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DR. JUKES: I will start out by saying that I was born in Hastings, England, and spent my early years there, up through high school and I became interested both in biology and chemistry during those years. I use to spend quite a bit of spare time wandering in the fields and woods, botanizing, collecting insects, looking at birds. In the evenings, I took extra courses in chemistry in addition to what was given to me at the high schools. So, then when I was 17 years old, I decided to immigrate to Canada. 
MR. LARSON: You had already finished your high school education?

DR. JUKES: I finished my high school education, yes. Rather than attempting to enter the university in England, I decided to go to Canada. This is a tradition, of course, in England for young people to immigrate. So I did that and I went to Canada and worked on a farm for a year in Ontario.

MR. LARSON: Oh yes. 

DR. JUKES: That was a hard life, but it was a great education too, because I saw how people subsisted on the land. 

MR. LARSON: In order to live off the land under those very difficult conditions, Canada is not the ideal place for agriculture as far as the luxury in the top soil and the climate and everything else. 

DR. JUKES: Well, actually, I was in the most fertile and best climatic part of Canada, which is in southwest Ontario, near Michigan. That is very fertile soil and the people there grew all kinds of crops. They grew corn, tomatoes, and, of course, grain, such as wheat and oats, alfalfa hay. So it was mixed farming. The farm that I was on cut their own wood from their wood lot and split it and used that as a source of fuel to heat the house in the winter and also for cooking.

MR. LARSON: Yes. That made it much more difficult than getting it from a gas line or the oil tank.

DR. JUKES: Yes. The only use of oil was in the, they did have a [inaudible] tractor and that burned kerosene. Riding that was much easier than swinging a hoe or driving the horses. I rather enjoyed that.

MR. LARSON: Right. Fine. So you spent over a year then.

DR. JUKES: I spent a year there and then I went to Detroit and immigrated into the United States in 1925, and went to work to save some money to go to college.

MR. LARSON: Oh yes.

DR. JUKES: I worked in various factories in Detroit. Some of them were 12 hours a night and that was a good way to stay out of mischief. They paid quite well in Detroit, 70 cents an hour, which was a high wage in those days and I saved enough money to start going to college and I enrolled in the Ontario Agricultural College in Guelph, Ontario.

MR. LARSON: Oh yes. So that’s where you got your undergraduate education. 

DR. JUKES: That’s where I got my undergraduate education, yes, and it was a very broad education because we all had to take a variety of subjects, entomology, botany, zoology, agronomy, animal husbandry, and I majored in chemistry. We took bacteriology too.

MR. LARSON: Oh yes.

DR. JUKES: I developed my interest in chemistry further there and more toward biochemistry. When I graduated from Guelph, I was offered a graduate fellowship at the University of Toronto Medical School, majoring in biochemistry. So I went there for three years in the Department of Biochemistry, University of Toronto Medical School and I received my Ph.D. degree in 1933. 

MR. LARSON: Oh yes.

DR. JUKES: I had devoted my time there to the study of proteins and also to immunology as research topics. 
MR. LARSON: That was more or less in the earlier days of immunology, I guess.

DR. JUKES: It certainly was. The one thing that we did was show that immunity could pass through the egg, both in chickens and ducks. If you immunized a duck against diphtheria, the ducklings carried the diphtheria antitoxin that came to them through the egg.

MR. LARSON: That’s very interesting. That does not take place as readily in mammals, or does it?

DR. JUKES: It takes place to some extent in mammals, but not as readily as it does in birds because there is a protein that gets from the bird’s blood into the egg yolk. Then in 1933, I was offered a postdoctoral fellowship at the University of California in Berkeley with Professor [Carl] Schmidt and it was there that I met Dr. Clarence Larson, who is interviewing me today. 

MR. LARSON: Yes, those were, Berkeley was a very fine place for anyone interested in proteins. I was interested in the physical chemistry, proteins and amino acids. So that was a very fine place to be.

DR. JUKES: It was indeed. Unfortunately, this was in the depth of the Depression. I expected my postdoctoral fellowship which was funded by the National Research Council to last for three years, but at the end of the first year, they told me that it would not be renewed. So I had to look for another job. I found a job in the Department of Poultry Husbandry at Davis, the University of California, College of Agriculture. There I continued my work more in the direction of nutrition because my interest in nutrition had started at Guelph. We knew that chickens needed vitamins, but all the vitamins had not been discovered. It was not possible to obtain survival of chickens on a purified diet, though there were lots of vitamins undiscovered to hunt for. I started to hunt for them at Davis.

MR. LARSON: Oh yes. So that’s where you had your first intensive work then with vitamins.

DR. JUKES: Yes, it is. One thing that we found out was that chickens needed riboflavin, one of the B vitamins which was, not much was known about it then. It was not known to be needed by human beings for example. It was known to be present in egg whites. It gives that greenish tinge to egg whites. We obtained small amounts of pure riboflavin in 1935 and showed that it was necessary for the growth of chickens. It seemed like a very trivial observation at the time, but actually riboflavin was supplied to chickens by feeding them dried skim milk and alfalfa meal. Today, the entire milk production of the United States would only supply a fraction of the riboflavin that is consumed by chickens in providing poultry meat for today’s United States of America.
MR. LARSON: So it’s one of the dominant requirements in our whole poultry industry.

DR. JUKES: It is. Of course it was synthesized and is available now at a few cents per gram, so nevertheless we were the first to show that pure riboflavin produced growth response in chickens. 

MR. LARSON: That’s a fascinating story because at the present time, poultry is our most economical and popular source of meat.

DR. JUKES: That it is and now riboflavin only costs a few cents per gram, but when we first purchased riboflavin for use in our experiments, it cost over $300 a gram. 

MR. LARSON: Well, that shows the progress of chemistry.

DR. JUKES: Indeed, it does, yes.

MR. LARSON: That’s a very fine example of this. This was done at Davis?

DR. JUKES: This was done at Davis, yes. Then we started to look for other vitamins needed by chicks. We found that they developed a scaly dermatitis of the mouth and beak and grew slowly and their feathers broke off on simplified diets, even though riboflavin was added. So there was something else needed. The condition looked like human pellagra, which was a disease of human beings that caused great suffering in the southern United States. So we thought that maybe if we solved the problem for chicks, we could also solve it for human beings. We hunted and hunted for sources of this substance we called the filtrate factor that would prevent the disease that the nutritional deficiency disease in chicks. While we were doing this it was discovered at the University of Wisconsin that a well-known substance, nicotinic acid, would prevent black tongue in dogs, which was similar to pellagra in human beings. A few weeks later we, in collaboration with people in Indianapolis, [Samuel] Lepokovsky, who was also in the poultry husbandry department, Lepokovsky and I were co-authors of a paper with the group in Indianapolis, showing that nicotinic acid would promptly cure human pellagra. So the human pellagra problem had been solved. Soon after that they started closing some of the mental hospital wards in the southern United States because pellagra produces a form of mental disease which disappears when nicotinic acid is added to the diet.
MR. LARSON: I hadn’t heard of that link between pellagra and mental disease.

DR. JUKES: Oh yes. 

MR. LARSON: It’s very important factor. As soon as pellagra was wiped out, as a side effect, you cured a good many of the mental problems patients had.

DR. JUKES: Yes, we did. That work was carried out by various clinicians of course in the hospitals in the southern United States.

MR. LARSON: Let’s see. Then was nicotinic acid then also synthesized and made, or did it have to come from natural sources.

DR. JUKES: It was synthesized. Synthesis had been known for many years. It can be prepared by oxidizing nicotine. 
MR. LARSON: I see.

DR. JUKES: But it has no relation to nicotine pharmacologically.

MR. LARSON: Yes.

DR. JUKES: Of course, [inaudible] and it’s called niacin.

MR. LARSON: Oh yes.

DR. JUKES: So as to get away from the name nicotine, you see.

MR. LARSON: Yes. I know we buy it in the form of niacin in the pharmacy. It’s very cheap.

DR. JUKES: Very cheap, yes. 

MR. LARSON: It’s synthetic. What is it oxidized to? The carboxyl group, or…?
DR. JUKES: It oxidizes to the carboxyl group, yes.

MR. LARSON: Fine. 

DR. JUKES: So that left us still with the problem unsolved about the chicken requirement for what we call the filtrate factor. 

MR. LARSON: Oh yes.

DR. JUKES: We still had to identify that. Then I read about some work at Oregon State College by Professor Roger Williams, on an unidentified growth factor for yeast cells. He found that he could not culture yeast without this unknown substance. He gave it the name panathenaic acid. This seemed to me similar in its described properties to the filtrate factor that was needed by chicks. So we tested some of his panathenaic acid concentrate that he prepared from liver on baby chicks that were almost on the point of death from filtrate factor deficiency. I never will forget this occasion because I gave the solution to them by pipet up in Davis on a Friday afternoon. I came down to Berkeley for the weekend. When I returned on Saturday night, those chickens that looked like they were about to die on Friday, were walking around the cage and they had filled up their stomachs with food and water. They were on their way to recovery. 

MR. LARSON: That’s such a traumatic discovery to find. That was quite a detective piece of work there in which you, because the connection between the factor in the yeast and one of the necessary factors is not very obvious.

DR. JUKES: It wasn’t very obvious at all. At the same time, the group at the University of Wisconsin made the same discovery. So we published in the same issue of the Journal of the American Chemical Society in 1939. 
MR. LARSON: That’s fantastic that those discoveries came together like that.

DR. JUKES: Those were exciting days because you never know when someone will beat you to it.

MR. LARSON: Well, fine. Those were, those developments were tremendous contributions in such a short period of time. 

DR. JUKES: Those were the golden days of nutrition research. 

MR. LARSON: Oh yes.

DR. JUKES: Then there was another vitamin called vitamin B-6 that was isolated at about that time by several groups of research workers. It was needed by chicks too. I found that on a purified diet without vitamin B-6 that baby chicks developed convulsions. These convulsions did not appear when vitamin B-6 was added to the diet. Now, that didn’t seem like much, but convulsions in infants, in babies have been recorded on milk formulas. These milk formulas have been heated so that the vitamin B-6 had been destroyed. So this was the clue to preventing convulsions in infants. Of course after that, by adding vitamin B-6 to the infant formulas, and the infants didn’t get convulsions anymore. 

MR. LARSON: That’s a fascinating development there. It extends over a broad range of application.

DR. JUKES: So we were still thinking about panathenaic acid, what it was. We knew that it was present in yeast. Then…

MR. LARSON: Incidentally, was that also synthesized later?

DR. JUKES: Yes, it was. That was synthesized in 1940…

MR. LARSON: Oh yes.

DR. JUKES: …by chemists at the Merck Laboratories in New Jersey.

MR. LARSON: Oh yes. 

DR. JUKES: They found that it consisted of two parts. One was the amino acid, beta alanine, and this was shown by Dr. [Harry] Weinstock who worked with Roger Williams at Oregon State University. The other part that was identified, but it was the lactone of a hydroxyl acid. Strangely enough, this lactone was a known substance. It had been described in Bioschtine [sp?] and it was identified by the group at Merck. They showed that the lactone was coupled with beta alanine, they got panathenaic acid. So it seemed as if that was the end of that trail and that the chemical giant Merck and Company had beaten us out. But we didn’t know when to quit. A young organic chemist named Sydney Babcock and I decided that we would try to synthesize panathenaic acid too. To do that we had to borrow a tank of chlorine from the university swimming pool because there wasn’t any chlorine in the laboratory. So he made the lactone. He put them together in [inaudible] solution, lactone and beta alanine and the result was panathenaic acid. We published that synthesis in the Journal of the American Chemical Society in, I think it was, May 1940. We found ourselves in competition with Merck and Company, with Research Corporation, and with Hoff and [inaudible]. So a patent interference was declared and there were hearings held and we obtained a share of those patent rights for the University of California. Of course, it was decided to make a three way split on the patent rights. 
MR. LARSON: So you were able to get the patent rights as a result of your work for the University of California.

DR. JUKES: Yes, primarily the work by Babcock was awarded the patent, not the patent rights, but a share of the royalties by agreement with the others. So that brought the University of California one of the first substantial revenues from an invention by faculty members.

MR. LARSON: Well, that’s a very fascinating story. I think the University of Wisconsin as a result of [Harry] Steenbock’s work had established a rather nice source of income.

DR. JUKES: Yes, I read in the Science, just this afternoon that the Wisconsin Alumni Research Foundation brings in $11 million a year of revenues to the University of Wisconsin.
MR. LARSON: I had no idea it was anything like that, but that’s…

DR. JUKES: That started with the Steenbock patent on vitamin D. Then we went to work with the assistants of a grant that was given to us by Dr. Frederick Cottrell. He was the man that started the Research Corporation. He invented the Cottrell precipitator and he used all the royalties from that to support research. He supported Ernest Lawrence in his early days. He was able to keep Ernest Lawrence going by giving him grants like $400 to make a small cyclotron. He gave us a small grant at Davis. I think it was about $3,000. That was the first research grant we ever had. With that, Sydney Babcock and I went to the University of Illinois at Urbana, to see if we could find an organic chemist to work with us. We found one named Bernard Baker. He was the only graduate, Ph.D. graduate from the University of Illinois, who was available for a job at that time. So we hired him. I’ll tell you more about him later. His nickname is Bill, Bill Baker. Now, my work in vitamins had attracted a good deal of attention from pharmaceutical companies in the east. Merck and Company offered me a job. The Squib Laboratories offered me a job and Lederle Laboratory in Pearl River, New York, offered me a job. I decided to go with Lederle because I thought the opportunities there were good for continuing further vitamin research, which was getting to be kind of big time research by then. I could no longer operate out of a shack at the back end of the Davis Campus. 
MR. LARSON: Oh yes. So that gave you facilities and backing, laboratories and assistants to really carry on your vitamin research then.

DR. JUKES: Right. So in 1942, I went east to Pearl River and there I met and married my wife, in 1942. Shortly after that, I was given a research group. We had to wait until the end of the war before we could really get started. We started in 1945 in an old barn on the Lederle Laboratory property until a new building was finished. I hired a young biochemist, physiologist from Berkeley. His name was Alfred Franklin. He had received his Ph.D. from Professor Chekhov [sp?].

MR. LARSON: Oh yes. A very famous physiologist.
DR. JUKES: Famous physiologist, yes, and Bob Stokstad transferred to work with my group. He had just succeeded in separating and isolating folic acid, another B vitamin. He, in collaboration with other workers at Lederle Laboratories, showed the chemical nature of folic acid and synthesized it. That was completed in 1945. Once folic acid had been synthesized, there was the  possibility that chemical molecules similar to that of folic acid might be useful in the treatment of diseases, along the lines of the sulfonamides, sulfa drugs because the sulfa drugs will kill pathogenic bacteria without harming the host. That is the essential nature of a useful chemotherapeutic substance. That was a fascinating story because that was an accidental discovery of a chemist named Delmark [sp?] in Germany was testing all the dyes he could get his hands on to see if they would protect animals against bacterial infections. He found a red dye called prontosil would keep mice and rats alive if they were infected artificially with staphylococci and streptococci. But it wasn’t the dye that really did the job, because the dye would not kill bacteria in the test tube. The dye was changed in the animal’s body to a simple substance called sulfanilamide.
MR. LARSON: About as simple an organic compound as you could imagine.

DR. JUKES: Indeed it is. It’s just a benzene ring with SO-2 at one end and NH-2 at the other. 

MR. LARSON: I had heard that prontosil that, this is probably not true, the story that they, Domog [sp?] had actually discovered it. It was sulfanilamide and put the dye on to camouflage it from the others to be able to patent it, but I think that’s probably…

DR. JUKES: It’s the other way around.

MR. LARSON: It’s the other way around.

DR. JUKES: The other way around. It was Domog who tested the prontosil and it was some French chemist named Trefoil [sp?] who found that it was the sulfanilamide that was the active part of the molecule. It wasn’t Domog. Now this showed that sulfanilamide, a simple molecule, was doing something to bacteria that it didn’t do to human beings. What it did was it prevented the bacteria from making folic acid. 

MR. LARSON: Now that’s the mechanism.

DR. JUKES: That’s the mechanism. Now why was it harmful to human beings? Very simple. Human beings do not make folic acid. They have to get it from their food. Therefore sulfanilamide is harmless to them because they are not making folic acid. They are eating it. So that was why sulfanilamide was a magic bullet which could kill bacteria which was harmless to humans. Then a remarkable discovery was made by Bob Stokstad at Lederle Laboratories with folic acid. He found that the folic acid molecule contained paraminobenzoic acid. 
MR. LARSON: That’s amazing.

DR. JUKES: So what was really killing the bacteria was folic acid deficiency. Now folic acid had been known since 1932 as a necessary substance for the production of blood cells, red cells and white cells. This was shown by a woman physician in India, that women who were pregnant developed folic acid deficiency, which was unidentified then, of course. It was called the Wills factor and they could be cured by giving them yeast. So there was something in yeast which prevented anemia. It was also, in the deficiency, the white cell count went down. So we thought that if folic acid deficiency produced a drop in white cells, then by making a substance that would reverse or antagonize the effects of folic acid, we could possibly treat leukemia. 

MR. LARSON: Oh yes. Fascinating.

DR. JUKES: So with the help of a group of chemists at American [inaudible], Jim Smith, Donna Coslitch [sp?], Doris Seger, and Martin Holquist, a program was started to help make molecules like folic acid that would interfere with this action. The first compound that they made did the trick with rats. It took their white count down to almost zero. Now that is a remarkable effect, but that didn’t make the substance useful because benzene will do that. Toxic substances will do that, but in our experiment, we found that if large amounts of folic acid were added to the diet, then the rats were normal. 
MR. LARSON: That’s a fascinating development.

DR. JUKES: This observation was made by our young chemist, Alfred Franklin, when he was 29 years old. I remember to this day, his excitement and he was pulling me to the microscope to look through it at the slides showing this effect.

MR. LARSON: That was a dramatic moment.

DR. JUKES: It was a dramatic moment, yes. Of course, we hoped that we had a chemotherapeutic compound to be used in cancer. It didn’t turn out that way. This first folic acid antagonist was tried by clinicians, Dr. [inaudible] and Dr. Welch on leukemia patients. It didn’t have much effect.  Then something else happened. Our chemists made another folic acid-like compound and this had one simple change in the molecule. They substituted an amino group for a hydroxyl group on the pyrimidine ring on the left-hand side of the molecule. That substance was called aminopterin. It was four-amino folic acid. It was so toxic that when we fed it to mice, they all died within a week, even when we only gave them one part per million of diet. 

MR. LARSON: That’s amazing and what’s the mechanism for that?
DR. JUKES: Aminopterin has such a great affinity for one of the enzymes in the folic acid system that it blocks it entirely. So this was indeed a substance that could be used to treat leukemia. It was successfully used to treat leukemia temporarily in infants, by workers of the [inaudible] Institute in New York, and my daughter Syndey [inaudible] in Boston. The next challenge was to find out if there was something that could reverse the action of aminopterin and this way, you see, you have a way of protecting patients who are being treated with this poisonous substance. We then went to another compound called methotrexate which is less toxic than aminopterin because it has a metho group added and that was the compound that we focused on. We first published our results with that in 1949. It produced a low white count in rats and mice. We had to hunt for a substance that would neutralize methotrexate. The clue to that came from experiments in microbiology, carried under the University of Wisconsin by Dr. [inaudible], a graduate student he was then, and Professor [Howard] Bauman. They found that there was a very fastidious microorganism that needed something in liver, that was something like folic acid, but wasn’t the same substance. So we went out to find that substance. They also found that this liver unknown would reverse the action of aminopterin in bacteria. So this is what we needed. So we hunted and hunted for that. One of the chemists in our group, Dr. John Brockman synthesized it. He did that by treating folic acid with formic acid over zinc. It was a reduced form of folic acid. This gave a clue to the mechanism of folic acid in human beings. It had to be reduced to tetrahydrofolic acid before it actually participated in enzymatic reactions. I hope I’m not getting too complicated.
MR. LARSON: No, this is the type of thing we want to get on the record. That’s very fascinating because these things are not well known at all. So these mechanisms are very important.
DR. JUKES: Well, we had the substance and we identified it with the help again of our chemists in the [inaudible]. We gave it the name leucovorin. Leucovorin and methotrexate today are standard substances for cancer chemotherapy. Methotrexate to knockout the reproductive cells, because folic acid is needed for the formation of DNA, and leucovorin to block the action of methotrexate. This has been used widely, for example Senator [Edward] Kennedy’s son had his leg amputated. He was treated with methotrexate and leucovorin and that’s what kept him alive. Many other patients have been treated in that way. 

MR. LARSON: That’s very interesting, very important particularly when you consider in the field of medicine, the difference in the mortality rate of say the 1930’s and ‘40’s with what it is now. It does a good deal too many of these things that have been developed like this. 
DR. JUKES: Unfortunately cancer is still a great menace and the chemotherapy is only partially effective. There are certain forms of cancer in which methotrexate has been very useful. Dr. Roy Hurst at the National Cancer Institute was able for the first time to get complete cures of choriocarcinoma in women by using methotrexate. He did that around 1953. So…

MR. LARSON: In certain areas of cancer therapy there have been tremendous advances, but a lot of territory has yet to be conquered.

DR. JUKES: Oh yes. So then we studied the mechanism of action of folic acid and we found that it was needed for the production of one of the components of DNA and that component is called thymidine. Thymidine has a metho group attached to its ring and the folic acid enzyme puts on the metho group. In so doing, the metho group requires two atoms of hydrogen from reduced folic acid. So the folic acid in the reduced form supplies the metho group, then it has to be re-reduced back to tetrahydrofolic acid. That goes back and forth. That’s a very old reaction that we think goes back to the early days of DNA and that’s carried out by an enzyme called thymidylate synthase, which needs tetrahydrofolic acid for its action. So that’s the chemistry behind what we were studying. 

MR. LARSON: Yes. Well you certainly have had some marvelous detective work and synthesis work all the way through this.

DR. JUKES: Well, thanks very much. Last year, I received the Cane Memorial Award for Cancer Chemotherapy from the American Association for Cancer Research. When they said they were going to give me the award, I said I want to share it with my seven colleagues who did the original work on methotrexate and the award was given to eight of us. 

MR. LARSON: Wow.

DR. JUKES: Unfortunately, three of the awardees were no longer alive. One was Alfred Franklin, who died at the age of 29. He died of kidney failure. We don’t know what caused it. The other, one of the other awardees, Doris Seger died of cancer just before the award ceremony took place. So it was a solemn occasion as well as being a very gratifying occasion.

MR. LARSON: Well, that was very generous of you to acknowledge the contributions of your assistants.

DR. JUKES: Well, we were all in it together and I was glad to see that they finally got recognition, even after 40 years. 

MR. LARSON: Well, that’s wonderful. Fine. Then this work was all done in the late ‘40’s.

DR. JUKES: It was done in the late ‘40’s and early ‘50’s, yes. But, there are all sorts of other things going on at the same time. One of them was discovery of the first wide spectrum antibiotic that came into wide use and that was called aureomycin.

MR. LARSON: Oh yes.

DR. JUKES: That was discovered at Lederle Laboratories in 1948 by Dr. Benjamin Duggar and his associates. He had been told to retire at the University of Wisconsin at the age of 70. So instead of retiring he started a new career. He came to Pearl River and he was suppose to be sort of a consultant, but he worked all day, every day, you see. 
MR. LARSON: Oh yes.

DR. JUKES: In a historic conversation which is on record by someone who was present, he came to lunch one day in the company cafeteria with his friend, a professor from the Middle West. They sat down at a table with another man and the other man started to ask Dr. Duggar what about streptomycin, which was a new antibiotic then. This was around, I guess, just after the war. So the conversation went on that Dr. Duggar said that there are better fish in the sea than streptomycin. So the man asked him, and the man was the president of Lederle Laboratories, Dr. Malcolm, he said, “Could you look for some of them?” He said, “Yes.” So he was asked, “When can you start?” “Next week.” So he started to collect soil samples from all over the United States and elsewhere, and culture them to see what kind of organisms there were in them that would prevent the growth of other microorganisms. One of the soil samples came from the University of Missouri on an experimental plot that had not been disturbed for many, many years. He went to that plot because he wanted some undisturbed soil. That plot has  now, a marker on it saying that this is where the soil sample came from that produced aureomycin. That discovery of aureomycin led to great advances in chemotherapy because it was active against microbes that were not harmed by penicillin or streptomycin, such as the organisms that cause typhous fever and Rocky Mountain spotted fever, and some of the gram negative organisms, E coli. It was a great benefit in intestinal surgery for example, but at that time we were interested in something else. We were interested in an undiscovered vitamin that we called the animal protein factor. We still did not have the complete requirement for chickens. We found that chickens grew slowly on diets that were high in protein, high in soy bean protein, but if they were given an animal protein, they grew normally. There was something in the fish meal and the liver that they needed. We wanted to find a fermentation, a microorganism that would produce this unknown factor. We knew we had a lead. We knew that when the chicken houses were not cleaned out, that the chickens picked up from the floor some kind of bacteria that gave them this unidentified vitamin. So we tested bacteria from chicken manure. We separated them out, tested them one at a time, the bacterial cultures and we found one that did produce the animal protein factor. But then there was something right under our noses that we had not tested and that was the organism that produced aureomycin. We obtained a sample of the aureomycin fermentation from the plant where it was being produced as a medicine. We fed the entire whole mash to chickens that were deficient in the animal protein factor and, low and behold, this supplied them with what they needed. It went even further than that. The animals that were getting the aureomycin fermentation grew faster than the controls. So it supplied not only the animal protein factor, but an unidentified growth factor that made them grow faster than what was considered normal. That finding was extended by work in the agricultural experiment stations throughout the United States and elsewhere. It was found not only was this good for chickens, it was also good for pigs and dairy cows. They, in particular pigs grew more rapidly than the controls. This was the so-called antibiotic growth effect. This effect is because in animals, that are usually considered normal, there are intestinal bacteria that prevent them from reaching their full growth potential. The solution to this conclusion was with tests on animals that are germ free, that have been raised from birth, or chicks from hatching in an environment completely free from bacteria. These germ-free animals grow about 10 or 20 percent more rapidly than normal healthy controls. But if aureomycin was fed to the germ-free animals, it had no effect because there was no bacteria for them to work on. 
MR. LARSON: So this immediately furnished an easy way to essentially get a germ-free intestines in this animal. 

DR. JUKES: Strangely enough the intestines of these animals have more bacteria than normal.

MR. LARSON: I see.

DR. JUKES: What had happened was that the antibiotic had inhibited some harmful bacteria, but had allowed the harmless bacteria to grow more rapidly than ever.

MR. LARSON: I see. So the pathogenic bacteria were…

DR. JUKES: Unidentified, some pathogenic bacteria was selectively destroyed. From that came the use of antibiotics in animal feeds, which has grown enormously so that today, about 40 percent of all the antibiotics produced in the United States are used in the animal feeds.

MR. LARSON: Oh yes. So that’s a foundation of a tremendous increase in the productivity of our farms.
DR. JUKES: Yes, it was. Of course, like everything that is widely used, there are all sorts of doubts raised. The procedure has been under criticism now for several years because it is claimed that this use of antibiotics will lead to the encouragement and development of resistant strains of pathogenic bacteria. But in everything we have been able to investigate, this effect is not a fact. The antibiotics still are effective. So if the resistant bacteria had got the upper hand, the antibiotics would not be effected. But they are still effective, even in laboratories where they have been used for years.

MR. LARSON: Yes. So what is it? It has been used for 30 years, or almost? 

DR. JUKES: They have been used now for, yes, about 28 years.

MR. LARSON: So that’s a fascinating development there.

DR. JUKES: As you can imagine, I have had endless questions and still have about should they still continue to be used.

MR. LARSON: Oh yes.

DR. JUKES: We hear about this from Congressmen, from environmentalists, from bacteriologists, and the discussions go back and forth. So that was the way we became interested in antibiotics. But as time went on, it seemed to me that working for a pharmaceutical company was getting more and more of a routine with arguments with the Food and Drug Administration and red tape and so on. Around 1962, something happened that made me look for a new career, and that was the first discovery of the genetic code.

MR. LARSON: Oh yes. That of course was such a dramatic thing in the field of biology and analogues to the discovery of fission and physics.

DR. JUKES: Yes, it was, you see. We had known for some time that DNA contained the matter of life. We didn’t know how it got from the DNA out into the organism. We knew that DNA contained the information to make proteins, but how were these proteins made in the cell? They had to be made by the intervention of the genetic code, which enables that long sequence of nucleotides in DNA to be turned into a protein, which is a long sequence of amino acids. That’s done through the genetic code. I remember I went to a lecture in New York City by Professor Servro Ochoa and he described the first work of his group on the nature of the genetic code. He made artificial ribonucleic acid by conjoining together uracil, cytosine, and guanine in long chains, and adenine and testing them in a test tube with bacteria. According to the type of artificial RNA put into the system, he got some polypeptides, each one with a different type of amino acid. That was a long way from solving the genetic code, but when I saw that, I resolved this is a new field. I can get into the ground floor. I’m going to quit my job and work with the genetic code from now on. 
MR. LARSON: This was in 1962.

DR. JUKES: 1962, yes. In 1963 I resigned my job at Ledrele Laboratories and came back to the University of California to start a new laboratory with new people to work on the problems on molecular biology. I recruited some young Ph.Ds. I was given a grant by the Space Agency who were interested in the fundamental nature of life, and the origin of life, and the development of life. That grant was called the Chemistry of Living Systems. I still receive a small grant with that title today, 25 years later. 

MR. LARSON: That’s amazing. That’s a long life for a very specific thing.

DR. JUKES: Yes, it is. I’ve been very grateful to be able to continue with this work. Then we obtained some very exciting results quite promptly. One of the men that came to work with me, whom I’ve never met, was a young protein chemist from Japan. His name was Hiroshi Masuhara. He had worked with Emile Smith as a postdoctoral fellow in Salt Lake City. Emile Smith recommended him. I hired him. He came over from Japan and he brought with him some samples of a new enzyme that was produced by bacteria that he got in Japan. He set up an amino acid analyzer and went to work, tried his new enzyme on some proteins. We got some tobacco mosaic protein from Dr. Knight at the virus laboratory on campus and he found that this new enzyme would cut proteins at the locations of hydrophobic amino acids. There wasn’t any enzyme that did that up until then.
MR. LARSON: Let’s see. What is a hydrophobic amino acid?

DR. JUKES: A hydrophobic amino acid is an amino acid that hates water. It has a side chain with a metho and methylene groups on it that repel water and this is what this enzyme attacked. It was produced by bacteria that resisted heat. That was why we went to work on it because NASA was interested in unusual forms of life.

MR. LARSON: Yes.

DR. JUKES: We thought that these thermo-stable bacteria were an unusual form of life. So we gave it a name thermocline. Well we had a publication out on that in a matter of a few months. That enzyme is now universally used in protein analysis.

MR. LARSON: Yes. So that cuts the protein at certain definite spots and enables it to…

DR. JUKES: It cuts the protein in different spots. It is different spots from where tripazine cuts it. So you get different kinds of peptides. Then they overlap and [inaudible].
MR. LARSON: You can unravel the whole thing ultimately. I never thought that that, being able to unravel the amino acids in their proper sequence for a whole protein, but apparently this has been done for many proteins now. 

DR. JUKES: Many proteins now, yes. Then we had to turn to some proteins to try, new ones, hadn’t been done. So Professor [Daniel] Arnon at Berkeley had isolated paradoxin, a fairly short protein from spinach and paradoxin participates in photosynthesis. So this was a good protein to investigate. First of all, it was fairly short, and second, it was involved in a very early form of biochemistry, the photosynthetic process. So we got some paradoxin from Dr. Arnon and Dr. Masuhara went to work on it with his enzymes. We were told by Professor Emile Smith don’t fool around with paradoxin. Someone else is going to do that first, but Dr. Masuhara was first. He obtained the sequence of paradoxin from spinach. Then he went back to Japan, he became a professor at the University of Osaka and he is still working on paradoxin and he’s the world authority on them. So that was one of my colleagues. Another colleague was Dr. Takunami [sp?], he is another young Ph.D. from Japan. He found a number of interesting things in protein synthesis. He found out the nature of the code that tells a protein where to stop. Of course, the protein has to stop in a certain place. There are three stop-code-ons. He found out the nature of those. He was the first to find those out. He also found out that in protein synthesis, the messenger ribonucleic acid that carries the information from the DNA to the proteins, that it, it doesn’t start at the beginning of the messenger molecule. It starts at a certain position called a ribosome binding site. He was the first to show that there was such a thing as a ribosome binding site. That was a classical piece of work too. 
MR. LARSON: Well. That certainly, immediately that laboratory began to produce very significant… 

DR. JUKES: Yes, it did. The ribosome binding site sounds very complicated, but it just means that the ribosome, which is the unit where the protein synthesis takes place, is a lump of RNA and proteins in all the cells. It has a specific message to attach itself to the messenger RNA. He was the first to locate that. Then he went back to Japan too. He was, he became a professor at the University of Kyoto.  The University of Kyoto is a very old, traditional university and they only hire professors who are graduates of the University of Kyoto, at least they did at that time. He was the youngest professor to be appointed to the University of Kyoto. He came to see me about two months ago. He was on a trip sent by the Japanese government to see what was happening about the sequences of the human genome in the United States.
MR. LARSON: Oh yes.

DR. JUKES: He was very much concerned that they would make him director of the Institute for Chemical Research at the University of Kyoto. He had fought off this a couple years ago because he wanted to stay in the lab and do research, you see. This time, he couldn’t overcome the election to the job. So now he’s got about 200 people under him, I guess, and he would rather be on his own and doing his own research.

MR. LARSON: Have they a project in sequencing the human genome?

DR. JUKES: Oh yes. They are going ahead with that, you bet they are. Oh yes. That’s the thing that interests me the most today is the sequencing of the human genome. It all started out with the paper I heard on the genetic code, back in 1962.

MR. LARSON: Well, that’s a fascinating development. I have just read something about the number of different approaches to this and the controversies as to who should do this and so forth and so on.

DR. JUKES: Well I think the thing to do is let people go to work and you will find out that everything will come out all right. 

MR. LARSON: Oh yes. 

DR. JUKES: Because if scientists are left to do their own work, they don’t repeat what each other do. They get together and they parcel out their work and they compare their findings. The new ways become discovered of going ahead and we all benefit from it.

MR. LARSON: I don’t think that particular project would be amenable to a Manhattan Project type of approach. I think it would stifle it.

DR. JUKES: It would, certainly. It’s not that kind of research.

MR. LARSON: That’s fascinating. Well, fine. That was, this developed through the ‘60’s then?

DR. JUKES: That developed through the ‘60’s, yes. At that time, I had my own interests in evolution too. That came about from just studying what had been done with the evolution of proteins.

MR. LARSON: How did you happen to get interested in that? Was it just your general interest in proteins?

DR. JUKES: Interest in the genetic code and it’s relation to protein synthesis, yes. Of course, my interest in proteins started back when I was a graduate student. Now, something very interesting about proteins such as hemoglobin and cytochromes and that is, that they are present in many different types of living creatures. But each living creature has a different sequence for its cytochrome and for its hemoglobin. Why should this be? They are all doing the same job. Well, some say that the hemoglobin, for example, in a fish, is worked at a different temperature and in a chicken from a fish. The hemoglobin in the chicken is going to be different from the human because they are different types of animals, but why should there be such a greater difference? Why is it that there is only one amino acid difference in the hemoglobin of human beings and gorillas?
MR. LARSON: Only one?

DR. JUKES: Only one, but when you compare human beings or gorillas with other monkeys, there is about 10 differences. When you compare human beings or gorillas or monkeys with cattle, there would be like 15 or 20 differences. So it looks like there is something going on in evolution that makes the protein molecules spread apart without changing their properties. I said that these amino acid differences are, may well be carried along as the proteins separate, without changing their properties. From that, a geneticist named Jack King and I, developed what we call the Neutral Theory of Evolution. This was simultaneously perceived in Japan by a geneticist named Moto Komura [sp?]. We published in 1968, Komura published a short note. In 1969, Jack King and I published a long article in Science, setting forth this neutral theory. We had a difficult time getting it to print. The Science Magazine sent our manuscript out to reviewers. One of the reviewers said that the idea was nonsensical. The other reviewer said that the idea was so obvious that it didn’t need to be published. 

MR. LARSON: Quite a range there.

DR. JUKES: Quite a range. So we appealed that decision and we got a better rating next time and we were allowed to publish.

MR. LARSON: Oh yes. 

DR. JUKES: Some years later I received a message from Current Contents, which is a magazine that abstracts all the different papers and keeps track of the use of references in literature, that our paper in 1969 was high on the list of what they call the citation index. So we were given a citation index award for this paper that had first been rejected.

MR. LARSON: How many citations did you have?

DR. JUKES: Oh, several hundred.

MR. LARSON: Several hundred citations. 

DR. JUKES: Oh yes.

MR. LARSON: That’s fantastic.

DR. JUKES: We started a lot of arguments about this and now the neutral theory, I think is fairly well accepted. So what the neutral theory says is that during evolution if you look at the DNA level, there is a certain number of mistakes made when DNA duplicates and replicates. Most of these mistakes are screened out by natural selection. Though very few of them are advantageous. This enables evolution to move ahead, but there are also a large number of them that don’t make any difference either way. They just accumulate. We call those the neutral mutations. That’s why the DNA of different species differs when they are compared. That difference between DNA sequences is now the basis of a reclassification of living organisms. They don’t use the DNA itself in most cases. They use ribonucleic acid and the ribosomes. They compare those sequences and they set up new systems of classifying organisms. So this is all come from the neutral theory and the divergents that takes place in evolution. 
MR. LARSON: Well, with regard to this sequence, in the crustaceans and things like lobsters, there is a similar hemoglobin, what is it, hemocyanin type of, does that also have a similar sequence of amino acids? Any resemblance to hemoglobin? 

DR. JUKES: That has not been studied so much. Hemocyanin in the crustaceans is such a big molecule, it is hard to sequence. Most of the studies have been carried out with hemoglobin all the way from sharks to bony fishes, amphebia, reptiles, birds, human being. They show us a divergence based on what we call the molecular evolutionary clock. 

MR. LARSON: So you go all the way from the human sequencing to gorillas which have one amino acid difference and then there are 10, and then perhaps hundreds as we go to different species.

DR. JUKES: We go back to sharks. It’s about 60 percent difference between the hemoglobin.

MR. LARSON: Sixty percent.

DR. JUKES: But there is still 40 percent identity. That 40 percent identity is enough to establish the fact that they have a common ancestor.

MR. LARSON: Oh yes.

DR. JUKES: So the molecular evolution firmly establishes the concept of a common ancestor for all life which is what Darwin proposed in 1859. More and more is coming out. We find genes, not we, but it’s being announced now that genes in yeast that are similar to the [inaudible] genes. The genes that can be disrupted and cause cancer in human beings. So this shows that yeast and human beings have the same ancestor and that ancestor lived about 1.2 billion years ago.
MR. LARSON: Yes, and in the sea, presumably.

DR. JUKES: And in the sea.

MR. LARSON: That’s fascinating. With regard to this, how much of this is published in your book which I must confess I haven’t looked at for about five years now, I think, or something like that. But is a good deal of this in your book on molecular…? 

DR. JUKES: Molecules and Evolution, yes. I published that book in 1966, but’s way out of date now. 

MR. LARSON: its way out of date now.

DR. JUKES: It would be about that thick now.

MR. LARSON: Oh yes.

DR. JUKES: They are after me to redo the book over again. They want me to do a book on the genetic code.

MR. LARSON: Oh yes. 

DR. JUKES: So I’ve got all these things ahead of me.

MR. LARSON: Oh, well, that’s a tremendous job, of course. I was fascinated when I first got the book, as I say, all of these possibilities.

DR. JUKES: Yes.

MR. LARSON: Fine. Well, so I suppose your interest still is maintained in this field because it looks like it’s almost endless.

DR. JUKES: The only problem is trying to keep up with what is going on.

MR. LARSON: Oh yes, because there is so much going on. Of course, do you have any remarks to make, you know about the modern analytical techniques. You spoke of the enzymes that slice the proteins, and so forth. That’s a good start. Has, I suppose, the development of those analytical methods have helped a great deal in this?
DR. JUKES: Oh, they have been the key to the whole thing. Really, what really started the big explosion in knowledge was the sequencing of DNA, the discoveries made by [Allan] Maxam and [Walter] Gilbert at Harvard and by Fred Sanger at the University of Cambridge in England. They showed it was possible to determine the sequence of DNA molecules at an enormous rate, by means of a combination of chemical and biological procedures and chromatography, so they get these long chromatograms and read these off. So right now, we just obtained a bank, a list of genes from human beings that have been completely sequenced. We got those. Those are put together, that list by Dr. Ikamura [sp?] in Japan, with the aid of the computerized banks of information. There are 407 human genes that have been completely sequenced. That’s only a small fraction of the human genome, but that would have been unthinkable even five years ago to have all that information. 
MR. LARSON: I can remember getting a couple simple peptides was quite a triumph, from natural sources.

DR. JUKES: Now this new technology has done away with the need for sequencing proteins. What you do is to examine the sequence of the gene with a computer and you look for a part of that gene that makes a protein. How do you find it? In such a section of the gene, you scan for stop codons. Now stop codons are three of the possible 64 combinations of four variables taken three at a time. Those 64 variables are the genetic code. Three of the 64 are stop codons. So if there is a random sequence, you will get on the average one stop codon in every 21 codons, but if it’s going to make a protein, it can’t have any stop codons in it. So you find a stretch where there is about two or 300 codons without any stop codons in it, you’ll know that’s a gene for protein, and that’s the way that proteins are discovered today. They don’t even look for the proteins themselves. They just look for the open reading frames in genes. Far more proteins are known now than have ever been isolated. 

MR. LARSON: Well, that’s, this is absolutely fabulous. Incidentally, do the use of carbon-14, is that used in any of this work.

DR. JUKES: Oh yes. You bet it is. As I’ve said in one of my early articles on genetic code, I said that the radioactive elements, the carbon-14 was the promethean fire…

MR. LARSON: Oh yes.

DR. JUKES: …that gave the clue to the genetic code because you tag the DNA with carbon-14 or with tritium, and then you can identify the pieces of them. 

MR. LARSON: Well, I during the war worked with Martin Kamen, the discoverer of carbon-14, co-discoverer of carbon-14. He was pointing out that probably there could be as many as 100,000 papers in the whole field of organic chemistry and have used carbon-14 in some of their research work.

DR. JUKES: Yes, and when you add to that the field of biochemistry too, there comes an even larger number. 

MR. LARSON: So, the tools that have become available in the last 30 to 40 years is just amazing.

DR. JUKES: By tagging with tritium, the DNA, then when these nucleotides are separated out by that sequencing procedure, you can read the sequence onto a photographic plate with the radioactivity and that’s the way it is used.

MR. LARSON: That’s a very nice technique there. Yes, well that, you still maintain, we haven’t mentioned, do you have, this work has all been done in cooperation with the Space Agency. Are there any other developments such as possibilities of life on other planets, or what sort of experience have you had on some of the science directly connected with the Space Agency? Of course, you mentioned all of these things which are related, but I was wondering if you had any remarks on some of the other things that are of interest, particularly with regard to the origin of our own earth and perhaps the question of whether there ever was life on any of the other planets and so forth. Do you have any general remarks in that particular field?
DR. JUKES: Yes. I have been brought into that field by serving on committees for NASA and the National Academy of Sciences. I’ve also been brought into that field as an official of COSPAR, which is the Committee on Space Research for the International Council of the Scientific Unions. For several years, I was chairman of the biology group in COSPAR, of the life sciences commission in COSPAR. I had to participate in organizing the scientific programs that brought together scientists from other countries to give their results and ideas about the origin of life, and life in other worlds. One of the fascinating things is the two types of ideas. One, mostly more in the physical sciences tends to look for forms of life, or speculate on forms of life that would be entirely different from organisms on the earth. The other idea is probably life everywhere is based on some kind of a DNA or RNA and protein system. I belong to that idea. I favor that idea. Of course the other people say, “Well, you’re just bound up, hampered, and confined in earthly ideas.” But, nevertheless, we do know that the entire universe is made up of elements in the periodic table. We know something about the frequency of these elements. We know also that there are primitive molecules in space that are similar to the molecules on the earth, that are related to compounds used by living organisms. We know that amino acids have been detected in meteorites and these are racemic amino acids, just like those that have been synthesized in a test tube. 

MR. LARSON: Has that been determined…

DR. JUKES: Oh yes.

MR. LARSON: …that they are not optically accurate?

DR. JUKES: Not optically accurate, strictly racemic.

MR. LARSON: That is, is it generally accepted? I haven’t heard.

DR. JUKES: Yes, yes.

MR. LARSON: There have been some past false alarms in this particular field. I believe was it Professor Lipman in California came out with some findings in the 1930’s or ‘40’s that were never accepted. I’m not sure about it. I gathered they were not accepted.

DR. JUKES: You are right. That was Professor Lipman at California, he was always conjecturing on the presence of living organisms in outer space and analyzing what he said were bacteria coming from outer space. Charles Lipman, right?

MR. LARSON: I’m not sure. 

DR. JUKES: I knew him. He was Dean of Graduate Studies. No, but now we are in a different phase of detection. We are not looking for actual living organisms; we are looking for molecules that are related to living organisms. Those have been detected. Now, this was given additional impetus by discoveries starting with Stanley Miller and Harold Urey at Chicago, that by an electric spark in an atmosphere of methane and ammonium, carbon dioxide and water, that amino acids could be produced. Again these were racemic amino acids.
MR. LARSON: They were, yes, they would be.

DR. JUKES: Inevitably, yes. But the one thing that hasn’t been decided is that there are some amino acids that are produced by this method or found in meteorites that are not used in proteins, such as aminobutyric acid, amino hydroxybutyric acid. Why aren’t these amino acids used in life? They are very similar to amino acids that are. Well, maybe they will be used in outer space on other planets. Maybe it wouldn’t be quite the same protein, it may be a bit different. It will be very difficult to find that out. There were great hopes for finding life on Mars and nothing was found. That was, most probably, the only place in the solar system where we could have expected to find living organisms. So now the search goes on in outer space beyond the solar system and we can’t bring samples back. What they are concentrating on, in one field, is the search for extraterrestrial intelligence, trying to pick up radio [inaudible] in outer space, which is a fascinating thing to try. The chances of success are very small, but if success did take place, what a remarkable finding that would be.

MR. LARSON: Oh yes. Yes, well, the chances may be small, but the significance would be so great.

DR. JUKES: Yes. It’s not really very expensive either. 

MR. LARSON: Yes, well, with regard to the origin of life on earth, I interviewed Dr. [William] Fowler who was a Nobel Prize winner for the origin of the elements, you know. Of course, that breaks off about 10 billion years ago or something, but so far as the origin of life, Urey’s experiments, of course, point to some possibilities, at least the start of amino acids.

DR. JUKES: That’s a long way from life though.

MR. LARSON: Yes, it’s a long way from life.

DR. JUKES: Some people think that because they found amino acids that proves that life starts from amino acids, and in the oceans but…
MR. LARSON: Do you have any personal theory as to how the first living organism of, presumably, a bacteria could have evolved from, of course, there could have been tremendous amounts of amino acids formed. Might even been a sort of soup of amino acids through a billion years, so to speak.

DR. JUKES: Yes.

MR. LARSON: Going from amino acids to a living organism, as you say, is very… Do you have any, that is the eternal question…

DR. JUKES: At the present…

MR. LARSON: We go from the simplest bacteria probably, just plain amino acids…

DR. JUKES: The present thinking is that the first living organisms used molecules not made of amino acids, but made of ribonucleic acid.

MR. LARSON: I see.

DR. JUKES: That the RNA, the short chains of RNA started the whole business. Now that change in ideas came about rather recently because, it was found by Professor Thomas Cech, C-E-C-H, at Colorado and by others, that ribonucleic acid could be enzymes. They called them ribozymes and that may have been how the whole thing started. Of course you see, if you start with just RNA, RNA can form other RNA molecules without protein, then that’s a simpler way of starting life. Later on the amino acids can participate. Finally we get a system that depends upon RNA and proteins then DNA appears because certain enzymes take place, formed, originate that can change ribos to dioxyribos. Then the two strands of DNA form and they are more resistant to destruction than RNA itself is. So then we have this system, living system of DNA, RNA, and proteins. 

MR. LARSON: Then we start from that. 
DR. JUKES: We start from that, yes.

MR. LARSON: Then we go from, you might say, bacteria to something equivalent of chlorophyll, or…

DR. JUKES: Yes. Then we go to bacteria that can make chlorophyll.

MR. LARSON: Yes.

DR. JUKES: Then you see photosynthesis starts and the oxygen is added to the atmosphere. The ozone layer is formed, life emerges from the oceans and spreads over the land.

MR. LARSON: Of course, one of our key things in life is the presence of nitrogen. Now I understand, do the other planets not have nitrogen, is that…?

DR. JUKES: Mars has some nitrogen.  

MR. LARSON: It has some nitrogen.
DR. JUKES: That was eagerly looked for and it was found spectophotographically that there is some, not very much, but there is some nitrogen on Mars.

MR. LARSON: There is some nitrogen there. As far as, [inaudible] I think you mentioned that the origin of the nitrogen on earth is probably from the early volcanic action.

DR. JUKES: Yes.

MR. LARSON: The nitrites were essentially transformed into nitrogen.

DR. JUKES: Right.

MR. LARSON: That’s a fascinating story of the origin of the life on earth. Well, what are some of your other interests that you had during this period, you might say lately in your research, what is your present research work concentrated on?

DR. JUKES: My present research work is, involves theories on the evolution of the genetic code. I’m working on that with Professor Osawa [sp?] at the University of Nagoya in Japan. He observed that a very simple type of microorganism called mycoplasma had a slightly different genetic code than other microorganisms. We, from that, we reasoned that the change had taken place because mycoplasma DNA is much higher in adenine and thymine, A and T, than other microorganisms. This proponents of A and T had produced a change in the genetic code by the elimination of the anti-codon that binds cryptophane to TRNA, transfer RNA. Sounds a bit complicated, but if it’s all written out on paper it’s quite simple. The A and T did away with the anti-stop codons to the stop codon and just left one. So that left two of the stop codons that could be used for an amino acid. That amino acid was tryptophane. Now from that, we looked at the genetic code in mitochondria and chloroplasts. Those are two small aggregates, organelles they are called inside the cells of higher organisms. All the higher organisms contain mitochondria which is called the power house of the cell. All the green plants contain chloroplasts. These were originally bacteria that entered the cell, stayed there, that came to dinner and stayed there. Now, these are the remnants of a bacterial infection that took place a billion or two billion years ago. They have retained their DNA. But the mitochondria have a very small compartment of DNA, so they have economized on it, simplified their genetic code. So we said this is the same thing that is occurring in the mycoplasma that is now, that occurred many years ago in the mitochondria. From that we have drawn conclusions as to the origin of the genetic code and the division of the genetic code into the three types: one in the higher organisms; one in the bacteria; and one in another group that we call the arcaeobacteria or the [inaudible] bacteria or the halobacteria. These are the third kingdom of living organisms. There used to be thought there were two kingdoms, the prokaryotes and eukaryotes. Now we agree, discovered originally by Professor [Carl] Woese at the University of Illinois, that there were actually three kingdoms of living organisms: eukaryotes, like ourselves; eubacteria, like the bacteria in our intestines; and archaeobacteria that produce methane in swamps, very primitive types. But they have a slightly different genetic code from ourselves.
MR. LARSON: Wow. This is fascinating. I was wondering if you could take a few moments and speculate on which direction you feel is going to be the most important for biology and biochemistry in the future. What do you predict are going to be the big things that are going to be emerging? Of course, you mentioned sequencing the human genome as one, are there any other things that have occurred to you? 

 DR. JUKES: The big thing that is emerging, that has emerged is biotechnology, [inaudible] DNA, transferring genes from one organism to another. That is going to revolutionize biology. Not only that, it’s going to revolutionize technology. We shall not be dependent on the same things that we use to be dependent upon for sources of food. We are going to be able to put genes into plants so that they will make proteins instead of starch. We are going to be able to transfer genes from one species to another to modify their characteristics. This is all going to be done without any bad effects because the transformed organisms are not going to be highly pathogenic, or dangerous. They are going to be weaker than the regular organisms. They are going to have to be kept alive in the laboratory and they will do the job for us. We can see what can be done. The gene for human insulin has been put into bacteria, E coli, bacteria that live in our intestines and the E coli makes human insulin for us. We no longer have to kill pigs and cows to get pancreas from them to make insulin. That sort of thing is going to be more and more important in the future. We are going to be able to put genes into plants to make them resistant to lights and insects and we’re going to be able to modify crops so that they will produce greater yields. All those things are ahead of us.
MR. LARSON: That is a fascinating development. As you say in biotechnology. Of course, you hear of all these alarmist things: ultimately, we will create some sort of a bacteria or a virus which then will wipe out the human race, but of course the Black Plague in the Middle Ages wiped out say 50 percent of some populations. The influenza epidemic of 1918 killed 40 million people and things like that. How do you answer the possibility that we might develop some pathogenic virus, well, such as AIDS for instance that will be very serious or even, you might say, wipe out the race. I’m asking a devil’s advocate question here. How do you answer the probabilities of something like that? You alluded to them.

DR. JUKES: Yes, the probabilities of those are such advanced, I think, are vanishingly small. The pathogens have evolved in conjunction with our cells. For example, smallpox virus only stays alive if it can grow on human beings. You can’t make it in a test tube. The smallpox virus, you see, has been eradicated.
MR. LARSON: Yes.

DR. JUKES: So this is a way that biology is moving toward taking measures to eradicate dangerous organisms and not to create new dangerous organisms in their place, but to create and tailor beneficial strains. 

MR. LARSON: Oh yes.

DR. JUKES: The chances of a new smallpox virus suddenly appearing, I believe, are vanishingly small, because as I said the organism evolved over millions of years by living on human beings.

MR. LARSON: I know in the popular press, I think, the attempt to try some of these things out. I believe there was some sort of a bacteria, harmless bacteria, to be used on strawberries to prevent freeze or something like that and there was a horror expressed throughout the alarmist press on that. 

DR. JUKES: Yes that was the so-called frost band bacteria that they were developing, right in this building actually. Those were a type of bacteria, that is common in tap water, and soil and what the procedure was, was to take one of the genes out of the bacterium. If you take a gene out of the bacterium, it doesn’t make it more dangerous. It makes it less dangerous.

MR. LARSON: But this is, I know the alarmist press plays on these things.

DR. JUKES: Oh yes.

MR. LARSON: Fine. Let’s see. I think that very well covers your, as I say, some of your visions of the future. Have I left out any questions that occur to you now, any developments? 

DR. JUKES: Well, I have various other scientific interests. One of them is trying to expose false claims such as in cancer quackery. I am a consultant to the California Cancer Advisory Council. We do our best to see that people are not taken in by false claims of cures for cancer.

MR. LARSON: Oh yes. 

DR. JUKES: I have actually had to make court appearances several times in this endeavor. 

MR. LARSON: Yes, of course, there are also all of the alarmist things with regards to the insecticides, herbicides, and so forth, these small residues. Every other week we get some sort of horror story with regard to that. What you have, I have seen articles in CNE News and other letters to the editor through the years that you have…

DR. JUKES: Yes. I try to bring these things down to earth and point out that the insecticides that are used have been thoroughly tested before they are released by the FDA, to make sure that the small residues that occur when they are used on crops aren’t harmful. Actually, of course, insecticides will kill living organisms and they are selected to kill insects, not human beings. There is also the possibility that they may be toxic to human beings as well as to insects. Well, that has to be taken care of by a great deal of testing. It takes years and years to establish these facts. There are some such as the phosphorus compounds that are quite toxic to human beings, but they are not stable. they disappear. That is the safeguard with those. 
MR. LARSON: Well, as a child I can remember that the only insecticide that I knew was the so-called Paris Green, which was an arsenic compound…

DR. JUKES: Right.

MR. LARSON: …for potatoes. So the human toxicity for those things is terrible.

DR. JUKES: Lead arsenic too. Terrible toxicity.

MR. LARSON: So that’s, well, fine. Do you have any other last thoughts that have come to your mind? You certainly have covered tremendous variety of things here today, Tom. 

DR. JUKES: Oh yes.

MR. LARSON: It’s fascinating.

DR. JUKES: I have another commitment.

MR. LARSON: Fine.

DR. JUKES: That is to exposing creationism. 

MR. LARSON: Oh yes. That is a continual battle.

DR. JUKES: It is a continual battle. The creationists continue to try to keep evolution from being taught in the schools. 

MR. LARSON: Oh yes.

DR. JUKES: They say that if evolution is taught then creationism has to be taught, equal time. Of course creationism is mostly an attack on evolution. It is not really a scientific endeavor at all. Apparently, what disturbs the creationists most is the concept that is held in evolution, that human beings and the great apes have the same ancestor. This is so well established in evolution that it doesn’t bother us anymore. We’ve gone way beyond that. As I said just now, we look upon human beings and yeast as having a common ancestor. So, the creationists try and harass school teachers who teach evolution. They have tried to harass the publishers of textbooks that mention evolution in the textbooks for science in schools. We have found that the textbook publishers have gone along with the creationists. They would rather take the easy way out. They just cut evolution out of the textbooks. Now this you see, in the age of DNA, you can’t cut out the teaching of evolution. You can’t pretend that the earth is only 10,000 years old. This we know by radioactive dating that the earth is a lot older than that, you see. These ideas have to be exposed.

MR. LARSON: Yes, well that is a continual battle. I remember as a college professor in the late ‘30’s and early ‘40’s, the creationists were active in those days.

DR. JUKES: Active in those days, yes.

MR. LARSON: So it really is, things have not changed. They have a long lifetime.

DR. JUKES: They have not changed. William Jennings Bryan was stumping the country in the 1920’s against evolution. Evolution has changed and moved ahead, but creationism is just saying the same things.

MR. LARSON: Yes. Well, fine. You actually participate in discussions and committees and things like that.

DR. JUKES: Yes, I was on the California State Framework Committee for revising the science framework for school teachers some years ago. We pointed out in the appendix to the Framework that living organisms have a common origin and that evolution was the answer to the knowledge of biology. The Framework was passed and printed and published. Then the creationists started to fight and complain about it, although they had agreed to it a few years ahead, before that you see. So it led to a trial in Sacramento and I had to participate in that too.

MR. LARSON: A never-ending battle.

DR. JUKES: A never-ending battle, no. 

MR. LARSON: Fine. Well as they say, you certainly have covered a tremendous amount of ground in your career. Certainly in a short period of time like this, we can’t cover everything, but you have done a magnificent job of covering the very important things that you have participated in during your career. We certainly want to thank you very much for participating in this.

DR. JUKES: Well, thank you very much, Clarence, and, of course, I should say that I’ve always admired and followed your work with the Atomic Energy Commission and the great work that has been done at Oak Ridge. I have many friends there… 

MR. LARSON: Oh yes.

DR. JUKES: …such as Waldo Cohn. I keep in touch with him.

MR. LARSON: I see Waldo every once, at least once a year. 
DR. JUKES: Of course, the artificial radioactive elements have been the key to the advance of biochemistry and molecular biology.

MR. LARSON: Yes, that’s certainly, just in that particular part of atomic energy alone, carbon-14 and other artificial radioactive elements have had a tremendous aid to science.

DR. JUKES: Yes.

MR. LARSON: Fine. Well again, thank you very much, Tom. It has been a real pleasure and we will furnish you a copy of this…

[End of Interview]
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