many animals and insects in Africa, who enjoyed these peanuts, and they only collected a few pounds from many thousands of acres planted. Anyway, I was willing to study peanut proteins because it meant I would learn two of the methods available at this time for studying polymer structure, ultracentrifugation and electrophoresis. These methods required big complicated pieces of equipment in which the movement of proteins in solution under a centrifugal or electrical field was followed with a schlieren optical system.

The first year was spent in the Department of Colloid Science in Cambridge but the Head of the Department then decided to move to take up Directorship of the Royal Institution in London and most of the department members decided to move with him, including myself. The Royal Institution has a long and distinguished history in British Science being the place where Faraday, for example made all his important and original discoveries. It has a rich scientific atmosphere including a magnificent library and is renowned over the years for its Friday evening discourses, given to a lay audience by distinguished scientists with an emphasis on scientific demonstrations. The experimental equipment of many of the previous directors is displayed in the Institution as well as plaques to denote their workplace such as the plaque in the floor of the laboratory where Faraday kept his frogs. One of the more recent visitors to the Institution was Madame Curie who left her own imprint in the form of traces of radium in the drains. This was not discovered for many years until Sir Lawrence Bragg came from Cambridge in the early 1950s to fill the Faraday Chair and restart crystallography research in the Institution. All his X-ray film was fogged up before he started his experiments and the culprit was the radium in the drains. 

TB: When did you get your PhD?

ES: I completed my PhD in 1949 and wrote a thesis describing the characterization of the major peanut proteins. All together it was an extraordinary few years where I was allowed to work essentially independently. At the end I decided this was an area of research that I would like to take further and so I applied for and received a one-year post doctoral fellowship in the Department of Chemistry at the University of Wisconsin, a world-renowned center for macromolecular research. 

TB:  This was in…

ES: This was 1949. In November my wife and I left the UK for America on what was our honeymoon. We arrived in New York with ten dollars each in our pockets, the maximum amount the British government would allow us to export.  Ten dollars, I expect, is about a hundred dollars now so it wasn’t quite as bad as it sounds.  You can do these things when you’re twenty-four!  I’ll never forget the welcome we got when we finally arrived in Madison. My major professor, Jack Williams, came to the railway station to meet us with his car and said, “Hello, Eric and Elaine.  I’m Jack and you will call me Jack”.  We couldn’t do that.  That was much too much of a transition. 

It was a terrific year working under Jack Williams who was a very distinguished professor of chemistry.  He was one of the few members of the National Academy at the University of Wisconsin.  There was also a very bright and energetic young assistant professor, Bob Alberty in the department who had come from the University of Nebraska and Bob was very much into the theory of the sedimentation and electrophoresis of proteins. I learned a lot from both of them. I worked on the separation of serum from proteins and found you could identify five groups.  One of the groups was the immunoglobulins, which were beginning to get a lot of attention. 

TB: What did you do after the year in Wisconsin?

ES:  I returned to England in the middle of December 1950, to take up a position I’d accepted before I went to America, as a scientist at the Brewing Industry Research Foundation.  There was a large amount of money in their research fund and they decided to emulate the Carlsberg Laboratories in Denmark.  The Carlsberg Laboratories had been deeded into a foundation.  All the profits from the brewery went into two research laboratories, the physiology and microbiology laboratories.  The idea was to do basic research on the biochemical and microbiological process of brewing.  The goal was not principally for brewing but to benefit mankind and they became very distinguished particularly, the physiology laboratory. They did very early work on protein structure using micro methods of analysis. So this is how the Brewing Industry Foundation in England got started.  A number of us were recruited.  I went there to characterize barley and malt proteins using the two methodologies of centrifugation and electrophoresis. 

TB: From the Brewing Industry Research Foundation you moved to the University College of  London. 

ES: I was fortunate to get a job as lecturer in biochemistry in a distinguished department of Biochemistry at the University College of London, the only department in the University of London that was then teaching biochemistry at the Master’s degree level. For me, it was an eye opener and a very good way to learn how to teach, both the experimental procedures and formal didactic lectures. We taught a course in experimental biochemistry, where we devised the experiments and then stayed with the students from nine in the morning until five in the afternoon, mentoring and tutoring them on the experimental procedures. It made teaching much easier and I learned a lesson for later; what it might be like to teach a class of several hundred medical students, the basic aspects of biochemistry and to enjoy it, rather than have it be a chore. Later on, I did get to do research. In the late 1950's, I came to know an anthropologist at the college, who was working in Africa, studying the genetics of blood groups in different populations and he would bring back samples of blood, from which we could isolate the major red cell protein, hemoglobin.  Very shortly after that, Pauling showed by electrophoresis that sickle cell hemoglobin was different from normal hemoglobin and Vernon Ingram showed that there was a single amino acid substitution, which changed normal human hemoglobin into sickle cell hemoglobin. This opened up the whole field of hemoglobin genetics, the study of a variety of different hemoglobins and how a single amino acid substitution changed the properties of proteins in such a way that it gave rise to a very definable disease.  In the case of sickle cell hemoglobin, that single change made the protein sticky, so unlike normal hemoglobin, which can change from oxygenated to deoxygenated hemoglobin with no change in solubility, deoxygenated sickle cell hemoglobin aggregates into sickle cell shapes that have great difficulty going around in the circulation, causing the concurrent symptoms of the disease.  This was the start of biochemical genetics in terms of protein structure. My colleague was a brilliant hematologist, Ernie Huehns, in the Hospital at University College. He was able to collect from the various immigrant populations in London different hemoglobins that we could classify and characterize. We were responsible for discovering hemoglobin G and for characterizing an α-chain variant. We also, with A.B. Raper, proved that two genes one for the α-chains and one for the β-chains controlled the synthesis of hemoglobin. Then, towards the end of the 1950s, I thought I should learn something about this upcoming subject of DNA and went on a sabbatical to join Buzz Baldwin in the Department of Biochemistry at Stanford University. 

TB: So we are now at the end of the 1950s. 

ES: The medical school had just moved from San Francisco and built a new hospital. It provided the opportunity to bring together a new cadre of incredible chairmen in the basic and clinical sciences; David Hamburg, for example, who was appointed Chair of Psychiatry, was one of the first biological psychiatrists in the early 1960s.  Norman Kretchmer was Chair of Pediatrics and, Henry Kaplan, Chair of Radiology on the basic science side, Avram Goldstein in Pharmacology, Joshua Lederberg in Genetics and Arthur Kornberg in Biochemistry. The whole place was humming with intellectual vigor and I could not have chosen a better place to visit.  

By studying the melting behavior of a hybrid DNA molecule in which one strand was labeled with bromine, Buzz Baldwin and I were able to show that the replicating unit of DNA is the single strand. Although this result seemed obvious from the structure of the Watson-Crick helix it had not been formally proven.

TB: What did you do after your sabbatical at Stanford?  

ES: I went back to England but only for two years, because I had agreed with Joshua Lederberg that I would join his Department of Genetics and start research in the new field of neurobiology. Joshua, in listening to one of my seminars on hemoglobin I gave at Stanford, said this is a way in which one could begin a study of the brain.  You could do the same sort of analysis you did with hemoglobin, just extract the proteins from the brain, separate them by electrophoresis, look for one whose charge is changed, and come up with mutations of brain proteins. This would give you an entry into studying some of the obvious diseases of the brain, like mental retardation on the one hand, and, perhaps, getting to understand how information is stored in the brain. This seemed a very good idea and this was the basis on which I was hired. This is what I came back to do. In 1962, while I was still there on sabbatical, Josh wrote a short grant to NIH, in which he proposed a study to look for these proteins; it was readily accepted.  He had a technician start to do something with it so, when I came back in 1964, I inherited this grant which is now in its’ fortieth year. I’ve been very lucky to have the support of NIH for that length of time. So we started to isolate brain proteins by electrophoresis and see what we could find.  It became clear, fairly soon, that the important proteins in brain were not readily soluble in aqueous solutions.  What you could extract were the so called housekeeping enzymes and proteins, but really interesting proteins, which were involved in electrical transmission down the axons and passing the signal by chemical means from one cell membrane to the other, were membrane bound and could only be extracted with detergents. 

The separation of these proteins was relatively crude and there was no way we were going to see subtle changes.  By the time we were discovering you could separate proteins by electrophoresis using and ionic detergent a scientist called Davis discovered the fact that separation was based on size. This detergent, being highly charged, bound in multiple numbers to the proteins so the separation was on the basis of size, rather than charge.   

Josh had also suggested that I look at the work of Rita Levi-Montalcini on nerve growth factor (NGF), the name given to the factor that she had discovered that promoted the survival of embryonic sensory and sympathetic neurons. With the help of Stanley Cohen she showed that the NGF activity was associated with a protein isolated from the mouse submaxillary gland but the nature of this protein was unclear. Silvio Varon who had worked with Rita joined me at Stanford in 1964 and together with Junichi Nomura embarked on the purification of the NGF protein. It took almost three years to complete the project, partly because the purification was followed by Levi-Montalcini’s sensitive but time consuming biological activity assay and partly because of the need to adapt one of the newer protein screening techniques, acrylamide gel electrophoresis. We finished up isolating an NGF complex, 7S NGF, from the mouse submaxillary gland. The complex contains the basic NGF protein together with a proteolytic enzyme and an inactive enzyme and two zinc ions, which give the complex significant stability. The NGF protein itself is readily released from the complex and, as Levi-Montalcini originally found is exquisitely active at very low concentrations. NGF was found in relatively few locations. It is present in the targets of sympathetic and sensory neurons and is retrogradely transported to the neurons sustaining them at critical periods of development. Later it was found in the hippocampus and as a consequence NGF became a factor of great interest to scientists studying memory and learning.  

TB: Where did the NGF research lead to next?

ES: We concentrated on the NGF receptors that mediate the effects of NGF and the signaling pathways activated through these interactions. Binding studies identified two NGF receptors on the sensory neurons. We, in particular Monte Radeke and Tom Misko cloned the first one, a relatively simple single transmembrane receptor, now known as the first member of the TNF family of receptors. It goes by the name p75NTR to indicate its size and its ability to bind all the known neurotrophins. Susan Meakin subsequently showed that the second NGF receptor had tyrosine kinase activity and from its size and location was probably the Trk receptor, a supposition rapidly confirmed by two other groups. A great deal is now known about the way in which the two receptors interact to modify NGF binding. 

We identified, with Hans Thoenen’s group, the role that NGF and its receptors play in peripheral nerve regeneration and broadened this inquiry to seek other proteins that might be involved in nerve regeneration. We used radio labeling of sciatic nerve proteins and two-dimensional gel electrophoresis to characterize proteins whose rates of synthesis were either markedly reduced or increased after peripheral nerve injury. One protein immediately stood out for its decreased synthesis after nerve injury and its recovery during regeneration. Cloning confirmed that it was a new peripheral myelin protein whose peptide chain spanned the myelin membrane four times. It was given the name peripheral myelin protein 22 to indicate its location and size. On exploring the structure of pmp22 in mouse models of peripheral myelin instability, harkening back to my days with the genetics of hemoglobin, Ueli Suter identified two separate amino acid substitutions in pmp22 in Trembler and Trembler-J mice. Since these two mice are models for one of the major diseases of the peripheral nervous system namely peripheral neuropathy (CMT1a) where the myelin sheath disintegrates in late stages of the disease it strongly suggests that changes in pmp22 cause the disease in humans. This was confirmed in a collaboration with Jim Lupski at Baylor College but not quite as we anticipated. Jim and his colleagues had just identified the genetic defect in human CMT1a, not as a mutation but as a duplication of a short segment of a particular DNA sequence in one chromosome. I should add that this brilliant discovery was to have a far-reaching impact on human genetics. This sequence contained the normal pmp22 gene indicating that the duplication of this gene was responsible for the human disease, the first gene to be so implicated. Although mutations in human pmp22 have also been found in CMT1a, Lupski and his colleagues have shown that the duplication of the gene is the most common mechanism behind the disease. These findings clearly open up new ways to explore therapies for the de-myelinating diseases and as anticipated further genes involved in this class of diseases are being identified. 


One of the most extraordinary events of my life was to learn a few years after the identification of the pmp22 gene that my own daughter had a peripheral neuropathy. It was diagnosed when she was in her late thirties. Since neither my wife nor I are affected, her disease results from an as yet unknown spontaneous event to her. 


In my laboratory further progress came when Jonah Chan, a post doctoral fellow, made the unexpected but highly important observation that BDNF, the second neurotrophin to be identified, enhanced myelin formation in co-cultures of Schwann cells and sensory neurons. The extension of this approach to see if other neurotrophins are regulators of myelin formation seems likely to produce candidates for therapeutic consideration in the demyelinating diseases. It is extremely satisfying for me to see the two major areas of my decades-long research program come together. 

TB: I see.

ES: After many happy and stimulating years in the Departments of Genetics and of Biochemistry I became the first chair of Neurobiology in the Medical School. Let me give you a little bit of the history behind this. Joshua Lederberg, Donald Kennedy, Avram Goldstein, David Hamburg, and others initiated an inter-departmental PhD program in Neuro-and Biobehavioral Sciences in the early 1960’s. Its initial progress was somewhat hampered by concerns at the University level that such a program might be so attractive that it would lower applications to the MD Program. As a consequence advertising the program was limited. Such a concern did not materialize and both programs prospered. With the natural demise of the classical Physiology and Anatomy Departments at Stanford the opportunity came to create new Departments. The Department of Neurobiology was formed in 1975 and we moved into a new building in 1977. The initial members were John Nichols and Denis Baylor from Harvard’s noted Neurobiology department who had joined the Physiology Department at Stanford two years earlier in anticipation of the expansion of Neurobiology, Jack McMahan also from Harvard Neurobiology, and myself. We took over the Neuroscience teaching for medical students and became a focal point for the PhD program including adding more specialized graduate courses. With the three faculty named above, and other Neuroscience-oriented faculty from the Medical School and University the course soon became highly rated. The department expanded with the recruitment of Carla Shatz, Eric Knudsen, Richard Aldridge, and Bill Newsome and reached an enviable level of distinction in both teaching and research. With increased stellar representation of neuroscience in other departments in the Medical School and University, Stanford is well poised for great success in this field. 

TB: Are there any other areas of significant interest you want to tell us about?

ES: Yes, my involvement in biotechnology. In the late 1980’s I heard a most stimulating lecture by a young neurologist Dr. Len Schleifer from Cornell Medical School on the potential application of the neurotrophins, all four had by then been discovered as well as others such as CNTF, to diseases of the nervous system. Sometime later he contacted me to see if I would be interested in joining him to start a biotechnology company focusing on the potential of neurotrophins to maintain neuronal survival. I agreed, as did Dr. Al Gilman, Len’s mentor in his MD, PhD program. We put together an impressive Scientific Advisory Board while Len, realizing he had hidden talents in fundraising, became the CEO, set up laboratories on the old Union Carbide Campus in Tarrytown, NY. The first scientist hired was George Yancopoulos recently graduated MD, PhD from Columbia and soon after Ron Lindsay from the MRC in London. The first disease tackled was the motor neuron disease ALS using CNTF because it would be easy to deliver it to the appropriate muscles for its uptake and retrograde transport to the motor neuron. Experiments in culture amply confirmed CNTF’s role as a survival factor as did treatment of mouse models of motor neuron disease. However, CNTF failed completely in human trials. What CNTF did was to make the patients loose weight. The explanation came later. CNTF receptor is homologous to the leptin receptor whose natural ligand leptin is a regulator of appetite. Whether CNTF is a drug for obesity remains to be seen. 


A second attempt in a clinical trial using BDNF also failed even though markers showed that the patients received a biologically effective dose of BDNF. At the present it is not possible to try the combination of CNTF and BDNF that also prevents motor neuron disease in mouse models because of the FDA requirement that the components have to be effective and safe  when administered singly before they can be used in combination. These examples show how difficult it is to develop a new drug. 

TB: How would you summarize your career?

ES: It has stretched over 50 years of research and teaching mainly at two institutions, University College London and Stanford. At both institutions I have been privileged to work with a series of bright undergraduate and graduate students, postdoctoral fellows and sabbatical visitors. I have learned much from them and gained great satisfaction from their subsequent successes. Each institution has provided a wealth of distinguished colleagues and I cherish the friendships that have formed over the years. Thanks to the flexibility of research funding, particularly from NIH I have been able to follow projects with unforeseen but highly profitable directions. My elder granddaughter when asked in high school what she would like to be replied, “a neurobiologist”. When asked to explain she answered: “My Grandfather is a neurobiologist and he enjoys his work very much”. That just about sums it up.

TB: Where would you like to see things nove in your area of research?

ES: Very much along the lines on which science has developed in this country. The NIH support of research, both intramurally and extramurally, is excellent and the recent doubling of the appropriations by Congress speaks volumes to the high regard NIH has held in Congress. It is indeed one of their major successes. 

TB: I think this would be the right note to conclude this interview.  Thank you very much for sharing all this information with us.

ES: It was my pleasure.

TB: Thank you.

( Eric Shooter was born in Mansfield, England in 1924.





