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DR. DULBECCO: Well, you know I’m born in Italy. There is something interesting in a way I think in my background because I am born from a mother from the south of Italy, from Columbia and my father is from the north from Liguria.
MR. LARSON: Oh yes.

DR. DULBECCO: These are two civilizations which are very, very different in cultures and everything. So in a way, I was born as a kind of hybrid between these two different cultures that have different characteristics. For instance I think the southern people in Italy are more imaginative. They tend to be extroverts and imaginative. The northern people are solid. They work hard, not to say the southern people don’t work hard, but that they are more the other quality. Looking back through my life I think that these two qualities, the imagination and to work hard most of the time were very beneficial to me.

MR. LARSON: That is a very interesting point. I believe there is somewhat a similar thing with regard to Yugoslavia which is right by…

DR. DULBECCO: Sure, I imagine so.

MR. LARSON: …the southern part and the northern part. They are quite different cultures.

DR. DULBECCO: Oh yes. Well, so I was born in the south. My father was a civil engineer. He was with, in Italy they call the [Italian] which means the government organization to build bridges and roads and so on. He was there because there had been years before, a very severe earthquake in the south of Italia and several villages and towns have been erased. So the government had undertaken the reconstruction of these villages and towns with modern building methods. My father was a specialist which something at the time was very new, the reinforced concrete technology.

MR. LARSON: Oh yes.

DR. DULBECCO: With steel and concrete. In fact, they built everything in this way and apparently everything worked very well. 

MR. LARSON: Let’s see. What year were you born, just for the record? 

DR. DULBECCO: 1914.

MR. LARSON: Oh yes.

DR. DULBECCO: The earthquake I think was in 1908, or 1909. But I didn’t live very long in Columbia where I was born, because my father, of course, had to go in the Army to war. He became an engineer with, he was working in a factory where they were making guns and bullets and things like this for the war effort. He was an engineer doing this. So we went to Torino, went north. During a period of the war, we stayed in Torino and I don’t remember anything about that. Finally at the end of the war, we went to where my father was born, which a town now called Emporio, near Sarajevo, near the French border. So I had my elementary school there, studied and I went to the high school, the junior high, the high, which are called the gimnasio and licheo in Italian. In that time, actually I had the opportunity to become interested in science for one reason. In the town where I lived, there used to be a station, a meteorological station that belonged to the government network and also a seismological station for detecting earthquakes which are quite frequent in Italia, the government network. And this was run by a [inaudible], he was a pharmacist, but in his spare time he did all these things. My father knew him quite well. So when I was in the licheo, let’s say, 10th grade here, the equivalent of 10th grade, he introduced me to him, accidentally, we met and introduced and the pharmacist was interested in what I was doing. I said I was in the licheo and he said why don’t I come to the conservatory. He was a tinkerer really.  He loved to do things with his hands, so he had all kinds of instruments, a big tall tower with instruments on top measuring the winds and barometric pressure and humidity and all these things that he daily sent to Rome. Then he had in the tower, he had a pendulum, something like 50 feet high.
MR. LARSON: Oh yes.

DR. DULBECCO: A big pendulum with a big mass down at the bottom and two pins, a mechanical registration on a cylinder covered with soot, a smoke cylinder with a pendulum down [inaudible]. Every day he had to renew this thing and see if there was any tracing and send back information.
MR. LARSON: Somewhat similar to the one that’s at the National Academy of Sciences…

DR. DULBECCO: Well, except now, they are a little bit more advanced.

MR. LARSON: Yes, but the same principle.

DR. DULBECCO: Let’s see, now it was 1928, I think, yes, 1928. So radio was just beginning.

MR. LARSON: Oh yes.

DR. DULBECCO: I got very interested about radio and I wanted to build a radio for myself. So I bought a book and I started to learn really all the principles of the radio and the circuitry and the tubes and all those other things and I went to build a radio. The first one I built with crystals, little contacts…

MR. LARSON: The cat whisker.

DR. DULBECCO: Yes, the cat whisker. The first one I built was absolutely incredible with ear phones and you went there and the sound of music came, sound. My mother was a lover of opera so I gave her the ear phones. She put them on her head and it was fantastic. It was an opera. 

MR. LARSON: Well, that…

DR. DULBECCO: From that, I moved to make a real radio with tubes. So I thought that the seismograph was too antiquated. [Inaudible] build a modern seismograph, an electronic seismograph. So I, in fact, I did. I built one. I built a seismograph based on variation capacity.

MR. LARSON: Oh yes.

DR. DULBECCO: I thought I would make a condenser between the mass and the ground so as to not interfere with the movement of the pendulum. So, then I built a circuit, a [inaudible] circuit which incorporated this condenser and then [inaudible] circuit so I could measure the beat between the two. 
MR. LARSON: Oh yes.

DR. DULBECCO: The beat, if one changed, then the beat went up and down and the recorder would record it. We put it up and made a short, underneath this big pendulum made a short horizontal pendulum so that it would have a high low frequency and would be compact and put these machines there and in fact, they worked. It was within a week we recorded a distant earthquake which the big machine didn’t feel at all. 

MR. LARSON: Oh yes.

DR. DULBECCO: So that was very exciting.

MR. LARSON: That was very much a success.

DR. DULBECCO: So you see, I was in 9th or 10th grade when I did that. It worked very well. In fact I met somebody who belonged to the Rome central office, Seismological Survey Office, and he was so excited that he had it published. So there is a publication I think in 1929, 1930. So that’s really, there was something that pushed me in that direction. 

MR. LARSON: You were only about 15 or 16 years old then. 

DR. DULBECCO: Yeah I was 15 when I started, 14 or 15. Okay, so then from that there was really very strong encouragement. When I finished there, I had to go to the university and immediately in Italy, in Liguria where we lived, the choice is which university. Most people went to Geneva because it is closer, but my father, see he had studied in Torino, so my father thought I should go to Torino too. He loves Torino. Torino is a nice city. So I went to Torino and I started to study medicine. That was also a difficult decision because I, my inclination was to go and study something like physics. 

MR. LARSON: Oh yes.

DR. DULBECCO: I liked physics very much, but on the other hand my father, my mother said that her uncle was a great surgeon. That is a fantastic career and somehow she convinced me to become a physician, to go into medical school. One bit of luck that I had at the time is the following, that in the second year of medical school at that university, a student could go as an intern, which means an intern would be a person who would go into a lab and work, doing experiments, even in the second year.

MR. LARSON: Even that early?

DR. DULBECCO: Even that early and I had the fortune to end up in a laboratory with a great man I must say. He was [inaudible]. He was an anatomist, professor of anatomy there, but he was very modern man. He knew biology, everything that was known at the time. He was interested in growing cells in culture which at the time nobody knew what that meant. So he was really a modern biologist at the time. So he got me interested in biology, in the science of biology rather than medicine.
MR. LARSON: Oh yes.

DR. DULBECCO: That I think was my decisive influence. In any case, I stayed there. I finished medical school. In the course of medical school I changed from anatomy, I went into pathological anatomy, because I thought for medicine that is more important. It is true. You make a diagnosis, and then you got to the anatomical table, the body there and start opening up and see whether the diagnosis is right or wrong. I remember fantastic cases, where people made mistakes. This was at the university hospital. So the people from the department of medicine and so on, when the people died, the bodies because everybody had to autopsied, to be admitted to the hospital, 100 percent. I remember a case like this. They bring in a cadaver with a very impressive diagnosis, some kind of disease of the pituitary gland which is at the base of the brain. As they wheel in this cadaver, the man who helps make the autopsy who had been there for a long time and had great experience, comes to me and whispers, said, “Cancer of the stomach,” which was a completely different thing. I say nothing. They start by opening the skull because that’s the first thing you do in an autopsy and take the brain out and at the bottom of the brain is that gland which should be sick. There is a little membrane and you cut with a knife and the thing comes out. It looked perfectly normal. So the people there, the physician felt very nervous already. 

MR. LARSON: Oh yes. 

DR. DULBECCO: Then the autopsy proceeds and as soon as they get to the stomach, there is a big cancer of the stomach. So this guy was there to study and all the means they had there, and they made a mistake, but the guy had seen so many cadavers and had known the diagnosis, made it with his eyes, this diagnosis.
MR. LARSON: That’s a remarkable story there. Even with all the experience and diagnosis…

DR. DULBECCO: At that time diagnosis wasn’t, I mean the diagnosis means were really very good.

MR. LARSON: Yes.

DR. DULBECCO: See lots of biochemistry and the hormone studies which are now routine, didn’t exist. So the means were very crude really. That’s what it tells us.

MR. LARSON: Even with all of our modern techniques of biochemistry and lab analysis and instruments still there is a lot to be done with diagnosis yet. 

DR. DULBECCO: Sure, but however, I would feel much more assured now. 

MR. LARSON: Oh yes. Today all the marvelous instruments…

[Break in video]

DR. DULBECCO: So then I finished medical school and there, at the time, it was 1936, which means I had to serve in the Italian Army for two years. That’s regular. 

MR. LARSON: Oh yes.

DR. DULBECCO: So I was a physician in the Italian Army. This means 1938, and you know what happened in 1939.

MR. LARSON: Oh yes.

DR. DULBECCO: So in 1939, I was back in the Army, now at the start of the war. That’s a different story and I won’t talk about that. I was with the Italian Army in Russia actually.

MR. LARSON: Oh you actually…

DR. DULBECCO: I was a physician with the Italian Army. I barely salvaged my skin. In any case, this ended and I got back at the end of the war. Well first of all, I got back from Russia in 1943, ’44, yes, ‘44. Of course the war ended in ’45, so a year more, a year and a half. During this time, I was, I became a partisan in a way.

MR. LARSON: Oh yes.

DR. DULBECCO: I went to hide because I didn’t want to go back into the Army. There was a changeover. A different general had taken over.

MR. LARSON: Oh yes. That was a terrible situation there. 

DR. DULBECCO: I was hiding in the hills near Torino. So I, as a physician, I worked for these partisans who were there. I helped set up a dentist’s studio. I helped them too because they needed that too. I improvised that. I worked very well and was a good dentist in a matter of months and then finally, they adopted me to the city council, the first city council of the city of Torino. 

MR. LARSON: Oh. That’s remarkable.

DR. DULBECCO: See, during the war, there were these clandestine organizations called the Liberation Group, they were called for this or that. In Torino, one group established itself with representatives from various areas of course, and so I was one of them. Automatically, when the allied troops came in and the Fascists and Germans left, then they automatically took over in the city. I only stayed there for two months because of politics. I am not a politician.

MR. LARSON: Oh yes. Well that must have been an interesting experience. 

DR. DULBECCO: Oh yeah. Very interesting, very interesting. 

MR. LARSON: I know the conversion from the war government to the peace government…

DR. DULBECCO: Actually, this sort of happened so readily in Torino, it’s incredible. Given my function in this body, when it was clear that the changeover would occur, we had organized some kind of state system throughout the city because we did not know there would be fighting in the city. So we organized that and I went around to houses and these ladies, these fantastic ladies that were willing to organize in their house, something like that, a first aid place. These people were fantastic. Instead of being caught, they probably would have been killed. There was no middle way at that time. They did. It was really amazing. 
MR. LARSON: Those essentially were small individual improvised hospitals. 

DR. DULBECCO: Exactly. Precisely. And then we went, when things were imminent, a friend of mine, and I were together in this thing, stayed in the old hospital which is in the center of the city, instead of going to the new hospital which is on the outskirts. During the night, [inaudible] this changeover with the Germans leaving, but they left without doing any harm, fortunately. They didn’t blow out the bridges and all these other things, and the morning after, it was a different government. It was a different world. That evening, the lights went on in the city. They had been off for two years, three years, you know. All of a sudden the lights were on. I was enthusiastic. Everybody was enthusiastic at that time. Okay, so I went back to work with [Giuseppe] Levi and I made again, I did not know what to do really. I was still interested in science, yet, I was a physician. I had this experience during the war and I kind of felt a little bit of inclination in that direction as well. So it was touch and go. I would do one or the other. So in Levi’s laboratory, there was my classmate. Her name is Rita Levi-Montalcini. She became a very well-known scientist. She is in Italy now and she use to do experimental embryology, took chicken embryos and took pieces from one place and moved them to another place and see how this would affect development, which is still being done now to a certain extent. Some of these things helped a great deal in helping to understand how embryo development takes place. She kind of convinced me to do something similar, rather than abandoning the war medical aspects. But I, she was very good with her hands and I didn’t want to challenge her, because I knew she was excellent and I was probably not as good. So I thought to do it in a different way. I thought I would use radiation to interfere with the development using radiation. A friend of mine was a radiologist and he gave me one of these radium needles that they use to use at the time.
MR. LARSON: Oh yes. 

DR. DULBECCO: You know, radium in a platinum capsule, [inaudible] filter… 

MR. LARSON: …cancer growths and so on. It was a wonderful source.

DR. DULBECCO: Exactly. I used that. The experiments I did were to take a very early embryo and just put this needle on top and then follow the development of the embryo. I noticed two things: one is that some cells are well cauterized in the chicken embryo which are the primordial, the germ cells which come from outside the embryo and migrate into the embryo. Then localize into ridges on the side of the spinal cord from which the gonads develop. Then these gonads will be either ovaries or testicles depending on the sex. Well these cells didn’t reach there. That was the first thing. The second thing, all these embryos, they all developed as males. There were no females. 

MR. LARSON: That’s remarkable.

DR. DULBECCO: In fact, it’s a very interesting thing. Still now, I don’t think this thing has been really worked out fully. Opposite, the presence of the germ cells within this structure is required for the development into the female direction. You see, in the chicken, the two sexes in all vertebrates are different because of the two sex chromosomes, X and Y. In us, the female is two X and the male is one X and one Y. in the chicken it is the reverse. The male is two X and the female is X and Y. 

MR. LARSON: I didn’t really know that.

DR. DULBECCO: But that’s important because it turns out, if you look at the development of sex, the homozygotic sense, which is the two X only stands to predominate. In the human, if you interfere with the development, it’s more than likely it will develop as a female, rather than a male because there is a kind of predominance. And in the chicken, it is the reverse. So without the help of the germ cells, only the, that particular type of sex could develop. The one that corresponds with a double X. In any case, so we had great fun and Levi, he was the professor there. He was very critical and very imaginative and he had a tremendous influence. Everybody had tremendous respect for him because he was such a clean person. During the Fascism, he was anti-Fascist. He was one of the few people to say it because at that time nobody even thought it or would say it. So he was an admirable figure because he was so strict and so nice and productive. He was very enthusiastic. In fact, he sent a manuscript on these findings to the Academia de Leche, which would be the equivalent of the National Academy of Science here, who publishes the proceedings. So you see, that gave me a push now. Obviously I was determined from then on, I think, that there was no other possibilities that I had to become a scientist, a biologist. I learned also tissue cultures which turns out to be very useful for me later on. That again, was a time when very few people did that. I had many wonderful opportunities, there is no question in my early career. Then I did another thing which turned out to be excellent. I was, not knowing how exactly to get into science, and which kind of science to do, and thinking about what I knew about the science, seemed to me that what I knew with my medical background was really very little. A medical background doesn’t give you any good preparation to go into science, as a physician, yes, but nothing else, especially what I had had. So I was just thinking, what should I do? Should I, how should I proceed to enlarge my background? I had done these experiments in radiation and I thought the radiation would be a very good tool for kind of dissecting biological functions. So I talked to people and Rita Levi-Montalcini, they all were saying, why don’t you go study chemistry, maybe study physics. I, in the end, went and studied physics because I liked physics from the beginning. So I enrolled in physics. 
MR. LARSON: What school did you enroll?

DR. DULBECCO: In Torino. At the University of Torino. I was in Torino, so I went back to school and during the day I worked in the Institute of Anatomy. I was a kind of teaching assistant. So I had classes, teaching histology to students, microscopic anatomy and then I went to classes and worked the nights, studied. I went for two years. I took all the exams and then the decisive event happened. In a way, this was decisive because all these other events had happened, otherwise they may not have been decisive. The decisive element was this. That [Salvador] Luria came to Torino. Luria had studied in Torino at the same university. He was a year ahead of me. So I knew him a little bit and then he had left at the beginning of the war because of the Jew persecution and then finally came to this country. He was well established as a biologist. He use to work with fascia, bacteria fascia, bacterial viruses. Anyhow, he came in ’46. He came to Torino and he came to the Institute because he had studied there, to see the people who were there, who was there. So I had the occasion to meet him. He was asking me what I was doing and I explained my ideas about using radiation and I had been studying physics just in order to really get to the quantitative aspects. He was enthusiastic because he had done the same. He started the same way and his work at the time was using radiation, just to study the genes of the fascia. He also studied some physics. He spent a year in [Enrico] Fermi’s laboratory in Rome. 
MR. LARSON: Oh yes. 

DR. DULBECCO: There was an affinity there and he said, “If you want to come to my lab, I will give you a fellowship to come.” So that was a fantastic thing because in Italy, what can I do? I could do nothing in spite of my, I was enterprising and had lots of good will and I didn’t mind working day and night, but the opportunity was there. So I said, “Yes”, and in fact, I came here in ’47. In ’47 I came and I joined his laboratory in Bloomington, Bloomington, Indiana, at Indiana University. 

MR. LARSON: Oh yes. 

DR. DULBECCO: That was a wonderful place for biology at the time. 
MR. LARSON: Oh yes. Of course I’ve forgotten the name of the radiation biologist…

DR. DULBECCO: [Hermann Joseph] Muller.
MR. LARSON: Yes.

DR. DULBECCO: Muller was there and [Harold] Urey had the Nobel Prize at the time…

MR. LARSON: Yes.

DR. DULBECCO: …on the genetic flies. Muller and there were other really outstanding people like Sonneborn, Tracy Sonneborn. He use to work with paramecium and protozoa and he really made some really nice things. There was [Ralph] Cleland, who was a plant biologist, very good genetics also. So there was a real center of genetics. I think it was probably the strongest center of genetics in the world at that time. So it ended up working very well. I took a course, Muller’s course in genetics, I remember. I remember my English was so poor, I could hardly, I could not really follow his lectures in the beginning. There was a woman, a German woman who knew English and took notes in German and she would hand me these notes in German because I knew some German, enough to read them, you see. So I studied for some time. I had to really rely on her notes in German. I slowly acquired enough English I could follow and by the end of the term I had no problem anymore, but for a few months, it was hard. That also with Luria came Jim Watson. 
MR. LARSON: Oh yes. 

DR. DULBECCO: So there was this little laboratory under the roof, under the eaves at Indiana University. It was a kind of room like this. There was a corner, little cubical where he would prepare his lectures and then there was, I was there and Jim Watson was there and then there was an assistant, a girl who was a technical assistant. That was it. It was a marvelous, marvelous place.
MR. LARSON: What year was that?

DR. DULBECCO: That was ’47 to ’49.

MR. LARSON: Oh yes. That was a marvelous collection with Muller, Luria, yourself, and…

DR. DULBECCO: Jim Watson.

MR. LARSON: …Watson, for one university…

DR. DULBECCO: Sure, but in one room…

MR. LARSON: …the concentration.

DR. DULBECCO: …to have Jim, Luria and myself in this little room where we couldn’t escape talking and discussing things. There I made the first discovery which was very good because it made me know, in the first year I was there. The discovery was the following: that Luria worked with bacteria fascia and he had discovered a phenomena of which he thought was a combination, and I think, in fact, in the end, turned out to be a combination, namely that if you take bacteria fascia, you radiate it with an ultraviolet light and then you infect the bacteria with this irradiated fascia. The number of bacteria producing fascia that you get depends on how many fascia factor for a single bacteria and then it was disproportionally higher for those who had more than one. So if you had the one, you may get for instance 10 to the minus one survivors. But if you have 10, you would get one tenth the survival, you see, so it turned into minus three, you might expect. So obviously there was so cooperation between these crippled fascia. I helped him study this and I made the curves to help predict, based on certain theories and how to decide how this could be explained, together with Luria. We worked together for some time. Then I remembered, actually the summer, we spent the summer in Cold Springs Harbor [New York]. You know Cold Springs Harbor, there is this laboratory. Many biologists have been there and really learned quite a lot because this was even before, this was 1948 when I spent the summer there. We worked there in one of the laboratories and I remember doing these experiments together with Luria, we noted some irregularities. These bacteria plated in cultures, in dishes, petri dishes, round dishes where there is a layer of solid argon, [inaudible], then you put the bacteria on top. The bacteria would grow fast and make it kind of log, which covers. But if the bacteria is infected, then this will produce fascia and the fascia will infect other bacteria and all together make a kind of hole, a small hole, like a pin point hole in this log. This means that one fascia particle was there and multiplied. 
MR. LARSON: Oh yes.

DR. DULBECCO: So it’s a way to [inaudible]. So I used to take this bacteria, I used to put them in there in this culture. I always made two para cultures to see if everything is all right. I noted that the two cultures, the two cultures never had the same number of [inaudible] where they should have had the same number. I noticed that, but I couldn’t really get it at the time. I had to come back to Bloomington. So we came back and then again I hit this particular incident. I noticed these two plates on the bench with the fascia on them and they stayed there for not a long time, a short time, and then they went into the incubator which is, everything is uniform. So it seemed that if there was a cause for non-uniformity, it would generate this difference when the plates were on the bench. What could it be? First, I thought that the one which is below maybe cools off either more rapidly or less rapidly depending on how this change takes place. So I put the two in two incubators at different temperatures. Nothing happened. They were equal again. See then, finally I looked above the bench and there was a big florescent light and I thought maybe it has something to do with light. So I made this experiment in which I took one plate and left it bare and the other one I covered with a piece black paper. That was it. 

MR. LARSON: That was it.

DR. DULBECCO: The one that was uncovered made several times as many [inaudible] as this one. So reactivation…
MR. LARSON: So ordinary light…

DR. DULBECCO: Reactivation by light…

MR. LARSON: …by light.

DR. DULBECCO: …and this was a very interesting, intriguing phenomenon. There had been no, it was already known that bacteria could do that, but with the volume of fascias, no one thought this would happen because it seemed so unrelated. 

MR. LARSON: Yes.

DR. DULBECCO: Instead it happened just the same. So in any case, this was a very interesting thing and I had some fun trying to determine why, which spectrum of light would have this effect, the actual spectrum, which I did by making filters and so on. This turned out that it wasn’t nucleic acid as first one might think. The light had to be absorbed by nucleic acid. Instead the light was absorbed by something which behaved more on the spectrum of porphyrin, so obviously something was happening in the bacteria and not in the virus itself. So anyhow, this was kind of exciting at the time and so that was a good thing, because it attracted the attention of people on my work. As a result, I got asked by Max Delbruck, Max Delbruck who was at Pasadena, at Cal Tech.
MR. LARSON: Oh yes. At Cal Tech.

DR. DULBECCO: Cal Tech and he knew me because I had met him at Cold Springs Harbor and Max was great fun at the time because he developed theories of things. Since my math was pretty good at the time, I often tried to build theories, mathematical theories on the base of the theory that he formulated, to test if it was really correct or not. So we had lots of fun together. So he said, asked me if I wanted to go to Bloomington, to Cal Tech with him. I remember it was a very difficult decision because Luria had been so good with me. He had been not only been a teacher, but a bit of a father really because I came, although he’s probably a year older than me.
MR. LARSON: Oh yes. 

DR. DULBECCO: But he was really a father because I had not known English and didn’t understand the culture, the society. So he guided me through the initial steps and he helped me enormously. So now I had this opportunity to leave him and go with Max, it seemed like not a nice thing to do in a way, although I was attracted to California, I must say.

MR. LARSON: Oh yes. How long had you been with Luria by then? 

DR. DULBECCO: About two years. Well, in the states about two years. But I remember talking to Jim Watson and Jim said, “You must go to Cal Tech. Cal Tech is the best school of biology in the country.” So I thought I had no choice. I had to do this. 
MR. LARSON: Oh yes. It’s a wonderful opportunity.

DR. DULBECCO: Exactly. So I told Luria when I saw him and Luria was very sad, very sad. I know. Things happen. So I came to Max and there I started to continue with the bacteria fascias. The thing that interested me at the time was the relationship of this phenomenon of light reactivation and the other one, the one Luria discovered where the cooperation of particles, whether, how these two things cooperate, or fit together, or interfered in a way. So finally I think I, lots of work had been done, and it came to the fact that everybody accepted that they are two independent phenomenons, that you could adopt the two phenomena. So that’s essentially the end of my work with bacteria fascias because this was about two years after I had been at Cal Tech. There was another circumstance, accidental circumstance and this was the following: a gentleman from San Marino, you know, San Marino is the rich community near Pasadena, bordering to Pasadena. 

MR. LARSON: Oh yes. 

DR. DULBECCO: Near San Marino, one of these San Marino residence, Colonel Bosworth was his name, not sure, probably Colonel Bosworth, he had herpes zoster, shingles. 

MR. LARSON: Oh yes.

DR. DULBECCO: A terrible disease.

MR. LARSON: Oh yes. It’s awful.

DR. DULBECCO: Very painful, really terrible and he was a good friend of the, I think Du Bridge was the president of Cal Tech.
MR. LARSON: Lee Du Bridge.

DR. DULBECCO: Lee Du Bridge, yes.

MR. LARSON: We know him very well.

DR. DULBECCO: Oh, of course. So talking together, the colonel asked him, “How come there is nothing to do about this?” Lee said, “We don’t know very much about these viruses. We work with bacteria fascias and we understand more and more, but nobody does any good work with these viruses like herpes zoster.” The colonel said, “Why not?” He said, “I want to give you, the University of Cal Tech a fund to start work on these viruses.”

MR. LARSON: That’s a very interesting origin of the virus work.

DR. DULBECCO: Precisely. Hoping that out of this might be something to alleviate his trouble. 

MR. LARSON: Yes. 

DR. DULBECCO: Du Bridge handed the thing over to Max, Max Delbruck. So Max, I remember one day he called me and Seymour Benzer, who was at the same time there working with fascias too, in Max’s group. He explained the situation and asked whether either one was interested in getting into that. Seymour, no, he said he wasn’t interested. He preferred to stick to what he started. It was interesting enough for him to continue and in a way it was a wise decision, I think. But I was more liking the new things. So I said, “Yes, I’m going to do that. This attracts me.” Of course, in a way, it put together things of the past, the physician in me and the fact that I knew these cultures, so everything seemed to get together. I was accepted into this and so what we decided I should do was to go around the country, to visit laboratories where people knew how to work whatever was done in these viruses in order to see what we could do at Cal Tech. So I spent probably three months visiting one laboratory after another, especially those that used tissue cultures. There weren’t many, because at that time most of the animal virus work was done with actual animals or embryos, or things like this.
MR. LARSON: Yes, tissue cultures are such a very demanding technique…

DR. DULBECCO: Sure, especially at that time.

MR. LARSON: …very few places at that time could do it.

DR. DULBECCO: Yeah. Very, very truly so. I learned quite a lot. I observed the techniques that people used, which viruses won’t do anything, which viruses you should use. I got to learn the characteristics of these viruses. When I went back to Cal Tech, Max asked me to write a kind of summary of my findings and make a proposal. So the analysis I made was, that the reason the work in this field had not progressed was because the work lacked a good [inaudible] system. Because I went into the statistics and showed that the [inaudible] was so abominable in terms of procedure, lacked complete procedures unless you had the normal difference in parameter measures, you could not see them to measure them. I said what we should do was try to develop a system that was similar to the bacteria fascias with animal cells. I outlined how I thought this could be done using cultures. So this was accepted and I got started working in that particular area. So I tried to do this using, the potato culture was available at the time. Fortunately there was a development that came from a laboratory at NIH [National Institute of Health] where [W.R.] Earle, Earle was a pioneer really in the modern tissue culture techniques and he showed that you could take an embryo, instead of putting a piece of embryo in a cloth, which was the technique at the time, a plasma cloth. That you could disrupt this by mechanical means and make a cell suspension. Then you could put the cell suspension on a petri dish like those used for bacteria, on the glass or whatever, directly and it would stick and make a nice layer, a uniform layer. So I thought, that’s what I need for making [inaudible] I would start with that. Then I got a virus, and I had to use a virus that was really pathogenic because I wanted something that kills the cell. People weren’t so enthusiastic, but I convinced them that the virus wasn’t so bad after all. So they gave me a laboratory in the corner of the subbasement to isolate me and my viruses. 
MR. LARSON: What virus did you use?

DR. DULBECCO: It was called equine spholine virus.

MR. LARSON: Oh yes. 

DR. DULBECCO: I chose that because that was highly pathogenic for the cells that I was going to use, kill them really, very effective. 

MR. LARSON: Is it pathogenic to humans also?

DR. DULBECCO: It is also pathogenic to humans, yes, but you know, we worked carefully. So I worked, I remember I quite rapidly, in a few months, I had succeeded in building up a system where everything I thought would be irradiated would work, to make the experiment. When I made the real experiment, it took, the first day I remember there was nothing affecting these cultures and put a layer of argon on top to keep the, prevent [inaudible]. I went to look for plaque there were no plaque. Then the following day, I thought there was nothing, but then by handling the tray in the light, I noticed under certain light conditions there were beautiful plaque. So I went to call Max and said, “Come see it, Max.” he realized something was going on and I showed him his culture in the light conditions and he said nothing. Then he said, “What date is it?” I don’t know what the date was. I forgot it. Anyhow so that was a great beginning. This opened every sort of thing because once we had this matter, we could really go and study every perimeter of viral multiplication, infection, actual anti-bodies and all these things and this went on for several years and we went on and did lots and lots of good work. We extended this to poliomyelitis because at the time that was the [inaudible]. There was support, the national foundation for infantile paralysis, is what it was called at the time had funds and was ready to support research, promising research. They actually asked me to see if this system would be adaptable to the polio virus and we did very rapidly. It succeeded very well and so we had, we started the work on polio and that was really quite good because we isolated mutants, the polio antivirus and this gave [Albert] Sabin, who was working all the time, developing his vaccine, gave the means by which he could purify his viruses, pure strain, by making these plaques because we had shown that a single plaque is a pure strain. He just picked a plaque and there was no problem whatsoever in a simple way, he got whatever he wanted. He could nominalize any number of different strains for their properties, you see. Those were the mutants that again helped him correct his mutants. So it was a fruitful collaboration for a little while. He was in Cincinnati and I was here. We kept contact and correspondence and it worked out quite nicely. 
MR. LARSON: Was Sabin, let’s see, how long after that was Sabin able to come out with…? 

DR. DULBECCO: Very soon afterward.

MR. LARSON: Very soon afterward.

DR. DULBECCO: Essentially he was on the last steps, you see, because actually I think that was the critical factor for him. There was knowledge of this in publications because he had these variants he had to be accumulating. They were obtained by mass strains or populations of viruses and he couldn’t really, by the means he had, which were limiting dilution, trying to statistically separate things. You’re never sure, especially with a virus like polio, where the efficiency of infectivity to the number of particles is so low, because most particles don’t participate in infection. So under these conditions really he needed something like that. Without that, he probably wouldn’t have been able to do it. But he was smart to realize it was a useful approach and in fact he did it. 
MR. LARSON: That’s very interesting. It happens that Dr. Sabin will be giving a lecture in Washington next month. I’m looking forward to him getting one of his many awards…

DR. DULBECCO: Sure.

MR. LARSON: …for his distinguished service. So that little piece of information is very timely.

DR. DULBECCO: So that’s really the work I’ve been doing in the field of viruses. Then there was another shift and that was probably the major shift and this is when I moved from these viruses which kill, multiplies and kills cells, to another class of viruses which are viruses which induce tumors in animals. This happens because at the time I started building up a large lab. I had lots of people in my lab and among the people I had in my lab, there was a veterinarian. His name was Harold Ruben and he was a veterinarian. He was interested in some chicken viruses which cause leukemia in chickens. 

MR. LARSON: Oh yes. 

DR. DULBECCO: So he came to my lab to work and of course he did his work, following what he had already done before, but we talked about it a lot and nothing changed with him. I got increasingly interested in this type of viruses. Also at the same time, a grad student came, Howard Timmon and he also became interested in these viruses and in fact he and Harry Rubin joined efforts and they developed a method for [inaudible] again. 

MR. LARSON: Oh yes.

DR. DULBECCO: It always starts with a [inaudible] otherwise. They devised what is now the focus method by which the virus instead of making a plaque makes little proliferative focus in the culture. The group of cells become different in characteristics and start growing, a little tumor really in the culture. So they did this and I remember, actually I remember at that time, Howard Timmon, he was very, very intelligent and he had the ability to see beyond the experiments, which lots of people don’t have. I remember when he came to the discussion with [inaudible] and I was the major advisor so the committee, Max Staveros [sp?] was on the committee too. He was another virologist. Howard explained that all the work he had done [inaudible] and then he came to the conclusion that probably this virus established some kind of permanent relationship with the cells, with the genes of the cells. He was thinking of the phenomena of lysogeny which was known at the time with fascias, where the fascia, the genes of the fascia establish permanent relationships with the DNA, the genome of the bacteria. He suggested that this might be the case. I remember that attracted Max’s eye because he didn’t really like that. He felt that Howard didn’t have the evidence. That was speculation, you see, and Max didn’t want that. He was very much attached to the data and didn’t want people to go beyond the data. So anyhow, I defended Howard and his intuition was good and interesting and should not be discouraged from speculating this way. Anyhow, it ended up very nicely, but it was an interesting thing because it did reveal a difference of philosophy between, see Max, it had been formed 20 years before and his formation, he was a physicist and his formation was essentially formal. His approach was formal. You had to have, you could make a theory, make a mathematical model. If you, the model makes a prediction to the experiment. If the prediction follows the curve that you have predicted, if the experiment showed the same curve, then there is reason to believe it is okay, but there is no other way to do experiments, this approach. Where as, in the time when things developed and we are talking about, there was already intuition that there are other ways to do these experiments, first of all that there are molecular approaches that are coming, would be coming soon which you didn’t have to make mathematical curves, but you could look at molecules, or look at the phenomena in a more, not so quantitative way perhaps. It would give you just as good results. 
MR. LARSON: And that was in the early days of molecular biology.

DR. DULBECCO: Well, it wasn’t yet called molecular biology because I remember just at that time, Jim Watson came to Max’s lab and in talking to him, discussing actually, he and I were discussing just this very point, that the molecular era was coming, that we should start thinking in terms of molecular biology. I tried to discuss this with Max. Max didn’t like that because it’s all premature. We didn’t have the things in our hands. You see, we had two different philosophies. It had to be very solid and attached to data and this new generation was looking forward, not backward, but forward as it should be, naturally. So, it developed nicely and Harry continued to do his work. Timmon went to Colorado where he still is. Now, that made me interested in human viruses and I somehow didn’t want to get involved in the system that was already used simply because as I said before, I’ve always had the inclination to take on a new system, something new that I can do from the beginning and do everything. See, that’s what I like to do. So, I was looking for another tumor virus. In 1959, there was Eddy and [Sara] Stewart NIH, NCI [National Cancer Institute] did discover a virus which actually in a way had been announced by other experiments before, but they were the ones who really put it out. The virus would produce tumors in mice. They called it polyoma because it made many different kinds of tumors. Polyoma means many different kinds of tumors. So I thought maybe I should look at this virus and I asked them and they sent the virus. Of course the first thing I did was develop a [inaudible] quantitation, that has always been a fundamental thing, because you can’t quantitate really, you can’t make advances. So I worked on that and succeeded in making good, a good system of plaques using mouse kidney cultures. It was slow and took longer time than all the others, but it worked. It was very producible and quantitative. So we adopted that. Then together with Margaret Fult [sp?], Margaret Fult was formerly an associate of Max Stavros, but then she was more interested in the virus work than some kind of bacterial genetics that Max was interested in at the time. So she moved to my lab and we were working together. She was very good at tissue cultures. She did not know before, but then she joined my lab and had to do it and became excellent. She was the best person to be able to grow cells in the lab. So we thought we should see whether we can obtain changes with this virus which would be similar to the changes that Harry and Howard obtained their virus in cultures. So we shifted to another item, to the hamster because it was known that this virus could make tumors in hamsters, but it would not kill hamster cells in cultures. So that seems to be the right system because if the cells are killed then it cannot make a tumor. So it has to be a system where the cells are not killed. So Margaret made the cultures from embryos, hamster embryos, infected them with polyoma virus to see if anything would happen. For a long time nothing happened. She kept religiously transferring these cultures, week after week, for quite a long time and nothing happened. Well then one day she came to me with a culture and said, “Look.” The culture was very yellow. Yellow is an indicator in the [inaudible]. The [inaudible] is phenol red, yellow means it’s acid. So it was high acid production. Tumors, cancer cells tend to do this. so that gave us an inkling that something is going on. 
MR. LARSON: That would be a low pH. 

DR. DULBECCO: A low pH of seven. It’s orangey at 7.4. At seven it’s yellowish and below seven it’s very yellow. So we looked at the culture and it was very dense, much more so than the control cultures. There were lots of cells in replication division which cut the culture in half. We decided that sure, these cells must be, we called it transformed, which means the tumor cells in vitro. So for the test, we decided to put them in newborn hamsters to see whether they would grow and make a tumor. So we did this experiment and within a month we had tumors. So we had now also a system for studying the same virus with the tumor-producing ability, the transforming ability as it was, in addition to quantitate the virus by the plaque [inaudible]. So that started now a very long series of work that lasted for a decade really. Now the first thing next that I was interested in was which kind of nucleic acid does this virus have. Is it a RNA or a DNA? The reason is the following, that this virus that Timmon and Harry worked with was an RNA virus, contained RNA and this was a difficult to see with Timmon’s idea, because the virus would establish some permanent association because the RNA and the DNA do not make association. We didn’t know of any case of association with RNA and DNA, making a kind of joint molecule. So we thought that we, it would be interesting to have a DNA virus which then this would be more likely to do this and would we be able to prove it. So I remember at that time I had an Englishman in my office, John Smith, was a very good biochemist, and so I asked him why don’t you look at the nucleic acid as well. We purified the virus good enough that we could make a determination. It turned out to be a DNA virus. So then I decided that’s the virus I was going to work with now. The first work that we did was to look at this DNA, to look at the properties of this DNA. I collaborated briefly with Jerry Donohue who was in the Chemistry Department. He was interested in nucleic acid there. He was a chemist, a physical chemist especially. One thing that he noticed is if you centrifuge the DNA, extracted from the virus, instead of giving just one band as you would imagine, it gave two bands. It wasn’t clear why. It seemed that the one band could be a double, like two molecules end to end. Actually I noticed at the same time, Jim Watson had done some work with papillomavirus, which is related to the polynoma virus. He had found the same thing, that the DNA gave bands and one seemed to be two molecules end to end. So that seemed very strange and I couldn’t understand how it could make two molecules end to end. So I thought there may be a different explanation for this. So what I did, I looked for another method for determining the size of the DNA. That was the time when [inaudible] had developed this column for DNA, which would be just made to size of the DNA. This would use a different principle for size DNA than [inaudible]. So I set up a system and we looked at these two forms with this system that did not look different. They looked the same. So by using one criterion, the molecules were twice as long, but the other criterion showed they were the same length. Obviously there was some structure reason, not confirmation reason, not length reason. So I started working and one of the things that I noticed very soon was that if I took the DNA and I used small amounts of DNA [inaudible], the form which seemed to be just one molecule, generated the one which seemed to be two molecules. Now, that’s impossible. If you cut something it can’t make two out of one. So, I proposed at the time, I did a number of experiments. My proposal was that this molecule was actually a ring, a circular molecule and that this molecule, I thought that the DNA would cut through the molecule and make linear. Therefore, as a linear molecule now would be in a sense go more slowly because sometimes it would be like this [hand motions] and sometimes it would be like this [hand motions], and every time it was like this [hand motions] it was slowed down. Whereas the round molecule, being compact, it would always go faster. It would go ahead of the other one, therefore it seems to be twice as big as the one that goes slower.
MR. LARSON: What molecular weight were…?

DR. DULBECCO: About 5,000, no, five million. Sorry.

MR. LARSON: Oh yes. Five million.

DR. DULBECCO: Five million.

MR. LARSON: So you used an ultra-centrifuge techniques to get those.

DR. DULBECCO: Yes, exactly. Sure. This was a time when Beckman had come up, [inaudible] before him actually, don’t remember his name, this ultra-centrifuge, you could run at 100,000 G’s…
MR. LARSON: Oh yes. 

DR. DULBECCO: …not the analytical, even the preparatory of the centrifuge, so you could take DNA and [inaudible] the characteristics of these bands. 

MR. LARSON: Oh yes.

DR. DULBECCO: In any case, [inaudible] proposal, unfortunately I had bad luck because I could have gone one step further. Namely I could have looked at these two molecules in the [inaudible] microscope because I had them pure and clean and the two kinds separate from each other. I tried to get people at Cal Tech to [inaudible] at the time to help me with that, but for some reason I could never convince him to do it. He had some other kind of problem anyhow. We never succeeded to do that, and then I kind of left the field, this particular field of nucleic acid because I moved to La Jolla [California].

MR. LARSON: Oh yes. What year was that?

DR. DULBECCO: 1963.

MR. LARSON: Oh yes.

DR. DULBECCO: So the thing remained unsolved, but [inaudible] in chemistry who initially collaborated with, he followed it up and he did the electron microscopy and could show that the two forms were both circular. One was circular and super coiled and the other one was relaxed. The DNA would cut one of the strands and the thing would unwind and become nice and round. It was a beautiful piece of work. So we are reaching now the stage when I came here. The reason I came here was interesting. I had many conversations with people like Jacques Monod and the physicist, what’s his name?

MR. LARSON: Szilard.

DR. DULBECCO: Leo Szilard.

MR. LARSON: Leo Szilard, yes.

DR. DULBECCO: And Jacques Monod and Jonas Salk had been talking to them with this idea of making this institute a different kind of institute. You know Jonas has always had wonderful ideas because he’s unconventional.
MR. LARSON: Oh yes.
DR. DULBECCO: He goes after ideas that nobody would go after simply because he sees them beautifully and he has the energy to follow them up, you see. So we thought of this institute and he talked, especially to these two people because he knew them, Jacques Monod and Leo Szilard and they were very much attracted. So Jacques Monod came and talked to me. One time he was in California and he explained to me this idea. He said if I wanted to come they would love to have me and that they were a small group and would start and we would chose each other and have a really congenial group and this was very attractive, very interesting, a new thing. You see, it was a new adventure. I liked new adventures. So I thought that attracted me very much.

MR. LARSON: Now is that about the same time [Jacob] Bronowski…

DR. DULBECCO: No, he came a bit later.

MR. LARSON: Later.

DR. DULBECCO: He was enrolled later, so to say, a little bit.

MR. LARSON: Szilard had already…

DR. DULBECCO: Yeah, the first group was Szilard, myself, for a while Seymour Benzer seemed that he might join us, but somehow he didn’t get along too well with Jonas…

MR. LARSON: Oh yes.

DR. DULBECCO: …and so he didn’t come. We had [Melvin] Cohn and [Edwin] Lennox, Ed Lennox. This was the initial group. A person who was temporarily involved and later joined us was Matt [inaudible] who was at Cal Tech, a very bright person. Bronowski in addition was made slightly after this group had come together because Jonas wanted, the whole idea of this institute would be that it would not be solely hard biology, but to be a broader, with some philosophy, or somebody interested in the philosophy of science. That’s why we got Bronowski. 

MR. LARSON: Yes, Bronowski is quite a philosopher, a historian.

DR. DULBECCO: A historian, that’s what he is, and he did very well. Especially, I think he is very good at explaining things.

MR. LARSON: Oh yes.

DR. DULBECCO: He did marvelous work as in this book [inaudible]…
MR. LARSON: …and with his television series.

DR. DULBECCO: It’s a master piece in this respect.

MR. LARSON: Yes. 

DR. DULBECCO: So anyhow, the group formed and the first year we didn’t have a lab here. I went to Glasgow on a sabbatical. We went to Glasgow and I spent a year there. During this year I continued to be interested in the polyoma virus and I had a graduate student of mine there, Fred, no, Mike Freed. He had just graduated, so he came there with me and we kind of tried to see what we could do. We followed several avenues. One thing that I tried to find out is whether, why do cells, which are infected by the polyoma virus, under certain circumstances are stimulated to grow. See at this time, biochemists started coming in. So we started thinking we should look at things like enzymes involved in DNA synthesis to see whether they would be, by chance, in fact, accelerate the formation of… So I started to concentrate on these enzymes and I made a [inaudible] there and near there were some competent chemists so I could ask for advice. I started making some [inaudible] and then got some evidence that something did happen. So then when I came here, I started seriously in that direction and I had a very good post-doctoral fellow whose name was Lee Hartwell. He became a very well-known yeast geneticist. He’s at the University of Washington. So together we started chasing some of these enzymes and I also started looking at what happens when cells are stimulated. I knew that lots of DNA is made in these cells. Which DNA is that? Is that viral DNA or cellular DNA? You would expect that the viral DNA might multiply; maybe there are lots of viral DNA made. So we set up a system, a system of columns that I talked to you about, which distinguishes size of DNA. Because the viral DNA had a very defined size where the cellular DNA is [inaudible], breaks up irregularly so it gives a broad distribution so we could distinguish one DNA from the other without having any specific marker, just a base of the uniform one and [inaudible] of the other. So we made an experiment that actually it immediately became clear that the DNA made in the cells was not viral DNA. Actually viral DNA didn’t replicate at all. It was all cellular DNA. So the virus caused replication of cellular DNA. Also we looked at the enzymes involved in DNA synthesis and the virus was stimulated in the center, in the formation of the enzymes. We followed two at the time quite well, I and Lee Hartwell. So it became clear that we had a new phenomenon in front of us, namely this virus which produced these important changes in the economy of the cell. So now of course, this question is solved, the next question comes up, what is that? The next question is how does it do it? The first real immediate question is what happens to the viral DNA when the viral DNA enters the cell? See, people tried to answer a question like this by looking at whether you can extract DNA, infectious DNA which could make a plaque from these cells, but you couldn’t. You could never extract infectious DNA. Similar to DNA [inaudible], but you know, this period, the philosophy I gained with the bacterial fascia made me weary of this type of interpretation because I thought well, I know one case where the bacteria fascia where something similar happens, but the DNA is not lost. It can be gotten back later. So, I had a number of fellows. There was a guy, a German guy. His name was Henry Westfall. He was again a very good biochemist, but he was a new kind of biochemist. These biochemists that look for DNA sequences. This was the very beginning. See, that was the time when Paul Doughty had shown, a few years earlier, he had shown that you could take DNA, a DNA double-helix, you can melt it, separate the two strands at high temperatures, and then you could [inaudible], lower the temperature and the two strands would get together to form a double-helix and if you took two DNA’s that had sequences in common, the sequences could [inaudible] each other. So that by using the system you could ask the question whether the viral DNA persisted in the cells. So what we did, we made purified DNA. We made it radioactive, because at the time we knew how to do that, and then we made this [inaudible] experiment with DNA extracted from the cells. In fact, the virus was there because you could see that it was positive [inaudible].  There wasn’t much, only one or two [inaudible] per cell.
MR. LARSON: Oh yes.
DR. DULBECCO: And we could show that this was there the whole time, no matter how long you kept these cultures going, the viral DNA was there. So there was permanent association as Timmon had in effect predicted long before. So we went, the next was to see how is it, is the viral DNA there, but is it incorporated, as the genes of the virus really incorporated into the genes of the cell to become the same molecule. We had to work hard for that because the idea was we should take the DNA of the cell and keep it as big as possible so as to then centrifuge it down, hoping to separate, if the two DNA’s are separate, separate the cellular DNA which should be heavy and go down to the bottom of the tube from the viral DNA which is smaller and would stay in the middle of the tube. Well there were complications of many kinds with that. The main issue was how to get the DNA of the cells intact. Extraction as was done at the time, we knew would break it down to maybe pieces of 20 million molecular weight and this is very close to the five million of the virus because the virus then has this component which migrates fast and migrates close to 20 million. So it would be very difficult to, especially to have a conclusive result, especially since the cellular DNA would be very heterogeneous. It would be an enormous majority, one million to one, you see. So we decided that was not the approach. So I remember I got a good idea talking to John [inaudible]. John [inaudible] was a biologist, radiation biologist and he was interested in measuring breaks in cellular DNA. The way, what he found to measure the number, even a small number of breaks, was to take a, put a gradient, a sucrose gradient so that, the gradient is made in order to stabilize a column of liquid. It’s very stable. So it would make this sucrose gradient at alkaline, at pH 12, then he would put the cells directly on top of the gradient. Now the cells integrated at a high pH and when they were integrated, he would centrifuge it down and then the cellular DNA remained intact [inaudible] but intact. So it migrated very rapidly to the bottom of the tube and it was quite uniform because there weren’t many breaks occurring under these conditions because there were no mechanical [inaudible]. So I thought we should adopt a system. When we did the experiment, we still had problems, problems like the separation wasn’t as good. It was already a considerable improvement over what I did before, but the separation wasn’t as good for other reasons because polyoma DNA in the completely intact form, when it is put in an alkaline gradient the nature, the strands separate, but remain intertwined. So they form a ball and this ball goes down very fast. So you see it completely separated cleanly. There was also a similar, the one dragged the other and the game, you know, it is always essential to talk to people. I learned this very early in my career. I remember talking to Sinsheimer, Bob Sinsheimer. He was at Cal Tech at the time.
MR. LARSON: Oh yes.

DR. DULBECCO: He is now at Santa Cruz and in explaining this problem that I had, he said, “Well, you know, maybe you should put more EDTA [Ethylenediaminetetraacetic Acid] in your medium,” a collecting agent, a heavy metal which tends to bridge. So I went back there and I said, “Okay, let’s put more of EDTA,” and when we did that everything worked beautifully. So the separation was accomplished. It was perfect and we had a big band of cellular DNA in the bottom and then we took fractions and we tested by hybridization. We tested with a probe for the polyoma DNA and it turned out that there was no polyoma DNA above and all the polyoma DNA was in the bottom together with cellular DNA. Then to make sure that that was the case, we took the DNA from the bottom and we put it in an equilibrium grade, which means a gradient where the density is equal to that of the DNA at certain levels. So the DNA would go, depending on its composition, would all be in a certain band and different compositions would be on different levels, to see if it still remained attached and they did. So that was conclusive evidence that the DNA was integrated.
MR. LARSON: These are fascinating techniques of being able to get these separated out into bands.

DR. DULBECCO: Sure. 

MR. LARSON: …centrifugal force, it’s a whole new…

DR. DULBECCO: Well it was, but not anymore.

MR. LARSON: …not anymore. It’s really spectacular.

DR. DULBECCO: This has been superseded then by other things, but you see, this I think was one of, my fault really that I always looked for the latest technological advance because you know, and that’s really what determines everything. The better technology, you get results which you cannot get with the worst technology.

MR. LARSON: Yes. 

DR. DULBECCO: You have to use the good technology. So I am very keen on that and it always paid off. So then we continued to work, tried to achieve the ultimate result and the ultimate result would be to show that the virus, the viral DNA could be recovered and could give rise to a virus again, see if it was there and intact, it seems to be you can redo that. In fact, we did succeed, that was a different type of experiment that I did because I had the opportunity. I had in my lab somebody who came from Harris Laboratory in Knoxville. Harris and this guy had shown that you could fuse cells, fuse two cells using a virus as a fusing agent so that you could make a hybrid cell. What we thought, we would take these hamster cells in which the virus cannot replicate because something is missing, which is needed for the replication of the virus, and mouse cells which we know the virus can replicate, fuse them together and see whether this hybrid would now produce the virus. We did this experiment and in fact it worked. So we had the evidence not only that the DNA went in, became integrated into viral genome, but was still there and could be taken out, and again rise to an infectious virus. So in effect this kind of completed the cycle of experiments. So it was a tremendously exciting time. I remember that the conclusive experiment to show the integration was done. I had to go to Cold Springs Harbor for a meeting and Joe Sandberg who was the main person in running this experiment, Joe Sandberg was left there to finish the experiment. It was the last experiment that showed, the buoyance experiment, and he was suppose to send me a cable to say what the result was because I was going to talk about this result. The meeting went on for a few days and I didn’t get any information. I thought maybe the experiment doesn’t work, but the day I was suppose to give my talk, just half an hour before the time came, a telegram arrived showing that it worked. (Laughter)
MR. LARSON: Remarkable. That’s remarkable timing. It must have been very dramatic when that telegram came.

DR. DULBECCO: Oh yes, but we had lots of fun.

MR. LARSON: Yes.

DR. DULBECCO: So really now in the end, essentially at the end of the work we did in this field we, let’s see, I went to London. Now we’re in ’72. ’72 I went to London because now it seemed to me that I had done so many interesting things and good things in this field of the polyoma virus that either I went beyond, acquired all the new technology and the problems were not as well defined any more. It would be a tremendous effort for something which I didn’t see clearly where I went, you see. So I decided that I worked for so many years in cancer research, avoiding cancer, that I should maybe take a look at some real cancer.

MR. LARSON: Oh yes.

DR. DULBECCO: So I went to London with the idea that, this place called the Imperial Cancer Research Fund, Imperial Cancer Research Fund. They have a laboratory in the center of London, just in Lincoln’s Inn Fields, which is just in the center near the law, you know the Lincoln’s Inns, and I went there. The reasons I went there, one of the reasons I mean, is because they have a unit at Guy’s Hospital. They support a unit at Guy’s Hospital which was dedicated solely to breast cancer. Somehow or other I started working with breast cancer and the reason for that is kind of emotional because Seymour Benzer’s wife developed breast cancer.
MR. LARSON: Oh yes.

DR. DULBECCO: It was [inaudible] following it everything was so difficult, diagnosis, prognosis, treatment, everything was so nebulous that I really felt that it needed attention. So I thought well, I would work in that field. So I went there and I didn’t give up entirely the work on the viruses. I actually did in London make some interesting, a few other interesting contributions in the direction of first of all, how does it cause the cells to be changed. So the question is: are the genes expressed? Which genes? We could show that genes are expressed and we showed which given structure, the viral DNA we could guess which part and we could show which part would be the one. In fact, [inaudible] correct. So we did that and then we started to look at the proteins. Which kind of proteins are made by the virus? We knew that there are new proteins because they could be detected by using antibodies and we tried to isolate it. We did isolate and we actually showed that the region was thought to be one protein, but in fact there are two main proteins. By combining the effect of certain mutations with the findings, the molecular findings, we did make the proposal that the main protein for transformation was the one which is called the little T antigen. T is tumor. So the tumor antigen, the genetic name for this protein. There is a large one and a middle one, but there is also a small one, but the two main ones are the large and the middle ones and we made the proposal that the middle one was the essential one because we could trace it. First of all, you could trace it into the cell membrane. I always felt that the cell membrane is important in all these events, and second, that we had mutants, mutants which it didn’t transform. This didn’t make this middle T. So there was a very strong correlation. So this proposal turned out to be correct again, because later on by other means this was confirmed. So we did still some nice work in that direction, but I personally got more involved in studying breast cancer and in the beginning I had to learn lots, which I didn’t, of course it was a completely new field. I spent five years in London and then came back here. When I came back, again to Salk, I continued in that direction and I, there I took a new direction which was, came out of meeting actually. Armand Hammer… 

MR. LARSON: Oh yes. 

DR. DULBECCO: …the great [inaudible] is interested in cancer, has always been for a long time and he, some years ago decided to support some workshops here at Salk on specific subjects. In the beginning and I having been involved in this very much, closely in that, in the beginning we concentrated on monoclonal antibodies which, you know what an antibody is? Inject a cell [inaudible] get an antibody made in the serum, but antibodies are made by cells of the fatty system which are in the spleen, and the lymph nodes and each antibody, each lymphocyte makes one antibody. If you take the whole serum, there are a hell of a lot of different antibodies because there are lots of lymphocytes making them. So the idea of these [inaudible] has been to isolate one lymphocyte, fuse it with a cell of a tumor of lymphocyte, a myeloma which then the hybrid cell would become immortal. Then this cell would continue to make the antibody made by the lymphocyte. See, the lymphocyte, you couldn’t grow it. You couldn’t get a population of lymphocytes, but this way you get a population which produces the antibody and then get the antibody in large amounts. So this is the monoclonal antibody. I adopted this technology to study breast cancer more in an experimental way, beginning in rats, induction of chemicals and then to see what are the cells? Which kind of cells? That has been my goal. To define the cells from which a tumor develops and then characterized because it seems to me that whatever you want to do, chemotherapy and so on, unless you know precisely what the cells are, you’re not going to do anything serious. So I’ve done that. I’ve worked for a few years with the rats and we worked out all the normal cells in the mammary gland of the rats, using a variety of monoclonal antibodies. It was lots of work because you had to make thousands of these antibodies and then only one or two are useful, but once you have them, they are precious, really wonderful. So I think now we understand the rat system completely well. I think both in terms of normal development and the tumors, where the tumors come from, and relation of tumor development. So this has been quite good and now I am working mostly with human breast cancer, again using the same approach in which we make monoclonal antibodies and we have interesting results which are still in a kind of, still lots of work to be done, but they are interesting in two ways. First of all we have reagent which can recognize breast cancer with respect to any other cell in the body. This is particularly very important because the diagnosis, you have a tumor and it is known to all where it comes from, known to all who have breast cancer, you have one of these.
MR. LARSON: That’s a great tool for diagnosis.

DR. DULBECCO: It is a great tool for diagnosis. So we have a few now that behave like this and they are widely used now by pathologists to try to… The other thing that is interesting because they detect some molecule, one of them at least detects a molecule which is made in the fairly early development of the breast in women, and then disappears, but the cancer retains it. It connects the cancer to an early stage of development and this explains why, whether a woman has a pregnancy at a young age, or late age and makes it different, or whether she will have breast cancer or not. This you see these events are separated by 30 years, but the molecules that are present in these early cells are present in the cancer and later on they are not present any more. So we try to understand what this means. Another point which has been opened up by this work is the following, that in the breast there is lots of what is called benign breast disease, which have various names. Things that are nodes that form, and most of them have no consequences and we have noticed that some of these have markers of malignancy. Some have these markers of the early breast cancer, although they may appear in older women and some may appear as the other marker which is more strictly a marker of malignancy. So we don’t know, see. Maybe we have a tool by which we might be able to tell given, examining one of these nodes and the woman doesn’t have breast cancer, whether this woman is going to have breast cancer, but this of course is something that is going to take time because you have to…
MR. LARSON: Oh yes. It’s a long process and very difficult.

DR. DULBECCO: …you have to follow up with people, you see…

MR. LARSON: Yes. 

DR. DULBECCO: …and following up with people is not so easy and tests have to be done by pathologists in hospitals. We don’t have a hospital here, but I’ve established connections with a variety of people who are interested, and this work being done is following up and is taking place so we hope that we will find out. And that is all I have to tell you. (Laughter)

MR. LARSON: Well that’s fine. This has been a marvelous story, however I would like to pursue one little point, one other point and that is in a recent issue of Science, you put forth a very novel proposal and I was wondering if you could comment on that briefly because that has…

DR. DULBECCO: Again, see, this comes from my perspective in cancer research. In cancer research, the recent, there have been tremendous achievements in recent years. One of which is the discovery of oncogenes which are genes in normal cells which when something goes wrong, they become cancer genes. Now when oncogenes were discovered it was perhaps thought that they would answer the problem of cancer because it would explain the mechanism, but now that we have followed this thing for a number of years, we are more increasing convinced that that is not the case. Namely they give us an important clue, but there are lots of mysterious things happening in addition to that. The thing that seems to be most mysterious is the sequence of events that happens between the beginning of a cancer and the final expression of a malignant cancer. The evidence that we have tells us that probably the oncogene is not what is involved. There are other genes involved. So my question is how do we get to these other genes? In effect, I am making an experiment to try to get to these other genes. There are many different approaches, but what we hit against is the ignorance of the human genome, all the time. See, the way we do, everybody does a type of experiment is this, we had to start from a phenomenon, an effect. For instance, we can compare a normal cell and a cancer cell and we find that the cancer cell is protein which a normal cell doesn’t have. Okay, now we can hunt the gene which makes this protein and we can go back to the gene. Its lots of work, but usually people succeed in doing it. Now then we have to find out what this gene is doing, whether the gene is, how it is involved and this is always difficult, but you know, there are only so many things that one can do. Usually the process is this way, from the periphery, the phenomenon to the gene. Now in cancer research, this approach in effect is not possible for the following reason, that a cancer because everyone studied the advanced cancer, not the beginning, not what happens in the tissue culture, you want to study the real cancer, and the real cancer cannot be transferred into a tissue culture because the real cancer is enormously heterogeneous, is made up of cells with such different arrays of properties, that if you make a culture which may come from one such cell, okay, you have one cell, but what about the other 50 different types? You know nothing about those.
MR. LARSON: Oh yes. It’s complicated.

DR. DULBECCO: You cannot, we see the futility of using the cancer itself because it’s so mixed, it’s hundreds of different things. You can’t get hundreds of answers. You get no answer. So that’s why the, I developed the idea that the work should proceed in the opposite direction, namely that we should start from the genes, have all the genes, then we could ask the question is gene A, gene B, gene C, expressed in this particular cell because this we can do microscopically. See, we can make, once we know the gene we can make a probe for the gene. We can go and hybridize the same principle that I described before, except that you can do it on a cell and then see whether the activity is present in that cell or not. So in this way you could trace any gene that you could think of to see where it is expressed [inaudible]. So in this way you could do the following thing, and in effect, this problem of cancer is also related, intimately related with the problem of development, which is the same thing because an organism is heterogeneous. It is not made up of one cell type, and again if you want to understand about genes the importance in development, this approach to start from the phenomenon and going back to the gene is very difficult. It would be much better to start from the gene and going back to the effect. So my proposal for this, and I make my proposal without consideration of time or cost, you see.

MR. LARSON: Oh yes.

DR. DULBECCO: We should first know all the genes in the human genome and I specify that I think it should be human genome and not the mouse genome because in cancer, it is very different whether you consider human cancer or mouse cancer. So in addition we are interested in human, man instead of mice. Mice, we are interested in mice only as though they can help us understand man. But why don’t we go directly to the human genome and do that, after all it will be just as difficult to do a mouse genome. There is not really a great difference. There could be other ways, but for this main purpose there is not. So that’s what my proposal is. We should try to sequence the whole human genome and then once we have this 250,000 genes that exist in the human genome, we have all the probes. Then by being astute and understanding lots about how genes are organized, we might be able to see genes which are related and therefore are probably controlled in the same way. If they are controlled the same way, it means it’s expressed in the same cell. Using these guesses, trying to fish out genes and then go by the [inaudible] method and see whether they are expressed in the cell. So by then, it kind of makes a catalogue which genes are expressed in which cells. If we have that, then we can really go to cancer because then with breast cancer, okay, I know that a certain normal breast cell A has this catalogue of genes, B has this other catalogue, C has this other catalogue, so now I can look at the breast cancer and see which genes are expressed and if two cells side by side, express different genes, it doesn’t bother me because I use the reagent [inaudible]. I say, okay, there are so many cells that express this, and so many cells that express that, and so on. In addition, see, once I have the genes I can do the real crucial experiments because I can take cells, or human cancer which will grow in mice, and I can see whether I can use a reagent which would neutralize this, the actual certain gene and if that gene is important for the final stage of cancer, I should be able to make the cells into a, the cancer cells into normal cells. See, there is an approach of so-called negative strand RNA, by which you synthesis an anti-gene so to say and this anti-gene RNA goes through the cells and prevents the actual normal gene. This has already been done in a number of cases. The system requires improvement, but it works. It’s already been shown that it works. So using this, you can ask the question whether the effect on the action of the gene is the one that makes the cell transform to the cancer malignant. You can do the experiment. You can take the gene and put it into a normal cell and see whether this will make another normal cell, and how many normal genes it takes to achieve this result. See, you can do everything. Having this opportunity, then, this whole question of [inaudible] becomes, see many new approaches appear, because first of all then we know what the gene is. Once you know what the gene is, you can find out what it does because you can put this gene into a system in vitro and can make the proteins and find out what proteins it makes and test for even the function of the protein family, but the effect is the function then gives you the antibody protein. Once you have the protein, you make an antibody against the protein and then you can trace the protein all over the body and find out how it works and what it does. It opens a whole new world.
MR. LARSON: Oh yes. That kind of knowledge of course has applications not only to cancer, but also to all kinds of…
DR. DULBECCO: No, certainly. It can go all over the place.

MR. LARSON: If that kind of knowledge existed, it would add a tremendous amount. 

DR. DULBECCO: Now the real problem, I’ve already talked to a number of people in this respect, and everybody would like to have this information. 

MR. LARSON: Oh yes.
DR. DULBECCO: But everybody is a skeptic about whether we should do it because it cost too much.

MR. LARSON: Oh yes. 
DR. DULBECCO: It’s such a big enterprise. That’s really the main thing. Of course it’s going to take a long time.

MR. LARSON: And who’s going to pay for it?

DR. DULBECCO: Yes.

MR. LARSON: Well it needs a dedication for a long, long experiment. As a matter of fact, your suggestion of doing it on an international basis…

DR. DULBECCO: Sure.

MR. LARSON: …has great merit.

DR. DULBECCO: I think it should be done this way, but it should also be done in a kind of industrial way because in effect, it’s a boring thing to do that. The interesting thing is not to do it. The interesting thing is to have the sequence and then use them, but to do it is boring. You would have someone who does this because it’s their job, not because they like to do it. 

MR. LARSON: It takes, as they say, it takes dedication and someone has to devote 20 years of their life.
DR. DULBECCO: Probably not. I think it, technology is improving so rapidly that I have absolute faith in the improvement of technology. I have seen through my life it coming along so much that I have faith that it will come. That the only question to say to the world, we need this technology being developed and then all these people like Beckman, and all the others who, it’s their profession to do it, they will do it and come up with the answers because it’s their money. They make money on that. So the things go hand in hand.

MR. LARSON: Fine.

DR. DULBECCO: I think if there was a commitment and somebody came up with the money to do it, I really would bet anything that in less than 10 years this would be accomplished.

MR. LARSON: Less than 10 years?
DR. DULBECCO: Oh absolutely convinced, even less.

MR. LARSON: That’s tremendous…

DR. DULBECCO: Yeah, but you know with the information we have now and the computer help to follow up on all this mass of information, you know…

MR. LARSON: We really have the tools that we didn’t, certainly didn’t have 20 years ago.

DR. DULBECCO: That’s why I came up with the idea because the time has come. 

MR. LARSON: Well that’s a wonderful exposition and I hope that this idea of yours will catch hold because it would make a tremendous contribution to mankind. 

DR. DULBECCO: I’m sure there will be lots of discussion. I’m convinced it will catch hold, maybe not immediately, but in time and it will. It takes discussion and time to think. Discussion is very important because then your points become more precise and with developments in technology, the questions that you want answered become very precise also. So discussion is essential.

MR. LARSON: Well, fine. Thank you very much, Dr. Dulbecco.

DR. DULBECCO: Sure.

MR. LARSON: This has been a wonderful exposition and will make a real contribution…

[End of Interview]
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