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00:00:00 Start of Interview

SS: 	This is Silke Schmidt (SS) with the oral history project at the University of Wisconsin-Madison. Today is November 10, 2016, and this interview is with Professor Bill Sugden (BS) of the McArdle Lab for Cancer Research, which is housed in the Wisconsin Institutes for Medical Research near the UW Hospital and Clinics. 

00:00:26 

SS: 	Why don't we start with a little bit of your own history. Can you tell me when you were born, where you grew up and what your parents did for a living?

BS: 	I was born in New York City in 1945. My parents...My father was an electrical engineer and at the time I was born, he was working in the Manhattan Project. My mother, probably at that time, was not employed. She had worked at Macy's...actually, teaching people how to use cash registers. Eventually, she was a professor at a university on Long Island. But she also went back to school after [I was born]. She became a professor when I was in 6th grade, in business administration. 

00:01:12

SS: 	So your dad was an electrical engineer?

BS: 	Yes, he was an electrical engineer, but for the Manhattan Project, he designed some of the electrical...The Manhattan Project is what made the nuclear bomb. He designed things like the electrical power system in Oak Ridge, which is where they separated U-235 and U-238. But eventually, he worked for a power company, the Long Island Lighting company, just generating electricity that we all used. 

SS: 	Do you have any siblings?

BS: 	I have a brother who is 3.5 years older than I and a lawyer who was in a large law firm in New York City and is now retired in the Caribbean. A different world. 

SS: 	Did you know at a fairly early age that you wanted to become a scientist?

BS: 	Yes, and I can't say why or how, but from very early on, I wanted to do what I thought was biochemistry. Eventually, I was in chemistry, not biochemistry. And then, for a very peculiar set of circumstances, I ended up in cancer research. I actually knew very early on that I wanted to do cancer research, though I didn't know what cancer was. That may sound strange. Well, cancer was something that people were afraid of. So when I was a youngster, if you died of cancer, you didn't. You died of a long disease. People would not use the word 'cancer' to describe one's death. It was viewed as being somehow unclean, so people just wouldn't talk about it. Maybe they were just scared. But from the time I realized what it is, I wanted to try to work on it. 

00:02:53 

SS: 	Were there any childhood memories that, in retrospect, seemed to have led you toward this career? 

BS: 	No, but science, yes. Certainly, I grew up in a family where rigorous thought was required. Rigorous speech was required. So that fits in, at least, with an academic setting, if not with the scientific setting. I don't know what drew me to science, other than perhaps something about the way my father described his profession, but I don't really know. In school, I enjoyed it [science], so that was something that drove me to learn more, or lean toward science. 

SS: 	School being high school or earlier than that? 

BS: 	High school in particular. I had a really charismatic teacher, both in biology and in English. So I either wanted to be in English literature or in biology. And eventually, I ended up in biology, but I read a lot, still do. So my love of English literature has...it's a treasure, I still love it. 

00:04:07 

SS: 	Was it more biology in high school or chemistry or everything science?

BS: 	It was everything. It was a function of the teachers. I think that often is the case. I can say it's the quality of teaching, but it may almost be the charismatic nature of the faculty that drew me to them. That was true in English literature; that was true in biology; it was true in chemistry. In university, I majored in chemistry. And I had thought that what I would do was chemistry, but trying to focus on what's chemical carcinogenesis, so the mechanism that underlies how chemicals that are in the environment are themselves carcinogenic...which is something that people in this department really pioneered. And that's one of the things that brought me to this department, actually. Even though, by that time, I was a biologist. 

00:05:03 

SS:	Where did you go to college and what did you major in?

BS: 	I majored in physical organic chemistry at Harvard. I was an undergrad there. And then, as a graduate student in chemistry, I went to Columbia in New York City. But I am of the vintage of the Vietnam War, and so I was allowed to be there for one year and then was told, along with all other males, that we would be drafted and sent to Vietnam. And that was something I was not willing to do and I did not do it. I ended up working at the University of Chicago in the School for Autistic Children. That was what I hoped would be an alternative service. In the end, they didn't really allow that to be an alternative service. I eventually worked as a technician and quasi-graduate student at a lab on Long Island called Cold Spring Harbor, and then I was allowed to use that as an alternative service. That was all made possible by somebody whose name was Jim Watson and who was extraordinarily helpful to me. He ran the lab [Cold Spring Harbor]. 

SS: Can you clarify the timing? When did you start college?

BS: I began in 1963 and graduated in 1967. I went to the orthogenic school at the University of Chicago in 1968, and in 1969 I became a technician at Cold Spring Harbor. Then, probably in 1972, I was allowed to enroll at Columbia. At that time, there was a magic age of being 26. If you were 26, you no longer would be drafted. So I enrolled at Columbia and got a degree in 1973. I got my PhD in 1973 and I went to Sweden after that. 

00:06:58

SS: 	You went to Sweden after that. So when you started at Columbia, you already had a pretty clear idea of your career path? 

BS: 	I knew I wanted to do cancer research. Where or how, I did not know. Or even...Cancer research covers a multitude of things, so which ones I would focus on, I did not know. But by working at Cold Spring Harbor, I learned about virology. So in the end, I recognized that my training was in virology [and wondered if I could] work on a virus that could cause cancer in us. In 1972/1973, none was known. But Epstein-Barr virus smelled as if it would likely be a cause of cancer in people. So I went to Sweden [Karolinska Institute]. Few labs worked on it then, but there was one in Stockholm, so I went to Stockholm to learn about it, with the notion that it was likely to be a tumor virus in people. And it is. Then I came here in 1975 and have worked on it ever since. 

SS: 	So it was two years in Sweden?

BS: 	Yes. 

SS: 	Did you speak any Swedish, or did you learn it while you were there?

BS: 	Are you Swedish by any chance?

SS: 	No, I'm German.

BS: 	Just because I hear a faint accent. My wife is German. I began to learn Swedish, but it turned out, the head of the lab was approachable in the evening. The lab was 105 people, one lab. And so to learn anything from him directly, I had to find out where and when he was alone. That turned out to be in front of the microscope at about 8 o'clock at night, and that's when my Swedish lessons were, and so I stopped taking Swedish and started going to speak to the guy who ran the lab so I could learn from him. So no, I learned no Swedish. And their English was, and remains, better than mine today. People in Sweden speak beautiful English, it's very impressive. 

00:09:00 

SS: 	So you didn't have to learn Swedish in order to get along?

BS: 	No. At this time, most of the people in the lab were from all over the world, so English was the only common language, it wasn't Swedish. So there were many people from behind the so-called Iron Curtain, from Hungary, Bulgaria, Russia. People from South America, from Europe, some people from the States, and English was what we all spoke. So it wasn't a problem at all. 

SS: 	So you sought out that lab specifically because of what they were doing?

BS: 	I wanted to learn about Epstein-Barr virus and there were perhaps...of that size, it was the most prominent lab working on that virus in the world, at that time, that's why I went there. It was prominent not necessarily because of the quality of the science, but because of the head of the lab's participation in many different projects. For example, he had gotten the Swedish government to fund a hospital in Nairobi. Many of the surgeons in that hospital were Swedish. They would send biopsies, tumor samples, once a week to this lab. So the reagents that they had that allowed you to work on the virus and the tumors caused by that virus were enormous. So it was a great place to learn. It was great to live in a different country, too. 

00:10:27 

SS:	But you always knew that you wanted to come back to the States?

BS: 	No, I didn't. When I went there, I actually had a job in England. And my expectation was that I would return to England and stay there for the rest of my life. But part of my attraction for going to England was that I had what I thought was a significant other who I wanted some day to marry. And she and I thought that was great and she was going to go to England. In the end, she didn't; in the end, she found someone else to marry and I didn't go to England. So I turned down that job. There was another reason. The person with whom I would have worked was my mentor at Cold Spring Harbor; not Jim Watson, it was a guy named Joe Sambrook, a very charismatic, very fine scientist. I looked forward to working with him. And then he turned down the job, so I said, well, I'll turn down mine too. And then I went looking for jobs here, in this country. 

SS: 	You came here [McArdle Lab] in 1975?
	
BS: 	Yes. 

SS:	 Did you have a choice of jobs? What made you decide to come here?

00:11:31 

BS: 	I applied for jobs over Thanksgiving of 1974. And I gave job talks at Harvard, at MIT, at Cornell, Princeton, Rochester University and the University of Wisconsin. And I actually had job offers from all of them. 

SS: 	Wow! You must have given some job talk!

BS: 	Well, no, I think it was...at that time, people were beginning better to appreciate the possibility that viruses might contribute to human cancers. So they were interested in having someone work on that subject. I think it was probably less me and more what I worked on. But, I wanted to do cancer research. And of all those places, Harvard and MIT included, this department, in my mind, stood out as having a group of faculty who were dedicated to cancer research and that's what I wanted to do, so I came here.

SS: 	So the McArdle Lab was already in existence?

BS: 	Oh yes. McArdle is the oldest academic department devoted to cancer research in the country. 

SS: 	When did it start?

BS: 	In the 1940s. I don't know exactly when they say it began, but there were a group of faculty, all of whom were here when I came, who were really making quite dramatic contributions to understanding, at one level, how chemicals cause cancer and what's common among the chemicals that do; most don't, but what's shared by those that do. And then Howard [Temin] was instrumental in, I think, driving an appreciation that viruses also cause cancer in people and in animals. He worked in animals. But definitely, they can cause cancer too.

00:13:39 

BS: 	The viruses represent the introduction of new genes into a cell and those genes themselves promote the cancer. But understanding how those genes act would give us a much better understanding of what the chemical carcinogens were doing, because they are mutating the same sets of genes, roughly speaking. So this department—this had nothing to do with me—had made great contributions to understanding cancer. 

SS:	 How big was it [McArdle Lab] when you came?

BS:	 When I came, I think there were 14 or 15 faculty, something like that.

SS: 	And then they all had their postdocs and students and technicians working with them?

BS: 	Yes. But most of the research...as with, I think, many departments, even today, more work is done by graduate students in departments than postdocs. Most postdocs you'll find on the East and West coast. Much of the research here is driven by graduate students and faculty. That was certainly the case back then too. 

SS: 	So what was the total number people who were in the lab daily?

BS: 	Probably 120 back then, yes. More so back then, than now, there were shared services that were run not so often by faculty, but by staff. They were instrumental for everything from histology to the stock room to...there was one person in particular who would monitor acetylation counters. There were people who would fix equipment. So they were all part of the department, and that made the department quite communal. It was really a lovely place to learn and to work. 

00:15:36 

BS: 	I think there were also people involved in guiding the teaching of the graduate students who were instrumental in what was happening. So there were a lot of staff, in addition to faculty, students, postdocs and technicians. 

SS: 	Now I have to backtrack a little bit. Who was your main PhD advisor?

BS: 	Nominally Jim Watson, but in reality Joe Sambrook. 

SS: 	Can you summarize your dissertation research in a few sentences?

BS: 	Sure. When I came to Cold Spring Harbor, it had been learned that the way bacteria synthesize messenger RNA (mRNA) is through an enzyme. That enzyme could be modified by adding different proteins to it, so it would then synthesize different messengers. Shortly after I met Jim, he said, what you have to work on is this tumor virus called simian virus 40 (SV40) because I know how it causes tumors. It encodes a protein that modifies transcription in mammalian cells. So you just have to go purify the enzyme in the mammalian cells, like human cells or monkey cells, in this case. I worked on human cells. Purify that enzyme and show that this virus alters its function. 

00:17:17 

BS: 	He was completely wrong, but those enzymes hadn't been purified and I set out to purify them, and I did. I always wear a sweater because I grew up then in a cold room, purifying proteins in the cold room. And I also worked a lot with this tumor virus called SV40. So I learned much about how it transcribed, how it synthesizes RNA...no, how RNA is synthesized from it, excuse me...and how the enzymes that I purified mediate that synthesis. That's my PhD thesis. 

SS: 	So was your job talk about this topic or your work at the Karolinska Institute?

BS: 	It was about my work at the Karolinska, with the Epstein-Barr virus. 

SS: 	When you came here, was Harold Rusch the director of the McArdle lab?

BS: 	He had made the transition immediately prior to my coming here, so Henry Pitot was chair and Harold was working toward setting up both Human Oncology and what would become the Comprehensive Cancer Center. He [Harold] was in the building, he interviewed me, but he was not the chair of the department when I was hired.

00:18:39 

SS: 	Let's transition to talking about Howard Temin, who came here in 1960. When did you first hear about him and do you recall the first time you met him in person? 
BS: I met him at Cold Spring Harbor. He taught a course, along with Bill Dove, who was also a faculty member in McArdle...he's right next door to me still, he's an emeritus faculty member. Bill taught one course, Howard taught a course on animal virology, with...I think he was at NYU then...Tom Benjamin, who is now at Harvard. Because I had no education in biology and I was formally a technician, the only way I could learn was to read and take the courses that they offered in the summer. So I went to all these courses in the summer, including Howard's and Tom Benjamin's. So I met him [Howard] there, and I also recall, at the end of that course, Joe had a dinner and Howard came to that dinner. At the end of that dinner, Joe said something to the effect of "He's going to win the Nobel prize." I was quite impressed. And he did. 

SS: 	So this would have been which year?

BS: 	I'll have to guess. I think it was either 1970 or 1971. 

SS: 	He won the Nobel in 1975. So at that time, there were already some people predicting it.

BS: 	Yes, Joe did. I couldn't have. 

SS: 	Did Howard's affiliation with McArdle influence your decision to come here?

BS: 	Oh yes. It wasn't primarily because of his scientific contributions, which I could not have appreciated then, very well, but because of his dedication and the Millers' and other people's in this department, who wanted to do cancer research. It wasn't much of a popular academic subject. It is today, but it wasn't then. These people were obviously really competent, really wanted to do that, and that's what I wanted to do, which made it very attractive. 

00:20:54 

SS: 	When do you think that changed, when did cancer research become more mainstream?

BS: 	When they put money into it. Nixon's War on Cancer was 1972. That money, gradually, came into all of the biological sciences. It certainly brought people to work on that subject throughout the 1970s. And then, sometime in the 1980s, the recognition...this lab had a lot to do with it...that what we now call acquired immune deficiency syndrome was caused by a virus. People working on that virus brought huge amounts of money into that particular kind of biological research. Money attracts work, definitely. 

SS: 	When you came here in 1975, who was your early mentor?

BS: 	There were none. I was on my own. The only thing you had to do, in the end, was to get federal support for funding. I wrote a grant before I came here. When I came here, I knew little about the machinations of getting money from the federal government. When I hadn't heard about my grant, I called up people at the NIH and asked if there was any chance I was going to get funded, and they said, "Oh, you did very well, but we're not going to fund any new grants..." because Ford had not signed the bill that would allow them to fund, and so nothing was funded for a year. 

00:22:41 

BS: 	But I inherited equipment and it really didn't slow me down substantially, thanks to the people in McArdle. They were very supportive. 

SS: 	I looked at the biography you wrote about Howard Temin. You mentioned that you had lunch with him every Tuesday for 20-some years. Did that start right away and who else was part of that?

BS:	 It began within 1-2 weeks of my coming. He invited me. Two other faculty from biochemistry, Paul Kaesberg, who also was a virologist, and Roland Rueckert and Howard and I went to lunch for 20-some years. 

SS: 	Was it right before a seminar that a larger number of people would attend?

BS: 	I think in those days, the seminar would begin at something like 12:10pm. We would go to lunch at 11:15am. We would go to the Union South and eat rapidly and then we would all attend this seminar. It was a graduate student seminar. It was actually a superb learning experience for everyone. It worked so well because of his personality. He was pretty powerful. Not only, by that time, was he well known and well respected, but he had a strong personality. He insisted that, if you were going to be a faculty member teaching students to do virology, you darn well better come. And if the faculty members came, then the students came. 

00:24:09 

BS: 	And it's true, they did. All students who were in virology had to give a lecture every year. It was usually on their own research, but it was a time for them to learn to speak clearly, formally. We still have this seminar today. 

SS:	 Did the lunch group stay small with just the four of you?

BS: 	Yes, just the four of us. 

SS: 	You also wrote that he received the Nobel pretty soon after you had arrived...

BS: 	Yes, I came in August and he was notified probably in November. I think the awards are given out such that it spans Santa Lucia day, which is in early December, something like that. For me, one of the facets that I remember is that he was teaching. I wasn't teaching at the time. He asked me if I would lecture in his absence and I said, sure. He did not trust me to give the lectures well enough, so he insisted that I give each of these lectures to him in this rather large lecture hall alone. You can imagine it was ever so slightly intimidating [laughing], but I did. 

00:25:40 

SS: 	And you hadn't really been teaching before?

BS: 	When I was in chemistry at Harvard, I actually helped during the summer school. I taught organic chemistry, as a T.A., but I still had to teach. And then as a graduate student in chemistry for that one year, I actually T.A.'d in organic chemistry also. So I had done some [teaching], but not formal lecturing, no. This was really one of the first times. 

SS: 	So it was intimidating, but you did pass the test?

BS: 	[Laughing] Yea. I'm sure he wasn't going to NOT go to Sweden had I not...but yes, I think he found it acceptable. 

SS:	How long was he gone?

BS:	Probably 10 days, something like that. And Rayla, his wife, and his two children went too. That was 1975 and they all came to our wedding in 1976. We got to know the family quite well. They came to every Christmas as long as Howard was alive and Rayla has come to many dinners subsequently, so they've been family friends. 

00:26:53 

SS: 	Do you still teach that class today?

BS:	No. I think I've taught something like 17 or 18 different courses in this university, in different departments to many different students. But I teach a completely different course that I began seven years ago because I perceived a real need. There was a gap in teaching for students in cancer biology, so I teach that now. But that course [which Howard taught] is still taught and Paul Ahlquist teaches it; Rob Kalejta teaches it, Nate Sherer teaches it now. But I taught it for many many years. Not when Howard came back, but I probably began teaching it in 1980 and then maybe for 10 or 15 years, I'm not sure. 

SS: 	Did Howard continue to teach it after the Nobel?
	
BS: 	He taught it up until 4 or 5 weeks before he died. 

SS: 	Did Howard typically bike or walk to work? I know the Lakeshore Path is named after him. 

BS: 	Yes. They used to live on that side of town and he would bicycle in, and when they moved to Shorewood, he would bicycle in or walk. 

SS: 	Even during the winter months?

BS: 	Yes, always. 

00:28:15 

SS: 	You also wrote in the biography that Howard wrote 23 single-authored papers during his first 7 years at McArdle, so he didn't really accept any students during that time. But from 1970 on, almost all of his papers had co-authors. Can you talk about his general approach to research, teaching and mentoring? It sounds like he was given a great deal of freedom to work independently, entirely on his own, when he started here.

BS: 	Yes, definitely. I don't know if he taught any courses early on. But to be fair, everybody is given that kind of freedom here. Nowadays, you're encouraged to teach because that's part of tenure decisions; it probably wasn't back then. I don't even know if that was part of my tenure [decision]. I mean, I taught a lot. Now, it's certainly a part of being tenured. I think his approach to science was that he did a great deal by himself early on. He loved science. The lunch I went to was one of several that he had organized, always with colleagues, and they talked about science. We talked about science. We talked about everything, but it was either science or campus politics or national politics, usually. So he loved science. 

00:29:52

BS: 	I think he was extremely creative in his thinking about what he observed. Part of his strength in science was to be so involved in what he was doing to be able to see some of the biological responses that other people had probably overlooked. But he was also very directed. Before he came here, he had developed an assay that allowed him to monitor an in vitro correlate of tumor formation in cell culture. It was a correlate. It was a change that he showed could be hereditary, mediated by a virus in cells. That change IS related to the kind of changes that take place in vivo when viruses cause cancer. As a teacher, he was very organized. He would speak to every student once a week. It became known as the “confession session” among his students because they had to go and talk about what they had done and what they intended to do and they had to be somewhat clear in their thinking. And that's the way he helped teach them, quite impressively. It was also true in things like staff meetings. We had a staff meeting, in those days, for 2 hours every Friday. Each of us had to get up and describe our science once a year and also all the business we would deal with too. 

00:31:20 

BS: 	He was not alone, but he was one of a few faculty members who really asked insightful questions, so you had to think. That, for me, was a privilege of being here as a colleague, that he was such a clear thinker and completely willing to ask questions. They were never ad hominem, but they were clearly focused on the science. If you didn't answer, there was something wrong. So that was part of his teaching us all. He also was...particularly after he had won the prize and had a lot of power, but also recognition...he used that recognition to do what he thought would help the world. So he was very much involved in trying to stop people's smoking. He did a lot toward that end. I'd say he was dramatic...I don't know if dramatic is the right word. He stood out among people I know as someone who became well known for his science and used that science to try to better the world in the way he thought he could. That was very impressive.

00:32:40 

SS:	Do you remember any details about how and when he was notified by the Nobel committee? 

BS: 	I think it pretty much always happens this way, it's by phone. And he received a phone call...Rayla would remember this better, but either he or she has told me this...early in the morning. They recognized that their lives were going to be changed dramatically because there is a lot of public notoriety that goes with that. So sometime shortly before going to Sweden, he learned by phone. And I can remember when he came in and told people about it. [Laughing] This is something else that's typical of this department. 

SS: 	So you remember when he came in and told his colleagues?

BS: 	Sure. It was November of 1975, something like that. The department organized a celebration, immediately that afternoon or the next afternoon, that much I don't remember. But what I do remember...only this department could do it...they got champagne and they bought it from some place in Ohio. And Ohio is not renowned for its vintage champagne! How they could find it, I don't know, but anyway, we had Ohio champagne, but it was really quite a marvelous celebration. 

00:34:11 

BS: 	And I can remember him getting up and also thanking the people in the department, thanking the people of the country. I may be conflating some of his talks, but I think it was very early on, thanking the people of this country for providing the tax dollars that allowed him to do what he did. Very impressive. Of course, he's right, but not so many people would think to say that, but he did. 

SS: 	What other reactions do you remember? Was it just a week flooded with phone calls and people stopping by?

BS:	 Oh sure, all of that. People who would know him would stop by, congratulating, but somehow people who really didn't know him wanting to also be associated now with his fame. All of that would happen. He didn't change much at all. He did not allow it to affect the lives of his family or himself in a very dramatic way. In that sense, he was an extraordinarily disciplined person too. And he wanted to protect his family. 

SS: 	Do you remember the Chancellor at the time or other administrators?

BS: 	I remember the Chancellor being there for one of those early talks, but I can't even remember who it was, I'm sorry. 

SS: 	What was the press attention like in those days? Mostly phone calls?

BS: 	Oh yes, and cameras. They came in and took photographs of him looking at a microscope that morning, I think. Yes, they were all over the place. But still, probably much more subdued than today because newspapers were far more influential than they are today. Television less so. We didn't have a TV, so I don't know, but I imagine that was there too, but probably much less influential than today. 

00:36:14 

SS: 	Is the press notified at about the same time as the Nobel laureate?

BS:	I'm rather sure that it would be very soon thereafter. But I know that the person who is the Nobel laureate is notified before anybody else and it's up to that person, eventually, to let other people know, at least for some period of time. I don't know what that interval is. The Nobel committee lets people know across the world rather rapidly, I'm sure too. The person who was my postdoctoral advisor was part of that committee when I was there, so we heard all this gossip after the fact. 

SS: 	Do you think it was a surprise to him? The big Nature papers came out in 1970, so it was about 5 years later. 

BS: 	I'm sure he wasn't...that discovery was so generally appreciated, I'm sure he wasn't so surprised. But I'm equally sure that he would have been a little bit dismayed as he realized how it was going to change his life. Because it does. It puts many more demands on him, in a public sense, than he had before that moment. So I'm sure he had to adapt. And he did. 

00:38:00 

SS:	 Was his wife working at this time? And they had two children. Were they pretty young?
	
BS: 	Rayla was in genetics. They met when she was a postdoc in genetics and he was a beginning faculty member here. She had an appointment as a research faculty member in genetics. She works in population genetics, in Drosophila. They had two children, Miriam and...I think Sarah at that time was called Sarah Beth, but it's now Sarah. Sarah is the older and I'm trying to think what they were like at our wedding, which was the next year. She was probably either 9 or 10 and Miriam probably 6 or 7. They wore the same dresses to our wedding that they wore to the Swedish something-or-other celebration. 

00:39:17 

SS: 	Did the reporters approach them too?

BS: 	I'm pretty sure they would have approached Rayla and she would have stopped them from approaching the kids. They were quite young. But they did get to travel to Sweden, definitely. But on the other hand, they were kids. They would be both excited and like, yea, you know, this is what you do. They would have known that it was special, they would have enjoyed the fact that it was special, but it's what one does when one has these parents. 

SS: 	It would have been interesting to hear how they reported it at their school.

BS: 	Yes, for sure!

SS:	 How long did the craziness last? Did he ever have to put his work to rest?

BS: He would not have done that. I think he would have allowed it to alter his daily routine very little for a very short time. But it altered everything he did at another level because he became a person who was sought out by NIH. So his opinions, all of a sudden, had much more weight than they would have otherwise. And that led him, then, to be on many more national committees. His own research was more prominent because of that association.

00:41:04

BS:	So did his life change dramatically? Yes! Did it do that by changing his daily routine? No. That's two different things.

SS:	He had a brother, at MIT?

BS: 	Yes, he was an economist. 

SS:	Did it affect him?

BS: 	I don't know that. But I would imagine only in a secondary way, just him being proud of it. But more than that, I don't know. 

SS: 	Do you want to take a stab at describing, briefly, the finding for which he was awarded the Nobel? Was it the work described in his two Nature papers from 1970, one with a graduate student, one with a postdoc?

BS: 	Sure, I can try and describe it. But let me say it was more than that. So I mentioned earlier that he developed an assay that allowed him to see that this virus, upon infecting the cells, altered their behavior in cell culture. 

SS: 	This was RSV (Rous Sarcoma Virus)?

BS: 	Yes, RSV, exactly. Something that's important to know is that RSV is a really odd virus, but it can cause tumors in newborn chicks in about 10-15 days. And he chose to work on that...I think this is true...because he appreciated that this was an incredibly rapid biological change. So if it's rapid, in some sense it's efficient; if it's efficient, you can dissect it. I think that was the logic behind his working. He realized that the change in those cells in culture was inherited. At the time he began doing this work, it was also learned for sure that RSV has as its genetic material RNA. RNA is not inherited, DNA is inherited. And that's a contrast, or a contradiction.

00:43:04 

BS: 	So how could that be? And it's that understanding that led him to do many of the experiments that were done throughout the 1960s. And it's only at the end of the 1960s, 1968 or 1969, 1970, that he asked the question, could it be that the virus particle itself has the machinery that will convert, or copy, RNA to DNA? And it does. I think the driving force for that was that it was realized that several viruses have similar, not exactly the same, but somewhat similar machinery that allows them to, for example, copy messenger RNA from DNA, or RNA from RNA, and that it's inside a virus particle. And that had been discovered in probably 1967 or 1968. And that formed the foundation for, I think, the ability to ask, could it be that the RSV particle has this machinery in it? And then he and Satoshi set out to ask and answer that question. The Nobel Prize often is described as having been given for the discovery of that enzyme, reverse transcriptase, that machinery, but in fact it's the decade of work that led up to it that made that reasonable. Without that decade of work, so what? I think that's something that isn't appreciated, except by folks who are like me, who think about that. There was a huge amount of antecedent information that he provided that made that final discovery as important as it is.

00:44:56 

SS:	The other two awardees were his advisor from Cal Tech and David Baltimore who used a different virus but found a similar mechanism, correct?

BS: 	Yes, that's true. And Renato Dulbecco, the (postdoctoral) advisor for Howard, really laid the foundation for a lot of studies with animal virology. He did not work on retroviruses, the viruses that had this machinery, but he was a leading figure in animal virology, period. He was also the advisor of Joe Sambrook, the guy who taught me virology. Small world!

SS: 	It seems like one of the most challenging things about awarding the Nobel for the committee is that it can be shared by at most three people. Do you think that was appropriate in this particular case?

BS:	The way this is done is that the committee actually will go and ask many universities throughout the world and other groups and people who've already won it, do you have anyone to recommend? And then they have a very thorough study of the work of the people whom they consider. It will always be a compromise. And they will always miss people who are equally deserving. But in general, the people they pick are pretty deserving. That they miss people is for sure. Most of the ones they recognize tend to be people who have made real contributions, the test of which is that they have sustained them over time. 

00:46:44 

SS: 	I think Howard was the forth person on this campus to have been awarded the Nobel prize in physiology or medicine. There were Joseph Erlanger (1944), Joshua Lederberg (1958) and then XX in 1968. And Edward Tatum was an alum. Did he know any of these people?

BS:	He would have known all of them, with the possible exception of Joseph Erlanger. I don't know if he knew him. He overlapped with Lederberg and with XX. 

SS: 	It seems pretty impressive to have produced four Nobel laureates on this campus during that period of time.

BS: 	Yes, I think it was. 

00:47:43 

SS: 	How did he feel about being famous?

BS: 	To the extent that it disturbed his private life, he didn't like it. To the extent that he could affect things for the better, he liked it. 

00:48:26 	End of First Interview Session
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SS: 	  I would like to clarify two points from our previous conversation. You said you formally enrolled at Columbia in 1972 and received your PhD in 1973. Did the time you spent at Cold Harbor count toward your degree?

BS: 		Yes, the work that I had done as a quasi-technician was allowed to constitute part of my dissertation so that my one-year enrollment in Columbia was a time for me to teach one course, to prove residency and to take a series of exams and then to defend my dissertation. That's what I did. 

SS: 		A short but eventful year…

BS: 		Yes, it was, definitely!

SS:		You also talked about your job offer in England that you ended up declining. After you graduated from Columbia, did you actually spend any time in England before or during your postdoc at the Karolinska Institute in Sweden?

BS:		The way the offer came to pass is that John Cairns, who had been head of Cold Spring Harbor, the director prior to Jim Watson, moved to the ICRF in Mill Hill [North London] and was starting to carry out cancer research. He hired Joe Sambrook and Joe, in effect, hired me. At the time I left for Stockholm...in fact, when I left, I went with Joe and visited his family in England, then visited John Cairns in London and then moved on to Stockholm. I would have gone to Mill Hill but for the fact that Joe, during the intervening year and a half when I was in Sweden, decided to take, I think, a position in Texas, in Dallas. So he became chair of biochemistry and he had been a major motivation for my going to England. He's a very charismatic person and I liked working with him. And then his not taking that position made it less attractive for me. 

00:02:31

SS: 	Ok, that makes sense. Let's go back to Howard Temin. Last time, we went until 1975 when he received the Nobel and you arrived here. And then you went on to be colleagues for almost 20 years. Would you say the two of you had pretty similar or pretty distinct research programs during this time?

BS: 	Both. He worked on retroviruses. He initially worked on Rous Sarcoma Virus (RSV), a chicken retrovirus. And then a lot on spleen necrosis virus (SNV), another avian retrovirus. I came here to work on Epstein-Barr virus (EBV), which is a human herpes virus. So the viruses are very different. The kinds of interests we had in studying these viruses were shared. I think Howard worked on RSV primarily because he developed a transformation assay for it and it causes tumors incredibly rapidly in chickens. I worked on EBV because it was likely to cause cancers, and by the time I came here, we really knew it did cause cancer in people. So there were parallel motivations. In some ways, there were parallel experimental approaches. We both did most of our experiments with cells in culture. But the kinds of questions we addressed had to be idiosyncratic for those viruses. They are very different viruses. So in one way, yes, we were asking very similar questions at one level, but in the lab, no, we would use quite different techniques. 

00:04:10 

SS: 	Did you ever publish joint papers, apply for grants together or jointly mentor trainees?

BS: 	Within a year or two of my coming here, Howard wrote what was called a program project grant, where he was the PI and I was a co-PI or an independent investigator, but the fact is, he was the head of that grant application. Before he died, I took it over and I ran it up until 3 years ago. So it's a way of communally funding people who do research on tumor virology in this department. We probably never co-authored a paper, although I wrote papers about his research. But we never co-authored a paper. I was often on the graduate committees of his students and vice versa. I think we dealt with students in different ways, so it was complementary. He was a great colleague, really, for me and for the people in the department. So it wasn't as if he were reclusive or anything like that. He was a participant in the department and we both benefited from each other, I think. I know I benefited from him.

00:05:28 

SS: 	Did he ever seriously consider leaving this institution for a high-profile job offer elsewhere?
BS:	I know he was offered jobs at Harvard, for example. I assume he was offered jobs elsewhere. He declined those offers, I think, because he both liked the department and Rayla and he liked this as a place to raise their two children. So I think there were many reasons to stay in Madison. I think also that the kind of science he was doing could be done here successfully and he was happy with that. So he did not need the high-profile environment that Harvard would provide, for example. It's a different way of doing science. So I think he was happy here. 

00:06:41 

SS:	Would you say his group of trainees became much larger than before the award because so many more people knew of him and wanted to work with him?

BS:	I think there were more applicants for sure, but he didn't allow it to change. An example of Howard and the way he dealt with his fame is that he insisted on the day that he won the Nobel Prize to come to the lab and look at his cells and behave as if it were just like the previous day when he did that. When I was first here, he had 4 graduate students, 4 postdocs and 4 specialists and I think that's the number of people he worked with until he died. He knew what he wanted to do and he did it. 

SS: 	Can you talk about his research program after the award? At some point, HIV/AIDS entered the picture, correct?

BS:	He actually didn't work much with RSV. I think he knew that it would be studied by multiple people and he chose to work on a much less well-known virus, but in the same general family, and that's the spleen necrosis virus (SNV). I think, again, he did that because the kinds of questions he wanted to answer he could answer with that virus and avoid some of the stepping on other people's toes and vice versa. 
 
00:08:39

BS: 	The reason he began working on HIV...and largely, that work wasn't so much in the lab as public, trying to fashion a rational scientific approach to working with HIV throughout this country. What happened was, a huge amount of money was thrown at it so that today, research on HIV dominates all of virology, by far. In this country, more is known about HIV than any other virus and that reflects money being spent on it and people going to work on it. I think he wanted to contribute, not so much by working on that virus, but by ensuring that the money be well spent. So he was very involved in Washington, at NCI and NIH in general, just participating as a powerful virologist and ensuring the money was well spent. And I think he made real contributions that way. There were a lot of politics, as you can imagine, among some of the people who claimed to have discovered it or who wanted to have the recognition of working on it. And he was an umpire, if anything, to ensure that it was dealt with fairly. So he made, I think, very important contributions, but less from a research basis and more from a policy basis. 

00:09:58 

SS: 	In terms of his research, what did he work on with SNV?

BS: 	Let me describe one thing. Retroviruses are called 'retro' because they take information flow in the opposite direction than it had been thought to go, and does go in most cells. Rather than going from DNA to RNA to protein, it goes from RNA to DNA and then, in fact, back to RNA and then to protein, is the way it really happens. He was fascinated with that process and people in the lab studied it at an enzymatic level and at a biological level. Along the way, he realized that you could then make what I'm going to call a vector, and by that I mean a nucleic acid platform that you can then express in the cell, to express whatever you wanted. Today, the sort of experiments I'll do, is I'm going to take a retroviral vector, which is a piece of nucleic acid, and introduce into it a gene that I'm interested in expressing in a cell. Then I can package that nucleic acid in a protein shell and infect a cell and it gets integrated into the genome of the recipient cell. That way of developing a vector is something he, and the people in his lab, spent a lot of time doing. 

00:11:32 

BS:	This was in the early 1980s. So they [the vectors] became very powerful tools. His lab was not alone in doing that, but his lab was one of the pioneers in generating retroviral vectors that were practical. And they're used in gene therapy, they've been used to introduce genes into animals and people and they'll continue to be a real powerful tool. So that's one kind of project that he and his group worked on for many years. Let's see if I can give you another example with SNV. Oh, the actual mechanism of...we'll call it reverse transcription. What happens, when you have a retrovirus, to the RNA that's in that virus particle while it gets copied into DNA? How does it get copied? That DNA copy, the provirus, gets integrated into the genome of the recipient cell. How does it get integrated? Each of those steps was something that he worked out in detail. And he was particularly interested in this process of reverse transcription, going from an RNA template to a DNA template, which, one could imagine, would introduce mutations into that DNA template. He, and people working with him, then measured the rate of mutation formation in the process of reverse transcription. And it's much more mutagenic than, for example, when our DNA is passed in the germline. So that became something that was really interesting to him. It proved very important to people who trained with him, like John Coffin, who works on HIV, to appreciate the frequency with which mutations arise in HIV just during its replication. I would say understanding the rate of mutation in retroviruses was another really major contribution from Howard. 

00:13:21 

SS: 	Didn't he also work on evolutionary aspects? Were oncogenes already known at this time?

BS:	He made real contributions to understanding the evolution of rapidly transforming retroviruses and their relationship to oncogenes. Viruses like RSV, as I said, cause tumors extremely rapidly. They carry information into the cell that is an oncogene. That oncogene is what's going to drive the change in the virus and the evolution to be a tumor. The oncogene, in fact, is a cellular drive from a cellular gene and that's something that Howard postulated early on and that he studied in spleen necrosis virus. Then, his studies led to other people, like Varmus and Bishop who subsequently got Nobel Prizes, identifying the oncogene in RSV. So yes, he did study that phenomenon, that biology, in SNV too. Again, what he had posited and what proved to be true, and was shown first by Varmus and Bishop, is that rapidly transforming viruses pick up information from a cell and then deliver that information, which has evolved slightly, to another recipient cell. That new information is what drives tumors caused by retroviruses. In you and me, if we get mutations in these oncogenes, their mutant derivatives can really drive tumor formation in us spontaneously, without the intervention of a virus. 

00:15:28 

SS: 	Going back to the biography you wrote about Howard, you said he served on 12 national committees between 1985 and his death. Did he feel pretty strongly about that part of his career and was it his form of service?

BS:	Yes, exactly, his service to the world, in fact. Yes, it took time away from the lab and from his family, both. But, as I said, it was something that he could do once he had received the recognition that he got and he was going to spend that recognition as constructively as he could. And he did. An example that is both humorous and hard to imagine is this: In the late 1970s, we would always eat lunch at Union South. It would be Howard, Roland [Rueckert] and Paul Kaesberg and I. We would eat just before this student seminar. And there was no smoking allowed after some point of time. Up until then, people could smoke, and after that, there were signs all over. And I can remember him getting up, shortly after the signs were put up, going over to somebody who was smoking and saying, you've got to stop this or leave the room. They didn't know who he was, but he wasn't going to allow that to happen. That's typical. When he was convinced that something was right, he would act on it, in a very forthright way. 

SS: 	Didn't he do this smoking thing also in Sweden, at the reception for the Nobel laureates?

BS: 	Yes, and that was quite famous. I don't remember whether it was the King or his spouse who was smoking, and he said something about how inappropriate that was. Of course, it was right, but it was perhaps not politically correct, but he did it anyway. 

00:17:41 

SS: 	Is that the anti-smoking example that you remember best, the one from Union South?

BS: 	Yes, and actually, he went up to the government [the State Capitol in Madison] and was asked to...I think he spoke before some insurance commission, pointing out how the price of life insurance for those who do not smoke should be decreased relative to those who do smoke because of the obvious cost of smoking. So he did things like that too. That would have also been in the late 1970s, early 1980s, before it was as well thought of as it is now. He was certainly an advocate to stop people from smoking. 

SS: 	Another thing I saw online concerned his effort on behalf of Jewish scientists in the Soviet Union in 1976. You were already here. Do you know anything about this?

BS: 	He actually traveled to the Soviet Union then. He both brought them information from this country and then tried to bring information behind the scenes back to this country and to Europe. He tried to help the people in any way he could, the people who, yes, were Jewish, but not only Jewish, who were being incredibly limited by the Soviet Union. So he was an advocate for them too. 

00:19:25 

BS: 	There, he could probably do less than in this country because of his position here, as opposed to his lack of a position within the Soviet Union. But he definitely...he talked about contacting people when it was illegal to contact them in Moscow. I don't know if it was only in Moscow. He tried to bring them some of what was available outside of the Soviet Union and to get information on what it was like to be there and to help if he could. A more explicit example that I do know about is this. There had been a person here [Jan Svoboda] who was a postdoc with Howard who returned to then-Czechoslovakia and had been, as long as Czechoslovakia was under the thumb of the Soviet Union, not allowed to even work with graduate students. So he was allowed to be in the lab, but only by himself, and all of his resources were removed, so he could do no science. Howard ensured that all of the things he needed to do science came from here and were sent to him in a collaborative way. It was perfectly legal from the U.S. standpoint, and it was the only way he could do science. He became...it was the Czech government...he eventually became the head of the equivalent of NIH. He was a substantial contributor to science in the Czech Republic, and prior to that time, had been sustained through Howard's helping him. For a long time, he wasn't even allowed to do science, as long as the Soviet Union was empowered there, or their puppets were in power in Czechoslovakia. But he, with the help of Howard, continued to do science and continued to make contributions such that he was recognized for his scientific ability after the fall of the Soviet Union and became head of, I think, the equivalent of NIH. A very impressive person. That was a very personal contribution from Howard. It wasn't done through the government, it was what he could do through here. 

00:22:11 

SS: 	Howard died in 1994 of a form of lung cancer unrelated to smoking. When did he stop coming to the lab because of his disease? 

BS: 	He found out around September 1992 and died in February of 1994. 

SS: 	Was he pretty sick during that time? 

BS: 	He was quite sick, not so much directly from the tumor as from all of the therapy. He recognized that the life expectancy, or the chances of actually getting over this, were very small. Therefore, he was willing...not because it was pleasant for him but because it could help people in the future, and I mean this... he would take on some of these experimental therapies, which were quite difficult and physically demanding. Among the things I tried to do was reading books. I would find him a book that he would read when he was in the acute stages of the chemotherapy...it was very difficult. So I read a lot and he read a lot. The chemotherapy...I know this through my wife...can be really demanding for several days, and for those several days, he would not be able to come in. But after maybe three to four days, he would come back to the lab and continue again as if nothing had happened. He would teach. The last semester, this would have been the fall of 1993, I taught the course for him most of the time. But then he wanted to come in and give the talk...I can't remember which day it was, but it was in December...that was his last lecture. So he was quite dedicated. It's not only being dedicated, it's having a raison d'être, having a way to lead your life such that you're not overwhelmed by all the difficulties you are facing...so that you wouldn't feel overwhelmed by them. He was also quite a strong person. 

00:24:40 

SS: 	What was it like for the trainees he had at the time? 

BS: 	It's not so much that someone like me would take over the research, but I did take over, whenever it was needed, guiding the students and the postdocs that were in his lab. After his death, several of them moved into this lab so that I could guide them until they moved on, be they students or postdocs. So a number of people who really were trained by Howard, actually, in the end, spent time with me. Yes, I guess they were all in this lab. For those people who were postdocs and were in the midst of looking for jobs, I had to substitute. And of course, I couldn't substitute, I could just do my best, but they all did well. They did find the jobs they wanted, I think, in the end. It was a transition that was difficult, but largely, thanks to people in the department, it worked out as well as it humanly can, or could have. So that was good. 

00:25:58 

SS: 	Were there people in the lab who continued the work he had started? 

BS: 	Yes, they finished their projects with SNV or whatever else they were working on, it's just that I helped them. People who trained with him have gone on to work in retroviruses very successfully throughout the world. 

SS: 	Where are some of them are now? Have any of them have come back to McArdle?

BS: 	In this country, perhaps the most senior person who is well known who trained with Howard as a graduate student is John Coffin. John has been instrumental, as I mentioned earlier, in appreciating the evolution of HIV during its infection and what that means. Here is an example, and this reflects John's insights in his work: If you just could measure the number of mutations that accumulate in the HIV genome from the time a person is infected until the time, normally, that the disease becomes apparent, that is AIDS, you'd know that every single nucleotide in that virus has been mutated. The significance of that is, when you treat a person first with a drug that is directed against, say, the polymerase enzyme, reverse transcriptase, there are already pre-existing mutants in that person's body that are going to be resistant to that drug. So you know that resistance is going to accumulate and you need a second kind of therapy. It's that kind of insight that came from John's work. And John's work came out of Howard's work of appreciating the lack of fidelity in making RNA out of DNA for reverse transcription that gives rise to this high rate of mutation. So John is outstanding. He's at Tufts and he runs his own research program at Tufts, but he ran a research program simultaneously at NIH, in Frederick. A large number of people at Frederick [Frederick National Laboratory for Cancer Research, FNLCR] actually also were trained by Howard. One of the heads there is a man named Eric Freed, who first worked with Rex Risser as an undergrad [online: graduate] student and then as a postdoc with Howard. Rex used to be here too, he is dead now. There is Mike Emerman at the University of Washington in Seattle. I think he's editor of "Virology" and he works on HIV. He was trained by Howard as a graduate student. Wei-Shau Hu, who's at NIH, was trained here. They are some of the leaders in retrovirology in America and [they] were trained by Howard. It's a very impressive next generation. They reflect the rigor and the drive that he had, as a scientist. John Coffin is certainly now the most senior of the people educated by Howard in this country. 

00:29:42 

SS: 	Of the current McArdle faculty, was someone trained by Howard?

BS: 	No, no one who is here right now. One former lab member, Nito Panganiban, was trained by Howard and was on the faculty here and then moved eventually to New Mexico. 

SS: 	So even though Howard didn't personally work on HIV, he trained many of the people who now do?

BS: 	Yes, definitely. 

SS: 	And after his death, his wife Rayla continued her career here and is now retired?

BS: 	Yes, she was in the Department of Genetics. I think she retired four or five years ago. James Crow was her postdoctoral advisor and then they were in the Department of Genetics together for many, many years. He also was a very charismatic person and a very fine scientist too. 

SS: 	Do you think Howard's fame continued to have an impact on Rayla's life after his death? Was she better known because of him?

BS: 	Oh, I think so. Once he became sick, she contracted her own research and work in the university and just devoted herself to taking care of him. So there was a hiatus in her work. While he was ill, people would come--and I mean this--from all over the world to visit and say hi, and many of them ended up staying with us. They would stay with us and spend a little bit of time with him because he had very limited energy. 



00:31:39 

BS: 	So her life was changed dramatically by his illness. Certainly, both she and he tried to protect the kids from this outside, somewhat superficial interest. By the time he died, the kids had both gone to university and pretty much left home. And then Rayla, in a very impressive way, reintegrated herself back into the university. How much was that affected by his fame? I don't really know, but some of it had to be. 

SS: 	Do you know anything about his children's careers? Doesn't one of them work on HIV?

BS: 	One of them is in New York, one is in Washington. They both work in public health, in one way. Miriam in New York has worked for a long time in public health, women's health you could say. In Africa, with respect to more than HIV, on inequality of health care throughout the continent of Africa, or throughout the world, for that matter, but focusing on women. Right now, Sarah is part of ASCO [American Society of Clinical Oncology] where she writes policy papers and helps make decisions about what positions they take. So they both have degrees in public health. 

SS: 	Were they both inspired by Howard?

BS: 	Oh yes, I think so. And by their mother, too. They are a very impressive family. 

00:33:46 

SS: 	Yes indeed. Well, I think that wraps up our discussion of Howard Temin, but I would like to learn a bit more about your own work. You have dedicated your career to Epstein-Barr virus (EBV), starting with your postdoc at the Karolinska Institute. What has fascinated you about EBV throughout this time?

BS: 	It actually goes back to a time before I knew anything about the virus. I can't tell you rationally, but emotionally, I've always known I wanted to do cancer research. When I was at Columbia, I was doing chemistry so that I could work on chemical carcinogenesis. Through this very circuitous path, I ended up working in virology, working at Cold Spring Harbor. Working on SV40 was satisfying, but it's a model virus. It certainly doesn't cause cancer in you and me, and I wanted to work on some aspect of cancer that affects people. Having learned something about viruses, I figured I'd better learn something about human tumor viruses. None was known in 1972 when I applied for this postdoc for the next year. But it sounded like EBV was likely to cause cancer in us, so I went to Stockholm to learn about it. And I've stayed with it because...well, for many reasons. One, if I possibly could...but first-person singular is inappropriate. It's always going to be "we," but you're asking me, so I'm going to use the first-person singular. If I could make any contribution to helping the kids in Central Africa who die of Burkitt's lymphoma, it would be marvelous. 

00:35:41 

BS: 	It's the tumor that I first realized was likely to be caused by EBV. It's the first tumor for which there was compelling data that said it was caused by this virus. The tumor arises in children who are four to seven years of age, and it's brutal. It's found in rural parts of Africa. It can be treated reasonably successfully if it occurs in us because it's so fast-growing that it's really quite sensitive to either radiation therapy or to some chemotherapy. But none of those approaches are going to work in poor countries in Central Africa, period. They don't have the money. So one of my, until recently, fantasies had been, "Could we develop drugs that would be effective?" And actually, from the work we've done, we know we could, in the abstract. Whether we can [for real] is a different issue. That may sound like nitpicking, but it's not. We were able to identify a protein encoded by the virus whose function, when blocked, leads to loss of the viral information from the tumor cell. We've shown that, when that happens, the tumor cell dies. So drugs that would do the same thing that we can do in the lab, if they were to be cheap and effective, would really be, probably, a good cure. Would it cure all the kids? No, of course not, because some of them would develop strains of the tumor that would be resistant. But it certainly should be beneficial. And that's something we're trying to do. So one of the things that has kept me working on EBV is not so much rational, as emotional. I'd like to make the world better and that's something I know about, so maybe I can make it better that way. And again, it's never just "I" and I'm not being modest, it's us, but anyway. It's also a fascinating virus to study for a lot of reasons. And I can describe some of them, but think of it in another way. 

00:37:43 

BS:	I'm an expert on this virus, but most of what I do is not research. It's to teach graduate students how to become experts in a tiny area of biology so they too can go on and do research. So I have to work in some focused area in order to teach. And since I'd learned about EBV early on and began working on it, I continued to work on it. I wouldn't do that if I were working solely with postdoctoral fellows in a research institute. But I'm in a university. I think my responsibility, really, here is to be a teacher, too. And that means primarily to graduate students. That's also why I've been conservative and have continued to work with the same thing.

SS: 	Have you visited Central Africa?

BS: 	No, never. I've never been on that continent. But one of the things that I did learn when I was in Sweden is much about the places of Africa where it occurs. That's in part because the Swedish government maintained a hospital in Nairobi. It's through that hospital that we got biopsies from the children who had Burkitt's, once a week. So my failure to go to Africa really hasn't affected my research, or me. I learned a lot about that tumor when I was in Stockholm. Children get it here and I have met children here who have it. It's just, the frequency is about one-tenth of that in Central Africa.

00:39:20 

SS: 	Who are some other people who have driven EBV research forward?

BS: 	George Klein in Stockholm, the person with whom I was a postdoc, certainly is a major figure. Elliott Kieff is at Harvard and is a major figure. I'm speaking of the elderly folks now, by the way, there are many younger people, too. George Miller at Yale is a driving force behind this research, too. And we probably constitute some of the older people working on it, but for each of us, there are probably 10 labs run by younger people. There are multiple labs in this department. Shannon Kenney works on it and Janet Mertz works on it. And Eric [Johannsen], who is right down the hall, works on it. So there are at least three more labs here. 

SS: 	So when you retire, there will be other people to continue the work.

BS: 	Yes, for sure. A number of people will continue to work on it so long as the federal government is willing to support cancer research. I think, if there comes a time when there are either vaccines or there are drugs of the sort that I hope we might be able to at least begin to identify, then it will begin to be less popular. You can see that in things like polio. Poliovirus was studied by virologists as a central virus of interest in the late 1950s through the 1960s. But as the vaccine became more and more effective, interest in it declined. I think one of the things that has maintained interest in HIV is the fact that, although there are good drugs out there, it's a massive problem throughout the world. There are 40 million who are alive and infected with it worldwide now. So as long as those numbers are there, people can continue to work on it too. 

00:41:37

SS: 	So your EBV research has been more focused on finding treatments. Is there a possibility of having a vaccine some day?

BS: 	I hope so. I think I could make a vaccine that would work, by the way. The problem is that, even if I could make a vaccine that would work in the abstract, testing it would be hell, because you have to have a way to know that it works. Well, since people are going to get infected throughout puberty, in this country, you have to test them before they're infected. That kind of thing is very expensive. You have to have people to buy into that test. While I think I could make a vaccine that would work, I'm really sure that I couldn't test it in the appropriate population. That takes a kind of political skill and money that goes beyond what a university can do. I can say how to make the vaccine, it's simple. It turns out you can't vaccinate against herpes viruses with dead vaccines, with viruses that are not competent to replicate, it doesn't work. But one of the vaccines that does work is for chickenpox, caused by the varicella zoster virus. 

00:43:02 

BS: 	That's a live, attenuated virus and it's safe. So if you want to make a vaccine for EBV, take that attenuated vaccine and introduce into it bits and pieces of EBV that could not affect the host, but will provide the information to serve as, to be recognized as a vaccine. I'm sure you can do that, but I just don't know how to get it tested. Otherwise, I'd be beating the bushes trying to do that. 

SS: 	How does that compare with the HPV vaccine?

BS: 	It's a killed vaccine. The way that vaccine works is, it's actually not even derived from a virus. The Salk vaccine was polio that was inactivated with a chemical, with formaldehyde. The HPV vaccine is made in yeast, probably, and it's one or two of the proteins, depending on how it's made. They'll assemble into what looks like a virus particle in the EM (electron microscope). But there's no nucleic acid, it's not infectious. So that protein is given to you and you make antibodies to that protein and that's what serves as the vaccine. So you're now prepared, when you encounter that virus, to already immunologically recognize it and inactivate it. That kind of vaccine has never worked for herpes virus, which says something about how our immune systems recognizes herpes viruses. It's different from HPV. It's different from hepatitis B virus, which is also just the proteins, not the nucleic acid, and it's not competent to replicate itself. But all of the vaccines so far that have worked in animals, or in people, are attenuated live vaccines. And nobody is going to allow you to put an attenuated tumor virus in you. That makes sense, you shouldn't be allowed to, I think. But making this hybrid virus, I think, would work. 

00:45:15 

SS:	Why do you think viruses play such an important role in human diseases?

BS: 	They play an important role, but until we learned how to deal with bacteria, bacteria probably killed more people. I think...at least I've read, I don't know how you could know if it's true...that the most important public health contribution in the history of humanity is cheap cotton underwear, so you can wash it. Bacteria probably killed many more people, historically [than viruses], but we know how to avoid them. Sometimes, viruses would kill huge numbers. The red plague was smallpox and that killed a third of Europe in medieval times, but so did the black plague and that's a bacterium. Viruses are important because they evolve and they can only replicate inside a living organism. When they evolved to replicate in us, they can give us a pain. They'll always be around. As long as we're around, viruses will be around. 

SS: 	Is there a silver lining for viruses?

BS: 	Well, sure, you can use them as a tool. I think there are a large number of instances now when you can engineer plants such that if that plant is fed upon by some plant pathogen, that plant pathogen is killed by the virus the plant carries, for example. And that allows us to have more cheap food. So yes, they can be used as tools, definitely. 

SS: 	Has this lab been involved in the HPV work?

BS: 	Oh yes, definitely. Paul [Lambert] has been a major contributor to the studies of HPV and actually, indirectly, to the development of a vaccine. He's been a major contributor. 

SS: 	Is that the most recent cancer vaccine that has been developed?

BS: 	Sure. In terms of the number of affected people, that's enormous. That's a major vaccine success, definitely. The work was done in the last 20 years, but the vaccine was probably developed and started to be used only about 15 years ago. 

00:47:57 	End of Second Interview Session
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00:00:00 Start of Interview

SS: 	This is Silke Schmidt (SS) interviewing Bill Sugden (BS) for part 3 of our oral history interview for the UW Archives. Today is December 12, 2016.

SS: 	Just a quick clarification about the Czech scientist who was helped by Howard. Is this Jan Svoboda? 

BS: 	It is. An absolutely delightful person. 

SS: 	Just a few more questions about Howard before we go back to talking about your own work. Who was the driving force behind naming the Lakeshore Path after him, his wife or people from this department?

00:00:55

BS: 	Probably all of the above, but I also think the Chancellor at the time. It was a combination of wanting to recognize him and the appreciation that it was the path he took every day and that that would be particularly appropriate. Certainly Rayla contributed to that identification, too. 

SS: 	Who were his other close friends in the department besides yourself? 

BS: 	Bill Dove, who is just two doors down from me. Henry Pieto for sure. This would be 1994, when Henry was chair, so he would have been quite influential. Jim was certainly alive, and Betty, so probably the Millers too. A lot of people. 

00:02:01

SS: 	You mentioned that he knew other Nobel laureates. Did you know others too, like Josh Lederberg and his wife?

BS: 	I knew quite a few from other parts of my own life, but I did not know them here [at UW]. They had moved by the time [I got here]. But Rayla and Howard certainly knew the Lederbergs. And they knew Khorana. But I did not. 

SS: 	None of his daughters went to UW for college or grad school, correct? 

BS: 	Yes, that's correct. 

00:02:36

SS: 	Let's get back to your research. You and others have learned so much about Epstein-Barr virus (EBV) in the past 40 years. What has enabled some of the biggest insights: technology, advances in molecular genetics, knowledge of other viruses, epidemiology...? What made the biggest milestones possible?

BS: 	It is fun that you ask the question because something Howard and I used to debate was whether science drives technology or the other way around. There's no answer. Many things have made it easier to work with EBV. One of them was something I was involved in very early on, what you'd call recombinant DNA technology. That's the ability to isolate purified pieces of DNA and characterize what they do. Here's a thought. Virology is not so popular in these days because we can do so much more with the intact cell or with tissue than you used to be able to do. 

00:04:02

BS: 	What made virology popular and powerful was that, early on, you could purify--because the virus did it for you--a piece of nucleic acid, a few genes, and then study them in detail. What was peculiarly difficult about EBV was that it was big, for a virus, and that you couldn't grow it. Those were hurdles we had to overcome. Being able to clone the DNA and then take fragments of it and study them as the basis of individual genes of the virus and what they do was an amazing advance. That was not done in a day; it was done over, say, a decade. Part of it was just sequencing. Here is, for me, a lovely memory. There were some labs that, early on in sequencing, were sequencing 1000 bp or 5000 bp of EBV and publishing them. They would do everything one could conceivably think of in those days with 5 kb of sequence. 

00:05:15

BS: 	By the time it was published, it was useful but not something you'd want to pursue immediately. A few such papers were out. In 1983/84, this huge package came in the mail. It was a tape. Literally a tape, about 10" in diameter. It was sent by people in Cambridge, England, who had decided this was the biggest piece of DNA they could get their hands on. It was the entire sequence and they sent it to everybody who was, at that moment, working on EBV. Speaking about manna from heaven...woo-hoo! This was it!! That information then allowed us to ask questions that we could not ask before. That's an example of technology driving the kind of science that became possible. It was quite remarkable because prior to that time, we were looking for (and thought we had found) the origin of DNA synthesis of EBV. Both in the human and mammalian genome and in the genome of DNA viruses, there are discrete sites at which the initiation of DNA synthesis takes place. It's not then extended on forever. There are subsequent sites at which it can initiate. But for EBV plasmids, there is one. We wanted to find that because it would then become a tool to identify what other borrowed genes were necessary for it to function, because we knew nothing, but we knew it was a plasmid. We had shown that and people in Sweden had shown it. So it had to have some way of persisting independent of the chromosome and it had to have an origin of DNA synthesis. 

00:07:08

BS:	We were really rather sure we had narrowed down where it was. So this sequence lands in our lab and we could immediately look and see what that sequence was. And it was peculiar and distinct from anything else in the genome and smelled as if, yes, that made sense. So it was a lovely gift. The people in England really made a great advance that way. Other advances have come from immunology because EBV infects B cells, those cells that make antibodies. It's been studied for a number of years by immunologists, not just to ask questions related to pathology, but also related to other facets of what EBV can do. So that information flows into molecular biology and vice versa. 

00:08:04

BS:	And there's been a lot that I've gleaned anyway, I'm not sure if other folks have so much, from the epidemiology. And that's just fascinating to understand. Crudely, why do the kids in Africa get Burkitt's lymphoma and we tend not to? Well, understanding that has been made possible through the epidemiology and the realization that malaria is a co-factor. That feeds into the immunology that's been done to study EBV and the diseases with which it's been associated to realize that, really, our immune system is quite good at limiting EBV infection. It doesn't eliminate it, it limits it. It's when that limitation is itself inhibited, either by disease or by genetics, that you get tumors. So the information has flown from many sources over the 43, 44 years I've worked on EBV. Which also makes it a rich thing to work on, definitely. 

SS: 	You just alluded to this a little bit. A pretty large number of people are infected with viruses like EBV and HPV, which we talked about a bit, but they don't come down with cancer. Why?

BS: 	Can I even answer that for HPV...let me try do that briefly. For HPV, there are about 150 different serotypes. What that really means is, these are related viruses. Each is distinct, however, in sequence. So they share some sequence but they differ in other regions. It's only a rather small subset that's associated with disease in people. 

00:10:02

BS: 	What distinguishes that subset is that the genes that do contribute to cancer, in those people who get the subsets with tumorigenic HPV, are modified. They are not carcinogenic in the vast majority of subtypes of human papilloma viruses. If you do happen to get infected with, say, HPV 16 or 18, it's by no means certain that you'll come down with cancer.  Probably what matters is, the virus is maintained as a plasmid, as is EBV, but it has to get integrated into the chromosome because upon integration, if's integrated in the wrong way for us, but the right way for the tumor, then some of the genes that can drive tumorigenesis will be expressed far more efficiently. So that's a chance event. That cell then has to acquire additional mutations without which it will not become a tumor. That's a chance event. So the chances are: being infected with the wrong subtype of HPVs; then the virus has to integrate (that's a rare event) in a particular fashion (that's a rare event); and then additional mutations in that cell must occur over time (that's a rare event). And still, a lot of people get it. But there are a lot of people out there and a lot of us get infected. That's HPV. For EBV, many more of us are infected. And, right now, I think there's no reason to think that there are strain differences so that some strains are markedly more predisposed to cause cancer than others. There clearly are differences at the sequence level. There are roughly two flavors of EBV that you can tell [apart] biologically and by sequence, but even between them, and within those that are related, all of them can be found in cancers. There are two kinds of cancers, roughly: those that are lymphoid B-cell types and those that are epithelial, things like nasopharyngeal carcinoma, some gastric carcinoma. These are tumors of an epithelial origin. 

00:12:33

BS: 	It's easier to say what's necessary for an EBV-positive lymphoma to arise. The virus induces, and can maintain, proliferation of the infected cell. The immune response will recognize that cell as being foreign, because foreign proteins are being expressed, and it kills it. As small subset of cells survives that have actually withdrawn from the cell cycle, so they are not proliferating. They are called memory B cells. They have EBV in them as a plasmid and they stick around in your blood, and in my blood, all of our lives. With some frequency, and we don't know what that frequency is, those cells convert for reasons we do not understand and become proliferating again, and they probably release virus. That virus is then going to stay with us for the rest of our lives. Once those cells are proliferating, they are going to be killed by our immune response. What we're doing is stimulate our immune response all the time so that we are exposed to EBV for sure multiple times throughout the rest of our lives, but we don't come down with disease.

00:13:49

BS: 	We do come down with disease if we're immunosuppressed or immunocompromised and some diseases do that. It's done iatrogenically (I think that's the right word), which means clinically by mistake, roughly speaking. If you have a kidney transplant, you have to get immunosuppressed and if you then have EBV-infected cells, which you almost certainly do, they can evolve into lymphomas. So what's happening? When you inhibit the immune response and you have EBV-infected cells in you, they proliferate and they acquire mutations. We know a lot about what those mutations are. For example, a very common mutation that's acquired (which doesn't mean that its formation is common, but it just provides such a selective advantage so that rarely, when it happens, you get to see it), it takes a known cellular oncogene called Myc and it juxtaposes it to the immunoglobulin locus. In B cells, immunoglobulin (antibody) genes are expressed very efficiently. So if you bring [together] a cellular proto-oncogene (that's a Howard Temin term) to a region that's efficiently expressed, you make a lot of it. And it turns out, by the way, you don't really make so much in these tumors, but you do make it all the time. C-Myc is a gene that's expressed episodically in a very controlled manner. In this case, it's just expressed constitutively. And that probably is the driving force to keep the cell proliferating. What happens then, over time, is that these cells are still subject to an immune response even if it occurs in an immunocompromised host, so that those cells don't fare well. They tend to be killed, as far as one knows. On the other hand, if they have additional mutations in them that allow the diminished expression of the borrowed genes, which really are the signals to the immune system 'kill me,' then those cells escape whatever residual immunity is there and they form a tumor. 

00:16:20 

BS: 	What is amazing to imagine, and I don't understand this at all, is that kids get Burkitt's lymphoma, you and I don't. We can get some rare tumors associated with EBV in B cells, like diffuse large B cell lymphoma. A fraction of them are EBV-positive. But why is it that only children that came down with bonified Burkitt's lymphoma? I don't know. That's a question I've tried to pose both to myself and many other people and I have no answer. 

SS: 	That's interesting. You said it's typically kids who are 4 to 7 years old?

BS: 	Yes. The reason it won't be younger is easy to guess. It's that moms (like all of us) have been infected with EBV, so they have neutralizing antibodies that will prevent infection. So if you try to take the blood of a 1- or 2-year-old, you will find out they're not EBV-positive, but they will have detectable antibodies of the IGM class. That's what crosses the placenta and will limit infection. That wanes as the child grows. It's probably present in breastmilk too, though that will depend on whether the kids are breastfed. 

00:17:36 

BS: 	But by 2 to 3 years of age, there's much less of that. So now they'll be much more likely to be infected. As long as you live in poor countries...I don't know if I said this, but poverty in this context means, how many people live per square foot of housing space. If you get enough of them, you get all these communicable diseases and viruses passed to young people very rapidly and that's when EBV will be passed. You don't see primary infection, ever. You see that in teenagers, but that only happens in wealthy countries. But primary infection early on is not noticed. And then, I calculated 9 to 24 months later, you can see Burkitt's lymphoma. So it's not immediate because those things I described have to evolve for it to happen. But from prospective studies, it's at least 9 months and can be several years after infection until you see the disease. 

SS: 	So you have a good explanation for why it's not observed at ages younger than 4. Why do you think it ends around age 7?

BS: 	I can't fathom that. Let me say something that's part of an answer, but is surely not a whole answer. Part of the answer is that children in Central Africa, in New Guinea, who are destined, potentially, to develop Burkitt's lymphoma are all positive and have all survived whatever period of being immunocompromised in the presence of the virus has occurred by the time they're teenagers. So it makes sense that you either get it or you don't. But why doesn't it evolve later or why don't we get it? That I don't understand, why it doesn't come up sporadically in us. In some funny way, it does. Let me give two answers to that.

00:19:36

BS: 	People who have HIV come down with Burkitt's lymphoma later in life. So what makes Burkitt's lymphoma? It's really what the pathologist calls it. It's a lymphoma that has what's called a starry sky pattern in its stain. What that means is, it's a lymphoma with lots of proliferating cells and lots of macrophages, which make the starry sky pattern. You could imagine there are other forms that B cell lymphomas take with EBV being a driving force, but they haven't been identified except for this fraction of diffuse large B cell lymphomas. So there's a lot we don't yet understand. 

SS: 	Last time, you said there's a treatment for Burkitt's lymphoma that's possible in principle and an EBV vaccine, but there are significant practical hurdles. Is there a chance of overcoming these obstacles as time goes on? 

BS: 	Oh sure. I will talk about the kind of treatment that exists and the kind that I hope for. What exists is the same as what's used to treat all lymphomas: chemotherapy. Lymphomas are localized in space. You might have them in the lymph nodes and under the jaw. You can treat them with radiation and they are very radiation-sensitive. The problem with that is, by the time you see them, they will often have metastasized. That's why they are almost always treated with chemotherapy. In this society, particular if children have developed it, they can be followed in academic hospitals or any very good hospitals and treatment can be very successful. It's quite tough on the kid, but very successful (in this country). But in Africa, that's not going to be practical. It won't be in any rural setting, but it's Africa where it's most common. And, by the way, as much as I want to focus on EBV, it's far more important right now to get rid of HIV there because many more people are dying from that.

00:22:06 

BS: 	So the two ways I can envision developing practical therapies inexpensively, or preventions, for the world are one, the way we're trying to do it. Roughly speaking, what we know is, through work we've done, that EBV provides lymphomas selective advantages. If you force the loss of the plasmid, the DNA, from those cells, they die a programmed cell death. We know that. We've then asked, how can we rid the tumor cell of the EBV plasmid? And we've studied the mechanism of the synthesis of this DNA, how it gets distributed to daughter cells, since we identified all that in the early 1980s. There's a single viral protein that's essential for this synthesis and partitioning called Epstein-Barr nuclear antigen 1, or EBNA1 for short. We've learned how to inhibit it in the lab. That actually requires using just a fragment of that protein to inhibit the intact protein. It works very well and the cells die. But we can't do that in a person, and we certainly can't do that efficiently in a child in Central Africa.
 
00:23:30

BS: 	So what we've been doing is look for small molecules that a person could take as a drug that would accomplish the same thing as this piece of EBNA1. We've been supported a little by the university and much more so by the Leukemia and Lymphoma Society to screen some 410,000 molecules. We've found several that certainly could not be a drug, but may constitute the beginning of a lead that could, through a lot of medicinal chemistry, be refined to have higher specificity and higher potency, and we have to make sure it doesn't have ancillary properties that would be lethal. So that's what we're trying to do. The biggest hurdle we face is funding because the federal government won't fund this kind of fishing expedition and there's no way we, here, will get to have a drug, but if we could get it to the point where companies would find it sufficiently tantalizing to pursue...and I'm not in this for profit...they can take it as long as they invest all the work that's necessary to make it practical. We might be able to get help at that level through NIH or the Gates Foundation. 

00:25:17 

BS: 	The second way [to develop practical therapies] is a vaccine. Did I talk about this yet?

SS: 	A little bit. You talked about the chickenpox vaccine and how you could make a hybrid vaccine. For herpes viruses, injecting dead virus won't work, correct?

BS: 	Correct. 

SS: 	Is the hybrid virus a dead end because it can never be tested in people?

BS: 	No, but it requires someone who's willing to invest not only their time, but has the authority to do so [test it in people]. Let me give an example. Some 20-25 years ago, it became practical to make vaccine for human papilloma virus. And there was a need. That's just a protein and that came out of understanding how the capsid of that protein is assembled and what's minimally necessary to do it in yeast. The hard part was, how do you test this thing? I know of one test, but there may have been more. That was carried out by NIH, which is an amazing thing because they don't normally test vaccine. But Allan Hildesheim, whom I've gotten to know and who is a lovely person, had set up in Costa Rica, many years before this point in time, a series of studies of...I don't think it was cervical carcinoma, but something for women in particular. It was an epidemiologic study and he, over decades, became sufficiently close to all the people whom he was helping that he broached the idea of participating in a vaccine trial. By this time, most of them had children (daughters). They had a tremendous compliance and it worked. The endpoint for that wasn't the prevention of cervical carcinoma, it was the prevention of infection. 

00:27:50 

BS: 	What you would need is the resources Allan had at his disposal, which was NIH funding and a large cohort of people who were trusting him. That's not me...and it's a lot of work. As much as, in my fantasies, I'd love to do that, I know I can't; but somebody else could. In the interim...and by the way, that would still take decades to implement...I will try to get to the point where, if we're lucky, we'll have leads that can be pursued as small molecule inhibitors. And that would make sense. It's much better to prevent something than to try and treat it. But here's a great example: How long have we had the polio vaccine? And we still have not eliminated polio. It's part political, it's part bad luck. Once it leaves the lab, there are many other things necessary to make it work and most people in the lab aren't able to accomplish those things. 

SS: 	EBV has also been studied in multiple sclerosis (MS). Have those findings informed your own work? 

BS: 	There's no way I can keep up with all the details, but when I first began working on EBV, very few people worked on it. And I recognized that my ability to continue to work on it reflected in part the world's interest in it. You're not going to find a lot of folks working on blue-green algae, but biologically, it might be every bit as interesting as EBV, maybe much more so. I worked early on to make it more attractive to work on and relied on some information about it that would extend to a larger community. It's not like I had this all planned when I came here. I just realized it once I was here. Not only did we work to understand how EBV DNA is synthesized and distributed to daughter cells, but we made derivative that then could be used by people and companies the world over to introduce genes into all human cells and maintain them as plasmids. So it's been used in gene therapy, it's been used in labs everywhere. Now, did that make me a better scientist? Hell no. But what it did do, to a very small extent, it did spread the faith, get more people knowing about it, get more people potentially interested in it. And that's essential to have the work we do be recognized, but also to have a community who cares. If you have enough people working on a project, it's going to move forward faster than if it's an isolated group. 

00:31:46

BS: 	The biggest example of that is HIV. Almost nothing in virology today is going to be as powerful as anything we learned about HIV because so many people work on it. So much of what we learn in biology has come from what people have learned first about HIV. Because it's intrinsically interesting? No! Because it's a horrible pathogen and people poured money into the research. To the extent that we can do that for EBV, we want to, and we're not going to do that the way HIV has done, but that's been a driving force too. That's a long way to say something else. If I could, I would want to make the world better. In terms of MS, I've taught courses on it when I was first here. MS is very common in northern parts of the world. Particularly back in the 1980s when I taught these courses, it was an enigma. 

00:33:17 

BS: 	It remains a bit of an enigma still, but the idea that there was a viral association with MS came maybe in the 1970s or 1980s, when people realized that if you came from the northern British Isles, you had something like a 1% chance to develop MS. That's only approximate. If you moved before puberty to Israel, it dropped to whatever the low prevailing rate of MS was, consistent with the idea that there were infectious diseases that correlated with the incidence of MS if you were infected later in life. There were a lot of these sort of odd studies. And knowing that, I think anybody who has read about MS from my peculiar position would have thought that viruses could contribute to it. And then people have screened for what those viruses could be. It's not the virus per se, in the current model (which is by no means certain). It's not that EBV per se is doing something to the cells in the central nervous system; rather, it's providing antigens that are recognized by the immune response and those antigens are sufficiently, let's say, cross-reactive with things in the central nervous system that that cross-reactivity could lead to MS. It is by no means certain and, as I wrote in one review, the only way you're ever going to know that for sure is this: If you get rid of EBV and you then also get rid of MS, fantastic. But we don't know if one is really directly causal for the other. But I do read about it [MS], yes, and also, look, I'm at a university. The people who are in this lab and go on and do science shouldn't do what I do because it will have been done, kind of, so providing these sorts of correlative studies (they correlate with what we study here, but are distinct) is an impetus for them to read more widely and they'll be better scientists if they do. It's not always easy to get people to reach out to different subject matters. 

00:35:49

SS: 	What do you think it would take to develop an AIDS vaccine? Somebody once referred to the childhood vaccines we have already had for a while as the low-hanging fruit. Cancer and HIV vaccines are much harder. Why? 

BS: 	There are several reasons why vaccines for HIV haven't been generated successfully. One of them is, most of the time people are infected with the virus, they're infected with cells. The cells are going to disseminate in the body and release virus for some limited period of time. So it's different from, say, influenza, which you get through the oral mucosa. To stop it, you have to stop the cells that initially get infected and you have to kill them; or if it gets out of those cells, then you have to neutralize the virus, probably with antibody, in the bloodstream very rapidly. But it will not get into us in a cell where that cells persists for some period of time releasing virus for some period of time. It will not be one cell, it will be a handful. So I think the initial inoculum of virus that can get into us would be harder to limit than for many infectious diseases. That's one. Two, once it makes it into one of our CD4-positive T cells, then it gets amplified. You have to kill that cell or really pretty much get rid of every darn virus that that cells releases, and it's going to release it for a few days, because other cells in the vicinity get infected. 

00:38:06

BS: 	So I think that the difficulty is that there is so little room for escape in this disease. Do I know more than that? I guess I don't know what the real failure is for most of the vaccines that have been tested. One thing that is clear, and this is true for a lot of RNA viruses (HIV has this intermediate RNA life, it's an RNA/DNA virus), is when you use RNA as a template, the enzymes that do that are really error-prone. You will throw off lots of mutations. It's a very high mutation rate. On the other hand, that's not going to hurt us unless it gets a chance to proliferate and give rise to many cycles. Then you're going to pick up mutations. Most of what has hindered vaccines, people claim in the literature, is that this high mutation rate gives rise to variants that are resistant to any of the initial immune response that's elicited by a vaccine. I'm sure all that is correct, but why aren't the initial virus variants that come in stopped? That's why I harp on this idea that it's a cell that brings it in. And I think there's really good data showing that's usually the case. But obviously, if I really knew the answer, I'd try to work on that. That's a really important issue. I'm sure I mentioned John Coffin. He's as knowledgeable as anybody on that subject. 

00:40:04

SS: 	And do you think there will be other cancer vaccines, like HPV? 

BS: 	There could be one for EBV someday, but not in my lifetime. No, it's only about 15 or at most 20 percent of human cancers that are caused by infectious agents. Those that are, yes, I think you could eliminate the infectious agent, but for the other 80%, it's a combination of genetics and spontaneous mutation during our lifetime that gives rise to cancer. If you think about the number of tumors that arise during reproductive age, there aren't many. But if you look at the incidence, it goes up with an exponent of the 5th or 6th power with age. The older you are, the higher your chances of cancer. That's just to say, the selection to prevent or avoid cancer really doesn't occur in us. This is not only a disease of the elderly, it's a disease that has really escaped much of the power of selection in evolution as it occurs after we reproduce, on average. Kids get it too, but it's rare. 

00:41:27 

SS: 	Who are some of your mentees that you are especially proud of and where are they today?

BS: 	I can answer that, but let me preface it by saying that these folks are an extended family and you really can't have favorites among your children. It's not fair. But I can say where a lot of them are. The first two in the lab were Willie Mark, who joined first, and then Chris Kintner was next. Last I heard, Willie was (and I think he's pretty much retired now) at Cornell Medical running their animal facility. No, he was at [Memorial] Sloan Kettering running their animal facility, and before that he was a faculty member at Cornell. Chris is at the Salk and also a professor at UC-San Diego. I've been closer to Chris. He's a very fine experimentalist. At some point, towards the last two years of being a graduate student with me, Donata (Dona), my spouse, was trying to make brain slices work. Maybe we had journal clubs together, I'm not sure. Chris started working a day per week with her. 

00:44:00 

BS: 	He was instrumental (the two of them did it together) in making the preparation useful. So he knows both of us well. Then he was a postdoc with someone at Cal Tech who then left Cal Tech and went to England, Jeremy Brockes. Chris went with him. We visited him in England and then met his wife-to-be, who is German, as is Donata, my wife. So we went to his wedding in Germany. Anyway, we've had a lot of communication since he graduated in 1981. He is a very accomplished scientist. And his family, at that time, was in Wisconsin, so he's a Wisconsinite. A very nice person. After Chris, there were two people. One must be one of the more unlucky people I know. His name is Stan Metzenberg. His father [Robert Metzenberg] was a faculty member here, so he was from Madison. Aida was another graduate student, and they were husband and wife before they left. She was in genetics. She's come down with MS. They have two children, one of whom is autistic in the extreme. Stan wrote within the last few months that he's been diagnosed with a sarcoma. Incredibly unlucky. He and I didn't get along when he was here. That was actually resolved quite beautifully by Howard. Stan wouldn't have gotten along with any authority figure because he had problems with his dad, who was a professor here. The way we resolved all of that was, although he formally worked under my direction, in fact, he moved out of the lab for a year and worked in Jeff Ross's lab and that seemed to make things work out fine. The other thing I did was, I said, Stan, you be the author on your papers. I'll help you write them all, but I'm not going to be an author on them, this is your work. And that's the way we did it. It was just fine and he did beautiful work too. I actually think we're reasonably close now. When I'm no longer the authority figure, it's ok. 

00:46:13
BS: 	Vijay Baichwal was there about the same time. Vijay transferred from, I think, Purdue. He got a master's there and then came here. He's from India. A very different kind of person. He did a postdoc at Berkeley and then worked for a company there, and wasn't so happy. And now, he works for a company in Utah. He lives just south of San Francisco, so he flies there on a Monday morning and comes back on a Friday night. He has a wife and two kids. His wife works also. His parents were in the pharmaceutical industry, in chemistry, also in academia, so he knew a huge amount about pharmaceutical chemistry as a graduate student, but he was just a pleasure to work with too. During that time, there were two postdocs. John Yates is the person who discovered the origin of synthesis of EBV. He then went to Roswell Park [Cancer Institute] and has subsequently retired. The person with whom I've collaborated ever since is Wolfgang Hammerschmidt, who came here as a postdoc and now is a faculty member in Munich. We've gone hiking together, maybe ten times, all over the world. We published two papers together four or five months ago. He is a pure pleasure. 
00:47:57 

BS: 	And it's funny, colleagues who you get to know personally, at least in my case, are the ones I collaborate with most easily because I trust them. Other students...I'm still in the 1980s, I haven't even progressed into the 1990s! Dave Reisman began as a technician in this lab. When we needed a graduate student, I said, don't come to this lab. Get some breath. So he went to another lab for a year and was unhappy there, so he came back as a graduate student. He's now a faculty member at the University of South Carolina. He's a delightful person too. He was a postdoc in Israel. His wife is Israeli. They were there when some Arab country sent over rockets. He was in Tel Aviv and they all had to get gas masks. And he had a big beard. It turns out, you can't put a gas mask over that very well! But he survived. I really mean it, it's an extended family. It's just quite marvelous. As much as I watch them grow up, I'm sure they've also watched me grow up and change. They influenced me and Donata. They helped raise Arthur, our son. Not this group, it was the next group. Arthur was born in 1985, so it was the students who were here in the 1990s. I'll just give one story, or two of them. Tim and Dave came up to me at some point and said, we really worry about you as a father. I asked, ok, why? Well, we don't think you spend enough time with Arthur. Can we teach him how to play soccer? I said, are you kidding, that's a great idea! 

00:50:01 

BS: 	I am sure, in part, that's why he is in science, not just because Dona and I are, but because he had lived in the lab. He was this young person around adults and they adopted him. At another point, by this time he was a teenager, they took him out...this may have been after someone’s graduation or some celebration and we all went out together. Then Donata and I went home and Arthur stayed with the younger crew and they went to some place where they were smoking hookahs. You can imagine, for a teenager, this was fantastic! So there were lovely occasions and it is like an extended family. 

SS: 	What does Arthur do now?

BS: 	He is married. He's a postdoc at Harvard, his wife is a postdoc at Brown. He is in a neuroscience lab, she's in applied mathematics. She is a mathematician. Her research is aimed at developing algorithms that allow her to identify the genes that are mutated through genetic sweeps. Imagine if there were to be a gene that gives rise to resistance to HIV. In a few generations, it would be a very popular gene. It would spread rapidly. There are such genes that have been selected for in us. Identifying them is non-trivial, in part just because there are so many mutations that arise that have little or no consequences. But they can go along for the ride. Somehow figuring out what gives this selective advantage is non-trivial, so she's been working on that. He works on...actually, something to do with trying to understand satiety. The approach is not so obvious. 

00:52:17

BS: 	Imagine you can take a little bit of the skull of a mouse off and put a piece of plastic there. You can engineer that mouse so that a subset of the neurons, when they are active for the moment of the pulse of nervous information that flows down them, turn green. That greenness is on for about 100 milliseconds. What he's doing is following about 250 of these cells for a couple of hours, where he's trained these mice to respond to food cues or not, trying to ask, when they are actually being given these cues, do they then remember or recall what were the stimuli that led to being fed...something of that sort. And this is all an attempt to understand, really, what fosters satiety in us and what makes us hungry. It's a very different world, but it's not so far away from what Donata works on. So Arthur and I have published two papers together. We rewrote and have submitted a third paper together, with other people. Donata is not on these. As an only child, he's very much worried that he somehow is unfair or unequal in his association with each of us. So he definitely is trying to publish with her. Dona and I laugh about this because normally, if you're parents of multiple children, you worry about being fair to each of them. He's worried about being fair to each of his parents. But it's a real pleasure because it turns out, he's very smart and can do things that I can't do at all. He's very good at computational work and I'm not at all. 

00:54:20

SS: 	Did he go to school [college] here?

BS: 	No. He went to Wesleyan in Connecticut. There are multiple Wesleyans. They were all founded by the Methodist Church and they're named after John Wesley who was somebody...he may have started the Methodist Church, I'm not sure. I went to Harvard and he got such a better education than I did, it's mind-boggling. It's small. Can I tell you a funny story? 

SS: 	Sure.

BS: 	So I did talk with each of the students in the lab once a week, formally, as you and I are speaking. But when he was away in college, whomever I was speaking to knew that if Arthur called, I would say, can I take some time to talk with him. And they would just sit there and I would talk to Arthur. 

00:55:13 

BS: 	So I get this phone call. Dad, I just took the best exam I've ever taken. And I first thought, I've never taken an exam that I felt positive about in my entire life! He was majoring in psychology. He said, well, it was in astronomy. I said, why, what made it so good? He said, it was exciting to try to answer these questions. So he switched into astronomy. And to switch into astronomy, you have to switch into physics, so he did that, too. When he finished college, the person who had been his mentor in astronomy left Wesleyan and went to become the chair at Indiana. So Arthur went with him as a technician, not as a student. And I think he loved everything he did, with one exception. Today, if you are an astronomer, you're in a room that's about one-fourth this size and you have a computer that's about ten times that size because everything you get is images from a CCD camera. The big telescopes, you don't go and use them yourself. You write grants that might get you 7 days of the year on that telescope. And then you pray the weather is good and you tell them point the telescope to such-and-such a place in the sky and send me your images. That's what happens. Then you write computer programs to analyze that data to address some question. That's what he was doing. And it turns out, even though he's my son, he's very social. Maybe it's because he grew up with all the kids in the lab. This was not a social profession. That was one problem. The second problem was that he had met his future wife [Lauren Alpert Sugden] and he was damned if he wasn't going to be where she was and she was a graduate student at Brown. So never having had any biology, he applied to be in the biology program at Brown and came here and took one course. That was Genetics 560 (or 465, whatever it was), the advanced undergraduate course in genetics, for that summer, which was great for Donata and me because he was around. On the basis of that, he was accepted at Brown...and actually, on the basis of the things he had done in astronomy. And the GRE, I guess. So he went to Brown as a graduate student and eventually ended up doing something not so far away from what Donata does. 

00:57:46

SS: 	She is not in this department, correct?

BS: 	She's the chair of neuroscience. 

SS: 	What's her name? You said she was from Germany. 

BS: 	Oertel is her last name. Her father is, at the age of 96, a retired professor of geology and had the typical German education, after Greek and Latin and German and English and French and Portuguese and one Indian language. But he's old enough to have been in the war and got his degree just after the war. So why Donata? It's the past perfect participle of “well given.” 

SS: 	Ah yes, I thought it might have something to do with “giving.”

BS: 	Yes. And Oertel is German, but it is old [German] for oar smith, I think. He grew up in both Austria and Germany. She grew up in Bonn and she was...I think they went to Portugal when she was about 4 or 5. Then they went to India, to Goa. Only at 9 did they come to this country. 

SS: 	And you met here, not at the Karolinska? 

BS: 	We met here. She had been married to an Englishman and had divorced. Then she lived in Germany with her grandfather. She had gone to graduate school at Santa Barbara in neuroscience and came here as a postdoc. And I had just come a year before as an assistant professor. Somebody who knew each of us held a party and, as they told us later, invited 19 camouflages. That was a very thoughtful gesture on their part, we both think. Well, it was quite lovely. And then, by the way, within 5 months of us being married, she left to go to Harvard as a postdoc for another two years. That was good, though. It was good because, among the marvelous things that happened was that she recognized that it was, back then, the mecca in the world for neuroscience and she was every bit as competent as they were.

01:00:35

BS: 	That was something, particularly for women back then. You've got to know that there is nothing super-human about them. They're not different. It's a very powerful thing to know. So it was a very good experience…and we had very expensive phone bills. 

SS: 	Well, hers is an unusual name, for sure.

BS: 	Yes. But try my last name. Sugden is not particularly useful, either. My mother would say, it's not a name, it's an affliction. 

SS: 	Well, let’s see. Are there any research awards you would like to mention, either your own or the lab's as a group?

BS: 	There's one that, I guess I should say, I'm proud of. And that's because I do respect the institution, the American Cancer Society. I hold what's called an American Cancer Society research professorship. It did provide money for 10 years, but it provides nothing but that name today. On the other hand, during that ten-year period particularly, I would go and give lots of talks for the ACS. And it was amazing. Some were in Florida and California, but most of them were around Madison within 100 miles. The places I would go to, it was often just to thank the people who donated to the ACS for these Runs for Life. I can remember going several times to Wild Rose, Wisconsin, which is a tiny town maybe 60 or 70 miles north of here. They stand out as giving more money per capita than any other town in America at a given average income. 

01:02:29 

BS: 	The ACS ranks places. If you're from New York City, your income is different, but within that set, they're extraordinarily generous. It was embarrassing how appreciative they were of what we collectively do. So that was a marvelous part. I have something from the university, too, that once had some money associated with it, which is the James Miller professorship. But what is impressive about that is not me and not the money, it's James Miller. It's in honor of him. 

SS: 	He was one of the Millers who used to work here?

BS: 	Exactly, just an incredibly lovely person and a fine scientist. So that was very nice, too. 

SS: 	This was the research piece and now I have a few questions about UW. Why did you decide to stay here for your entire career? To some extent, it was perhaps because you both had good positions here as a dual-career couple?

BS: 	Yes, definitely. And there were definite positive reasons to stay here, in addition to that. It's not only a great place to live, but also a great place to raise a child. But something else, too. It really goes back to why I came here initially. I was in Sweden looking for jobs. I came here and in 21 days, I gave 11 job seminars. I was tired.

SS: 	And you got 11 job offers?

BS: 	I did. But of all those places, there was only one place that really cared about cancer, and I mean that. And that was this place. That's what I wanted to work on. That's not true now. Many other institutions have genuine cancer research departments and they really do it and can maybe do it better than we do, but this place cared about it from the start. So I feel allegiance to it. I also love working with graduate students. They are an extended family. Most of the research-competitive environments tend to be run by postdocs, or on postdocs, superb postdocs. 

01:04:49

BS: 	But I think the opportunity to work with young people at the graduate level is probably here as rich as it is anywhere in America. That's not true with postdocs. They tend to go to the East and West Coast; more money or more something, more fad, honestly. The pleasure that both Donata and I derive from the people we work with has made this place a marvelous place to be, honestly. So that's why I'm here. Yes, we've had other job opportunities and it has been possible for both of us to move and neither of us has chosen to do so. In fact, we in general don't go until the people above us say, that's what we’re considering, which is another way to get money; because I just don't like that. But a lot of people do that.
 
01:05:48

SS: 	How different is the campus today, compared to 1975? Of course, there's physical change with many buildings having changed and been newly built. You've only been in this building for two years, correct?

BS: 	Yes. 

SS: 	Was the other one by Lot 20?

BS: 	Exactly. That's the building I came to in 1974 when I interviewed. The campus has changed enormously physically and I'm largely unaware of it because it's gradual. But I'm sure that's true for anyone, if you look at pictures of the way it was. In other respects, how has it changed? There's still about the same number of students, I think it's 32,000 undergraduate and on the order of 10,000 graduate students of all flavors. But if you ask, how much has the administration grown? Three to five times. I find that phenomenal. Now, is that necessary? I can't judge. I can say that, in part, it reflects state and federal government regulations and that people have to do something about them. So that's a huge change in just the number of people who are in administration throughout the university. I think there is a change in the extent to which we teach, and what the faculty’s role in teaching is at this institution. [I think] teaching is less important than it once was. That's certainly true in the medical school, but I sense that's true in many departments, not all. In the sciences, quite generally, more and more of our existence depends on the success in research and that means federal dollars, largely. For engineering, it's going to be in private dollars, too. I don't know that as well. Teaching tends to be done now more and more by people who are not faculty, but lecturers, for example. That's not true in this department, but it's surely true in other departments I know about. That's a precarious life for lecturers and their recompense is much less than for the faculty. And the faculty are recompensed less, relative to our peer institutions. So I worry about this university, actually. Other differences are that the composition of graduate students has changed enormously. With Howard, maybe in 1977 or 1978, I remember being visited by people from China as it was just opening up. They were particularly keen on getting to know him because he was associated with this revolution, that's the way they saw it, in the way information flows from RNA to DNA, not just DNA to RNA. But there was no one on campus from China, or almost no one. And now the number of students who come both as undergraduates, but typically as graduate students is enormous. So there's a huge change in the demographics of students in this university, particularly at the graduate student level, which is both delightful for someone like me because I get to meet people from all over the world, but it's also a little bit scary in the following sense.

01:09:33

BS: 	If our success in research is going to be dependent on the federal government footing the bill, and it is, and our influence with the federal government is affected by our composition and fewer of us are going to be here, because many people will go back to their own countries, or fewer of us are perceived as being American, we're going to have less influence in Congress and the Senate and it will be harder to get funding. So I'm scared about that. But personally, it's quite marvelous. But I worry about the future of funding medical research unless we have a lot of people who are domestic driving the funding for research. We'll see what happens, though I may not see it. 

SS: 	Are there any other anecdotes, like the one of Howard Temin at Union South, that come to mind, perhaps related to the campus and Madison being pretty liberal in the 1960s and 1970s? Or was political activism slowing down by the time you arrived in 1975? Or were there any other changes in the campus culture that you may have noticed?

BS: 	Well, I think there's been a disengagement in politics that's pretty dramatic, but that's throughout the country, not just at this university. But sure, there are changes. One of the things that was obvious when I came here was that first, many of the staff were farmers and many of the young people, the students, came from farms. That's a different kind of background. Don still works on a farm and works here, and he's in his 80s. But most people [that are here today] don't know what it's like to live and work on a farm. But I used to work on a farm, so I have some feeling for what that's like. That's a huge difference, actually, because it says something about rural Wisconsin almost having fewer representatives here than it once had. And that's a little worrisome, too, because a lot of Wisconsin remains rural. 

01:12:22

BS: 	The University as a whole, through extension, has contact with people all over the state, but Madison is probably more and more distant from rural Wisconsin. Since it is the flagship, that's a potential concern for how we are viewed across the state. When I came here, there were people in genetics, for example, who had been instrumental in developing the strains of alfalfa that are grown throughout Wisconsin. That contribution means a hell of a lot to people who grow alfalfa. But things like that probably aren't associated with Madison now as they once were, 40 years ago. That probably makes our position with respect to state funding more precarious. And we're not funded particularly much at all by the state, but every little bit helps. So that's a problem I think we face. And that's a change in culture, in fact, not of the sort from the 1960s, but a different change. And that will be a change as more and more undergraduates come from abroad. 

SS: 	Yes, that goes hand in hand with the growing international population you mentioned earlier. 

BS: 	And clearly, the drive to have undergraduates from abroad is that they pay more. It might not be fair to them, but that's the way the thing works financially. 

SS: 	Was the Wisconsin Idea something this department bought into and contributed to?

BS:	Oh yes. I think definitely. In different ways, but here's one. I can remember Betty Miller, this was probably in the late 1970s, and this surely should be reflective of the Wisconsin Idea, she was going and speaking multiple times at the State House. [She spoke] to the local representatives about how they should not adopt some of the federal standards for anything from radiation safety...and I'll give you another one that's really striking...to chemical safety and also asbestos. Now why, because we surely want to be safe. It turns out that a lot of the federal legislation at that time was written for, say, the chemical industry that might make 100,000 liters of a solvent. Their safety standards, if you try to translate them to someone working with a liter of the stuff, makes no sense and it would have made the sort of research we do here almost impossible.
 
01:15:28

BS: 	So she was taking her knowledge of the explicit law and trying to educate representatives from all over Wisconsin, to say, don't do this. One place they failed was asbestos. Now, why does that matter? You surely don't want to die of some asbestos-induced form of...it's not quite lung cancer, it's pleural cancer. Well, it turns out, asbestos can cause cancer. It is a solid state cancer, meaning it's not going to change your genetics. How it actually does so is not so clear, but what is clear is, as Gertrude Stein said about a rose (not quite), asbestos is not asbestos is not asbestos. There are different crystalloid forms of asbestos. Only one of them gives rise to the fragments that are of the dimensions of a cell. They are about 5-10 microns in length. That's carcinogenic. All the other forms of asbestos aren't. Guess what's in most of the buildings in Wisconsin? Not that carcinogenic form. 

BS: 	We have spent billions of dollars removing from housing something that has no carcinogenic risk at all, because rather than calling it asbestos of a particular crystalloid type, they called it asbestos. Does that make sense? No. Did she fail? Yes. But did she try? Yes. That's a kind of Wisconsin Idea. 

SS: 	Well, let's talk a little about teaching. Have you always just done graduate teaching? 

BS: 	No, I've taught undergraduates, nurses, medical students and graduate students.

SS: 	You said it's not really part of your job description, but you've done so much of it?

BS: 	Yes, I've taught a huge amount. Well, I'm at a university. The mere fact that it's not part of the job description is, pardon me, irrelevant. And it's another way we, as a department, influence the university. We have taught a lot. I used to be amazed because a number of people in other departments, particularly on the other side when we were up yonder, complained about nobody in McArdle ever teaching and what an easy life we had. Norman and I went through and figured out how many hours of didactic teaching we did on average and we were the highest among any of the basic sciences in the medical school, at least at the time we looked it up. Or as Vijay Baichwal used to say, a lie told a hundred times becomes the truth. 

01:18:29

BS: 	Surely, for the first 20 years or so that I was here, it was expected that we teach. And it's still expected that we teach in that, if you go up for tenure without adequate teaching, you will not get tenure. But I maintain that that's wrong if, in fact, we're not recompensed for teaching and it's not appreciated because, look, I might do it, but the way something is appreciated professionally in this country, largely, is with money. And if they're not going to pay us to do it and we're expected, in effect, to get all of our salaries from federal grants, that's a contradiction that's inappropriate. I think that just stems from a lack of agreement between the medical school and other schools. In the long run, it will have to change, but in the short run, it hasn't. And the short run is glacially slow in academia. It's not going to change in the next decade, but I'm sure it will in the next three decades. 

SS: 	Would you say the tenure process itself has changed during your time here?

BS: 	Oh sure. Things like mentoring committees really aiming to help assistant professors understand what's necessary. There were no such things earlier. And an awareness that there's an increasing requirement, in some schools, for faculty to pay their own salaries. Well, gradually that has got to change what's evaluated in tenure, so teaching does matter less, though it matters. Service matters less than it once did. It used to be, we had to do three things. We had to teach, we had to perform service for the university, and we had to do research. I think probably of those three, in this department, research was, from its beginning, the most important, but the other two were definitely important, both at a national level for service and teaching locally. They are less important now. So yes, there are differences. At some level, there's a much greater emphasis in the medical school for clinical faculty and basic sciences [faculty] to do research together. It used to be, we taught together, now that's disappearing. All of that will be reflected in what's required for tenure, too. 

SS: 	Is there any service activity that stands out for you?

BS: 	It comes in different flavors. I still am the PI on the departmental training grant. And I have been that for 25 to 30 years, for a long time. That's a kind of service because I have graduate students, but none are paid on that training grant. It has taken, over the years, substantial effort on my part to keep it going. I chaired our graduate student program for 25 years or so. And I still am reasonably heavily involved in it. That's a kind of service. When Norman Drinkwater was the director and chair, I was the associate director. 

01:22:27

BS: 	And that's a kind of service, too, because Norman is, I think, a superb administrator and is a micromanager and didn't want me to do a damned thing. But what he wanted me to do was to sit [down with him]. We had lunch together every day. He'd be in this chair and I'd be in that, and when things went awry, which they often did, he would be furious. And he'd be furious at me. And my duty was to let him vent. At the end of these 20, 30 or 40 minutes, depending on how much vetting there was, he was relieved and would go back and be a superb administrator. And I'm only slightly exaggerating. And at that time, I took care of the graduate students and their funding and all that, but he did everything else. 

SS: 	The training grant is a T32?

BS: 	Yes. 

SS: 	Did changes in the higher-level administration have a significant effect on your career, like the dean of the medical school?

BS: 	Not much. There've been a number of committees where I've been involved in identifying deans [search committees]. But no, I think that I've been rather insulated from that. Donata, my spouse, as chair of neuroscience definitely works with the dean a lot, and with the associate dean, and she respects each of them enormously. The relationship, I think, is mutually beneficial. She's pretty damned good at what she does. But I've really been insulated. 

SS: 	Same with the Chancellor, or have you felt effects of different chancellors over time?

BS: 	I respect the current one very much. They varied, in my opinion, in competence. And I think this person is very sharp and knows how to deal with both the orneriness of the people above her and the orneriness of the people below her very effectively. So I think she's marvelous. I have gotten to "meet the Chancellor" in various capacities, but never in a way that's highly personal. It was always with 20 other people in the room, and you're an audience more than anything else. 

01:25:13

BS: 	The one, among them all, that impressed me for her personal attention was...I'm not going to remember her name, but it will come back to me eventually. She was here from 1982 to 1984. Yes, Donna Shalala. She was very good one-on-one with people. The reason I know that is because I personally had a postdoc in the department, with Dick Burgess. He was very competent and he moved to become a faculty member in bacteriology. Her [the postdoc’s] name was Carol Gross. Carol was considering leaving to go to UCSF where she is now. I can remember Donna Shalala. She lived across the street. By this time, she was divorced and she would come over for dinner and she was part of this extended family. Donna drives up in her peculiar-looking car and gets out on a Saturday or Sunday and they're just talking. And I thought, you know, if you want to retain faculty, that's the way to do it. And Carol was very successful and clearly, there weren't all that many women who were so prominent in biology at that time on campus. So Donna was doing her part, which was lovely to see, actually. But again, I've been insulated from all of that. 

SS: 	So she was the chancellor you got to meet the most since she lived across the street?

BS: 	No, that was Carol. 

SS: 	Oh, I see. So what will it take for UW to remain one of the top research universities? Money, obviously. 

BS:  	Sure. The money is not going to come from the state. I think that the institution, with first fostering and then being fostered by WARF, is truly impressive, but the money from WARF alone is not going to make it enough. We're going to have to be more competitive, at least in the biological sciences, in getting grants from the federal government through NIH or NSF. That is particularly perilous for the future because we have no idea how the next administration is going to do anything with respect to NIH funding. Can we have closer ties with biological industries, pharmaceutical companies, for example? As far as I can tell, that's never been a long-term way to fund academic research. I don't know if you know this, but in the 1970s and 1980s, a couple of big pharmaceutical firms made alliances with some universities on the East and West Coast. They really invested a hell of a lot of money into them, by our standards, and the investment was quid pro quo. We invest in you, but we have the first rights to patent anything that you guys do. And they all withdrew in the end. 

01:28:46

BS: 	It was an injection of capital, but not a sustained one. So I don't think industry is going to support us, either. I think we're going to have to get it from the federal government and we have to be more competitive. Which is a little bit scary because many, if not most of us work quite hard. I don't have an answer. I really don't. I think one of the strengths that this department has had historically, and maybe this university had had historically, is that we had a lot of people who were involved in making decisions at the NIH level. People like the Millers were very involved in NIH and that then allowed us to either conform better to what their expectations were or, in some cases, probably mold their expectations to match what we could do. And I mean that. The Millers were very impressive scientists, Howard also. And being involved in NIH, they were influential. We don't have that now. That's selfish for this department, and that's in part because many more departments now do cancer research. We need more of that, I think, and more of that has to be appreciated by the university as a whole. It can't come from people of my age, it has to come from the younger generation. 

SS: 	So are you a little pessimistic at this point?

BS: 	I am in the following sense. I love what I do. I love being able to train people to do it similarly. But I think there are changes I see even in what the students want. They don't want to do what I do, in general. I am a rare bird. And what that means is, there have to be changes in the department, and in the biological sciences in general, to conform better to what the students want to do, which is not going to be so much research-based. I am pessimistic about them. Too many of the students, in my opinion, want to go do something other than what I do. But if they don't want to do what I do, then I'm not the best person to train them.

01:31:21

BS: 	And we're being paid on the training grants to train people to do what we do. So there's a real contradiction between the goals of many of the graduate students and the goals of the people who fund us to train those graduate students. And that's come about, in part, because this profession is viewed as being too hard, too unyielding and too tough for family life. Donata and I had one child. I was 40, she was 38. Arthur was born on a Monday and she was tenured on that Friday. And she was tenured early. You say that to most people and they say, you're crazy. Yeah, of course, at some level we are, but we love what we do. So yes, I'm a little bit pessimistic, but I must admit, given the elections, I think many people are. 

BS: 	The country will weather it, but we're not going to be the same country four years from now, let alone eight years from now. 

SS: 	Well, I think we've covered a lot of ground. Thank you so much for your time. You were very generous. 

01:32:47 	

End of Third (Last) Interview Session
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