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Abstract
Bruce N. Ames is Professor of the Graduate School at the University of California, Berkeley. Dr.
Ames studied with George Beadle at the California Institute of Technology at the beginning of
the revolution in molecular biology. He joined the National Institutes of Health in 1953 as a
fellow, and became Chief of the Microbial Genetics section in 1962. In 1968, he joined the
faculty in biochemistry and genetics at UC Berkeley, where he developed the Ames test of the
mutagenic potential of chemicals. In 2000, he became a senior research scientist at the Children's
Hospital of Oakland Research Institute until his retirement in 2018. With over 550 publications,
he is among the top two hundred most highly cited scientists across all disciplines.
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Foreword
Randy Schekman
Professor, Department of Molecular and Cell Biology
Howard Hughes Medical Institute
University of California, Berkeley
November 20, 2020
Berkeley, California
Bruce Ames is a Berkeley original. In this oral history, we see the path he took as a bright but
easily distracted young man who had the benefit of professional parents, a father who was the
assistant superintendent of the NYC School District, and a mother who came from a more
intellectual family but whose career was limited by the norms of the time. Bruce's native
intelligence opened doors, such as to the Bronx High School of Science and then to Cornell
University where he developed his passion for genetics. He did well enough, in spite of such
distractions as Scottish dance, to gain admission to the Biology Division of Caltech during a time
of great ferment at the outset of the revolution in molecular biology. His interest in the pathway
of histidine biosynthesis developed from a combined genetic and biochemical description of the
pathway, which he achieved in just the first year of his PhD work. On the strength of this, he
took a postdoctoral position at the NIH and remained as a staff scientist for fifteen years where
he explored the fine detail regulation of histidine biosynthesis including insights contemporary to
those developed in the operon hypothesis of Jacob and Monod. But perhaps the most important
milestone of Bruce's NIH years was his marriage to Giovanna, his life partner and continuing
guidepost through all the years since they met.
Bruce and Giovanna were enticed to Berkeley partially through the influence of one of Bruce's
group leaders at the NIH, Gordon Tomkins. Tomkins made a strong impression on Bruce, as he
was, like Bruce, supremely creative and wide-ranging in his interests, from music to molecular
biology. Tomkins had planned to move to UCSF to start the new biochemistry department along
with Bill Rutter, but Bruce and Giovanna ventured west earlier, in 1967, to join the then-quite
classically oriented biochemistry department, the new home of Daniel E. Koshland, Jr., who had
moved back west the year before. Giovanna worked in Bruce's lab and then became a tenured
faculty member in the department, pursuing an interest in the transport of histidine and of other
small molecules into bacterial cells. Bruce exerted a strong influence on the department in
bringing modern molecular genetics to the mix of teaching and research, an influence that proved
critical in future faculty recruitment efforts. For the more than thirty years that followed, Bruce
built a world-class team of undergraduates, PhD students, and postdoctoral fellows whose
interests ranged from basic genetic regulatory mechanisms to the relationship between cancer
and mutation. His iconoclastic views led him to speculate that a simple genetic mutant reversion
test, using his huge collection of histidine biosynthetic mutants, could be used to quantify the
mutagenic potency of chemicals that he then showed to correlate to their potential as
carcinogens. The Ames test became a standard by which environmental mutagens and industrial
products could be assessed as a first effort to judge potential concerns. As a libertarian, he took
on academic critics and government regulatory agencies, whom he felt were not applying
quantitative reasoning in assessing potential dangers of mutagenic or toxic chemicals.
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Around the year 2000, as the biochemistry building, now Barker Hall, was set to undergo a
years-long renovation, Bruce and Giovanna decided to decamp down the road to the Children's
Hospital of Oakland Research Institute (CHORI), where they set up labs and where Bruce
continued and extended his work on oxidative damage and antioxidants. Though physically
separated from campus, the Ames' remained close to many of us and to this day, now over fifty
years from their move west, Bruce continues to publish his thoughts and, even now, is planning
one last paper.
Bruce remains a legend, exactly the kind of wide-ranging and paradigm-challenging scholar that
makes UC Berkeley so unique.
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Foreword
Gerald R. Fink
Inaugural Margaret and Herman Sokol Professor
Whitehead Institute/MIT
November 30, 2020
Cambridge, Massachusetts
"Have you heard my latest idea?"
When I arrived at Ames's laboratory at NIH as a postdoc in September of 1965, Bruce was
firmly established as a leader in the gene regulation field. His collaboration on studies of the
histidine operon with Phil Hartman at Johns Hopkins comprised an American duo comparable to
the illustrious French twosome, Jacob and Monod. Since I imagined my future to be in the field
of gene regulation, the Ames lab seemed like an excellent choice where I could hone my skills.
As I pondered my first week at NIH in Bruce's laboratory in Building 2, one question crossed my
mind: "Do they do anything but gab here?" Bruce would initiate the gabfest after he arrived in
the morning with whomever he first encountered in the lab. His sermon on his latest obsession in
gene regulation inevitably began: "Have I told you my latest idea about . . . ?" Bruce didn't wait
for a reply but immediately launched into a fascinating monologue delivered with an impish grin
that reminded me of a magician about to pull a rabbit out of the hat.
This scenario was repeated several times a day, and since Bruce never waited for an answer to
his question—"Have I told you my latest idea about . . ."—he often lost track of his audience and
in the afternoon preached the same soliloquy to the identical person he had addressed in the
morning. These confrontations with Bruce's fertile mind provided fodder for chatter among the
postdocs (John Roth, David Berkowitz, and David Silbert), who then debated both the
implications and feasible experimental approaches that might prove or disprove Bruce's latest
proposals. These debates provided a constant source of entertainment in the lab, and the
wrangling and banter often extended to cocktail talk at evening parties Bruce and Giovanna
graciously hosted at their home.
A question of more personal interest was, "What the heck should be my project." When I asked
Bruce, he seemed unconcerned and inquired as to whether I had heard his latest ideas about
regulation. What to do? After a month or so in the laboratory, I formulated my approach: find
something that attracts me among Bruce's huge and diverse portfolio of ideas and have some
chance of succeeding during my time at Bruce's laboratory.
My confidence in this strategy was bolstered by the success of Bob Martin, a previous postdoc.
One of Bruce's favorite ideas at that time was that the histidine biosynthetic enzymes formed a
huge multi-enzyme complex in the cell. To address this speculation, Bob developed a clever
method using sucrose gradient centrifugation that was capable of detecting Bruce's hypothetical
aggregate of enzymes. Although they never detected the postulated complex of the histidine
biosynthetic enzymes, the technique Bob developed became a standard for determining the MW
of proteins in a crude cell extract, and the Martin and Ames paper in its time became one of the

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

xii

most cited papers in biochemistry. With this role model in mind, I followed up on one of Bruce's
comments about histidine regulatory mutants having a wrinkled-colony morphology. This
avenue led me to isolate hundreds of spontaneous histidine-requiring mutants, discover a number
of important principles of histidine operon regulation, and publish five papers in the two years I
spent in Bruce's lab.
Towards the end of my tenure in Bruce's lab, it was clear that he had enlarged his repertoire of
interests beyond gene regulation and had become obsessed with the idea that the then-current
distinction between carcinogens and mutagens was incorrect. When Bruce now confronted you
with his daily "Have you heard my latest idea," it was about the connection between mutagenesis
and cancer. Bruce's new obsession was fueled by two things. First, Bruce had discovered that a
class of anti-cancer compounds (ICR, from the Institute of Cancer Research) were powerful
frameshift mutagens. This discovery convinced Bruce that many compounds might owe their
carcinogenicity to their ability to mutate DNA. Second, Bruce was fascinated by the possibility
that a short-term test for carcinogenicity could be carried out cheaply and simply on a petri plate
rather than in a mouse or rat. This possibility played into Bruce's compulsion and knack for
devising a simple technique that solved a complex problem. From these considerations emerged
the now-famous Ames test.
Bruce's unique persona created an electric atmosphere in the lab that was at once intellectually
stimulating and entertaining. His broad-ranging interests and fearless pursuit of unpopular ideas
cultivated my own instinct to find a scientific problem that stimulated my curiosity and gave me
the courage to forge ahead when the odds seemed stacked against me.
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Interview 1: August 16, 2019
01-00:00:18

Burnett:

This is Paul Burnett interviewing Dr. Bruce Ames for the University History
Series, and it is Friday, August 16, 2019, and this is our first session.
Welcome, Dr. Ames.

01-00:00:33

Ames:

Pleased to do this.

01-00:00:34

Burnett:

It's great to have you here, and we're here in your home in Berkeley, and, I
want to ask you in this session to tell us about your family background and tell
us about—you can go back as far as you like or as far as you know, but tell us
a little bit about your family.

01-00:00:55

Ames:

My father's family were German-speaking, from Eastern Europe, Lemberg,
which I think now is Lviv in Ukraine, and they were a Jewish family. My
father had sort of dirty-blondish hair and blue eyes, so maybe there was a
Cossack in the family somewhere; I don't know where that came from.
Anyway, my son also has blue eyes. My father's father came over in the
1880s—I guess America was the big place to go in those days—they were
German speaking, and the family name was Umschweif, which was a German
name, full of consonants; that explained why it got changed to Ames later.
Umschweif, in German, I'm told, means not to get to the point, to talk around
the subject. My wife always accuses me, when I'm asked a question, I start off
with some related things, and don't get to the point quickly.

01-00:02:30

Burnett:

Well part of the point of this is to circumambulate, I guess, around your
family history.

01-00:02:37

Ames:

My father was born in New York City in 1900, easy time to remember. I won't
go into his family, but they were all very conventional, hardworking, and
smart, in contrast to my mother's family which I'll talk about in a minute. My
father I think skipped practically every grade in grade school. In those days,
the bright kids were just moved to a class ahead, and he was very bright. He
was always the youngest in his class, and he ended up getting a JD in law. He
was going to become a lawyer, but he was interested in science, so he also
ended up with a master's in chemistry, an odd background, and when the
Depression hit, he figured making a living as a lawyer was too risky.
I was born in 1928, and he started having a family, and so he went to teaching
chemistry in high school, and he was called Doctor because he had a doctor of
law, and pretty soon he was a principal of a high school, and then he moved
up quickly in the New York City school bureaucracy, and eventually, retired
as assistant superintendent of schools in New York, at one point he was in
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charge of science for the New York City School System. He was very
competent, focused, not too ready to try new things, calm. Once someone
asked my mother, who was a fireball, "Oh, Moe"—that was my father's
nickname—"has such a sweet disposition," and my mother said, "Oh he
doesn't have a sweet disposition. He has no disposition." My mom was very
lively and that's where the creativity in me came from, I think.
01-00:05:47

Burnett:

Your father's name, his nickname was Moe, but what was his—

01-00:05:52

Ames:

Maurice. It may have been Moishe or something, anyway, but he was called
Maurice U. Ames. The Ames came because his older brother opened a shop,
and I think a shoe shop, and then one of the brothers opened a lock-and-key
shop, and Umschweif was a hard thing to handle with all those consonants, so,
the older brother changed his name to Anglicize it to Ames, which was the
closest he could come up with, among Anglo-Saxon names, and all the other
brothers thought that was a good idea, so they changed their names.

01-00:06:47

Burnett:

Interesting. So it was not an Ellis Island thing. They were not assigned that
name. They actively chose that, because there was a lot of emphasis on
Americanization in those days, yes, so they wanted to fit in, or felt they
needed to.

01-00:07:05

Ames:

My father's brothers all did quite well. The older ones opened shops, but my
father's younger brother was a wiz at accounting, and he opened a firm, Ames
and Cohen, or maybe it was Cohen and Ames—I don't remember which—an
accounting firm, and they did very well.

01-00:07:34

Burnett:

From what you know in the European years of the family, was there an
emphasis on education, or as you say, was it more pragmatic, trade-oriented
work? Did it—

01-00:07:51

Ames:

I think they were in business of one sort or another, but Jewish families have a
very strong—you get your kids' educated, I think my father's older brothers
didn't go to college, but he did an academic route, and his younger brother did.

01-00:08:20

Burnett:

Do you remember where he did his doctorate in law?

01-00:08:25

Ames:

It was in New York.

01-00:08:28

Burnett:

At one of the universities.
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01-00:08:29

Ames:

NYU possibly. I don't remember exactly. My parents were just very different
in their personalities, but they had a very happy marriage.

01-00:08:49

Burnett:

Can you talk about your mother's side of the family?

01-00:08:51

Ames:

My mother was born in 1903, and came here when she was a child, in 1910.
They were Russian speaking, from Eastern Europe. I think part of the family,
were in Russia, part in Poland. They were in various businesses. My mother's
family was more intellectual than my father's family. In fact, I think all my
interesting relatives were on my mother's side, not my father's, who were a
little boring.

01-00:09:47

Burnett:

Now, "intellectual" has a lot of connotations and can go in different directions,
so, it could be from a kind of a religious tradition, a scholarly tradition; it
could be a radical tradition. Were they politically active, or—

01-00:10:06

Ames:

Not particularly. My mother was a secretary in a high school. I think that's
where she met my father, and she didn't go to college, but her older brother,
Aaron, after high school, he just hopped on the rails and traveled around the
country, and eventually, he became the richest one in the family, because he
opened a factory in New York for framing, so, every once in a while I come
across a painting, or a drawing, with "Andres" down at the bottom. That was
my mother's maiden name. I'm not quite sure where the family originated,
whether they were Spanish Jews and that was a Spanish name, or Greek, but
anyway—

01-00:11:18

Burnett:

A kind of Mediterranean-sounding name, yes.

01-00:11:22

Ames:

It's an unusual name, not particularly a Jewish name that I know of.

01-00:11:29

Burnett:

So there, your mother and father are together. It's the late twenties. The
Depression hits in 1929, and your father goes back to school to become—or
does he go back to school? He does a master's?

01-00:11:49

Ames:

No, he had a master's in chemistry, but he was called Doctor because he had
the doctorate in the law, a JD.

01-00:11:55

Burnett:

So he did the master's in chemistry before he did the JD.

01-00:11:58

Ames:

Probably.
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01-00:11:58

Burnett:

Oh, I see, okay.

01-00:11:59

Ames:

He was quite young, and so he was very focused, very competent, very sweet
disposition. Nothing phased him, and my mother was bubbly and always
ready to try new things, so she would always drag my father into something,
go to Europe. I went too when they'd go to Europe, but she would go and drag
him along.

01-00:12:35

Burnett:

Well, they're in such a dynamic city, and you grew up in Washington Heights,
is that right?

01-00:12:40

Ames:

Yeah, in upper part of Manhattan.

01-00:12:43

Burnett:

And, you grew up during the Depression, so you were born in '28, a year
before the crash, or so.

01-00:12:50

Ames:

December, '28.

01-00:12:53

Burnett:

So you're kind of a child of the Depression, in some ways.

01-00:12:58

Ames:

Yeah, but my father went into teaching into the school system, because the
Depression was coming, and he thought it's too risky being a lawyer, so he
just figured he'd do his career in the school system.

01-00:13:17

Burnett:

Right. So you, notwithstanding the tumult of the Great Depression, you had a
kind of stable family environment, and, so can you talk a little bit about what
you remember from your childhood?

01-00:13:37

Ames:

I had a happy childhood, and we were in an apartment house, on Fort
Washington Avenue, and I had lots of friends from school, and from the
building, and I remember my parents didn't seem to mind my hopping on a
subway train and going to the other end of the city. They gave me a lot of
freedom. The World's Fair was sometime around there, and so I would go off
to that.

01-00:14:15

Burnett:

In 1939, I think.

01-00:14:17

Ames:

I think that might have been '39.
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01-00:14:19

Burnett:

Yeah. Wow, do you remember that?

01-00:14:25

Ames:

Not much, but I remember the subway rides, so I learned to navigate the New
York subway system, which has really covered the whole city, and, let's see.
Is there anything I want to remember particularly from my childhood?

01-00:14:46

Burnett:

Well, it's a dynamic city. There's people there from all over the world, so
many different languages.

01-00:14:52

Ames:

You can hear all these languages just walking down the street.

01-00:14:57

Burnett:

And galleries, art galleries and things, did you go to those as a child?

01-00:15:02

Ames:

No, I wasn't too much into the arts.

01-00:15:08

Burnett:

Was your father an influence in terms, he had a master's in chemistry, he was
interested in science, or was it more of a practical decision for him?

01-00:15:18

Ames:

I think it was more practical. My father didn't get enthusiastic about things. He
was just the calm person in the household. My mother was more curious about
things.

01-00:15:38

Burnett:

Were the public schools good, do you remember?

01-00:15:40

Ames:

Yeah they were. I thought all my education was great. Then, when I was
twelve or thirteen, I forget, I took this competitive exam and went to The
Bronx High School of Science. New York City had a couple of high schools,
that had competitive exams to get in, and so it was full of bright kids from all
over the city.

01-00:16:14

Burnett:

The original magnet schools, I guess.

01-00:16:16

Ames:

Yeah. So, they have The High School of Music and Art, and The Bronx High
School of Science, and those were the two star schools of the system.

01-00:16:29

Burnett:

Okay. And so you got into the Bronx High School of Science.
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01-00:16:34

Ames:

Yeah, and that was great, because it was very good teachers, and I did my first
scientific experience there. Some class, you're supposed to do some science
project, and they gave people a fair amount of freedom, and somehow, I read
that you could take tomato roots and grow them if you added a hormone, and
so, I did that experiment and it worked beautifully, and I got very excited
because you could add the hormone and all these tomato roots grew without a
tomato plant, and it was a plant hormone. There was an institution called the
Boyce Thompson Institute, which specialized in plant science, and I think I
went there and got enough information so I could do this experiment, and
watching those tomato roots grow all by themselves when you added the
hormone was exciting, I remember, and was what sort of led me into science.

01-00:17:58

Burnett:

Discovering that a single chemical could have this powerful effect on this—in
those days, there was a lot of science fiction, like little short stories and stuff
that young boys were reading, and in movies, the Island of Lost Souls, and
that kind of thing, which were about mutation, transformation. Was that
interesting to you?

01-00:18:26

Ames:

I read some science fiction but I don't feel it had a huge impact on my life, but
that experiment—wow, you could do experiments—yeah.

01-00:18:40

Burnett:

And yeah, understanding that nature has these secrets that can have these
powerful consequences, so you wanted to understand more.

01-00:18:52

Ames:

Yeah, and the science courses at Bronx Science were really quite good.

01-00:18:58

Burnett:

So the teachers are good; what about the students? Did you—

01-00:19:01

Ames:

Oh yeah, there were all these bright students from all over the city, so I had
friends. All my friends tended to be A students. I was always a B-plus student
because I was too undisciplined to really work in getting A's.

01-00:19:17

Burnett:

So, talk to me about an undisciplined nature. Sometimes people are
undisciplined, sometimes people are very disciplined, and they can be
accomplished in either direction, but you aced this competitive exam to go
into Bronx High School, so—

01-00:19:42

Ames:

I guess I did well enough, but it was a fairly broad exam and my interest
hopped from one thing to another, and I'd read up on them—I remember I got
excited by the Mongols, and so I was reading ten books about the Mongols, or
I'd get interested in something else and just read up on the subject.
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01-00:20:08

Burnett:

And sometimes, you might see connections between disparate things.

01-00:20:12

Ames:

Yes.

01-00:20:14

Burnett:

That's interesting. So, you did well in this high school, and—

01-00:20:26

Ames:

Well, at least I got B's.

01-00:20:28

Burnett:

You got B's.

01-00:20:30

Ames:

I got an occasional A.

01-00:20:33

Burnett:

A "B" in those days was not the B that it is today, though. I think that's—

01-00:20:37

Ames:

No, there was no grade inflation.

01-00:20:39

Burnett:

And this was Bronx High School, so that's a high school of science, and so
this was—

01-00:20:44

Ames:

Yes, you were competing with the brightest kids in the city.

01-00:20:48

Burnett:

Right. And it didn't bother you, and it didn't bother your parents, I suppose, or
did it, if you were getting—did they want you to get A's?

01-00:20:58

Ames:

Oh, I'm sure they did, but all my friends were sort of the top kids in the class,
and I didn't think too much about it. I was happy and learning things.

01-00:21:16

Burnett:

There's something about the environment when you're with curious, driven
people that they can inspire you in different ways, and the grades are just a
marker, but you're actually learning all about—

01-00:21:34

Ames:

There was so much to learn. It was a wonderful experience for me.

01-00:21:44

Burnett:

Do you have siblings?

01-00:21:46

Ames:

Two younger sisters. They never were particularly intellectual, very nice
people, but, my sister Sylvia went into school teaching, and went to New Paltz
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Teachers College, and she did well in her area—I think they had a little more
of my father in them than my mother. Beth was a very lively person. Again, I
don't remember the exact years, but I think Sylvia's three years younger, and
Beth is maybe three or four years younger than Sylvia.
01-00:22:44

Burnett:

Okay, so you're the eldest.

01-00:22:45

Ames:

Yeah, I was the eldest, and the boy in the family, so I got lots of parental love.

01-00:22:57

Burnett:

Right. So, you were born in '28. The Great Crash is '29, October, '29, and
another big milestone is in 1939.

01-00:23:14

Ames:

Yeah, the war.

01-00:23:14

Burnett:

Yeah, the war. Can you talk about—

01-00:23:16

Ames:

Well the US wasn't in the war then, but yes.

01-00:23:21

Burnett:

But things are already changing and there's—

01-00:23:26

Ames:

Well my father missed the First World War because he was too young, First
World War was 1914 to—

01-00:23:36

Burnett:

'Eighteen.

01-00:23:36

Ames:

So he was too young for that, and then the Second World War, he was too old,
and had a family and everything. So he wasn't in either war, but his younger
brother Irving, the accountant, went into the Army, and they needed
accounting, so he ended up not going overseas, but he was a major. He was in
Biloxi, Mississippi, and he was in charge of some big accounting unit for the
Army.

01-00:24:20

Burnett:

Mm, right. So, do you have particular recollections of how things were
different, because now you're, by the time the US is actively in the war, you're
twelve, thirteen years old, right around the time you take this exam, the high
school. Do you have any recollections of the war?
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01-00:24:43

Ames:

I remember we'd read the newspaper avidly, in what was going on, and then
of course, when the Japanese attacked Pearl Harbor, that was a big change,
and all of that, but I was too young for the war.

01-00:25:01

Burnett:

Certainly. Do you remember December seventh? Do you remember what you
were doing?

01-00:25:09

Ames:

No, I don't remember what I was doing, but it was a special day, and as I say,
the only relative that was in the Army was my uncle, and he had this sort of
prosaic job doing accounting for the Army.

01-00:25:35

Burnett:

Well, those war years of direct US involvement from the beginning of 1942
until the end of the war in '45, those are kind of your high school years, so, by
the end of high school, that's roughly coterminous with the end of the war.
Can you talk a little bit about what you were thinking, what you remember
thinking about the future during the war, and at the end of the war, because
you're a young adolescent boy becoming a man, and there's all this global
conflict happening at the same time.

01-00:26:28

Ames:

I can't remember too much from those days. I do remember when I got to
Cornell in 1946—again, there was a competitive exam to get into Cornell and
I managed to get some scholarship at Cornell—many students were returning
soldiers from the war, and much more mature than I. I was always the
youngest in the class—when you're born in December, you get lumped in with
people who were born earlier—and I was always the smallest in the class. I
didn't grow. I was five-nine when I grew up, but now I'm five-seven. You
shrink with age, but, so I was the youngest and the smallest in the class all the
time.

01-00:27:30

Burnett:

But when you made the decision to go to Cornell, did you have a particular
career in mind? Were your parents involved? Did they say, "You should go to
college," or was it something you wanted?

01-00:27:44

Ames:

Oh they wanted me to go to college, but they didn't care what field I went
into. So, I was always interested in chemistry, and then in biochemistry.

01-00:28:00

Burnett:

Did you ever have a chemistry set, at home?

01-00:28:04

Ames:

I think so.
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01-00:28:06

Burnett:

Were those very rudimentary, though?

01-00:28:09

Ames:

Yes, they were.

01-00:28:10

Burnett:

That was kind of more like a toy?

01-00:28:11

Ames:

Well, my father at one point was in charge of science for the New York high
schools. I have a few books he wrote about science for high school students.
Cornell was wonderful. You're away from your family, and you're carving out
your own life.

01-00:28:37

Burnett:

Yeah. I guess you would have been seventeen when you went?

01-00:28:44

Ames:

Let's see. I was there—

01-00:28:45

Burnett:

Something like that. Oh, like maybe earlier, then.

01-00:28:47

Ames:

—from '46 to '50.

01-00:28:49

Burnett:

Right. So December, '28, you were born. Yeah.

01-00:28:53

Ames:

So, I know I got involved with folk dancing at one point. I had a cousin who
was an avid dancer in folk dancing, and so I could do the Swedish hambo and
the polka, and I was good at it, so, I used to be on the exhibition team, and that
was the first thing I did really well in my life.

01-00:29:27

Burnett:

That is surprising. That's the first thing you did really well, in life?

01-00:29:32

Ames:

That's what I felt.

01-00:29:33

Burnett:

That's great. Now, tell me about this kind of—it's an exhibition group, so you
would go on tours?

01-00:29:40

Ames:

No, it wasn't that. It's just, if we did an exhibition for somebody, I usually was
on the group that was dancing.

01-00:29:51

Burnett:

And did they have a kind of folk orchestra, or band, that accompanied you?
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01-00:29:56

Ames:

I don't remember too much of the details.

01-00:29:58

Burnett:

But it's something you really enjoyed.

01-00:30:01

Ames:

I enjoyed it, and I felt, I'm really good at this.

01-00:30:08

Burnett:

We talked off camera about passions, and early passions. I could make an
assumption that you were captivated by biochemistry and that's all you wanted
to do, but you were interested in other things too. Can you talk about—

01-00:30:23

Ames:

Oh lots of things. I was always a bookworm. When I got interested in the
Mongols, I'd go to the library and take out a stack of books on the Mongols,
they had conquered China. And later the Turks had gotten up to the gates of
Vienna, when finally, the Europeans realized this wasn't good, and so Poland
sent an army, and Sweden sent an army, and they beat them back. The
Europeans said, "Hey, this is enough," and they beat them back. These were
Turks and part of the Ottoman Empire, but descendants of Genghis Khan.
Anyway, so every ideal and new enthusiasm, I'd grab the stack of books and
read about them.

01-00:31:27

Burnett:

It's something that, for young people today with the Internet, they might
wonder like, if you were curious, what did you do, and if you were in a small
town somewhere, you might have a small library, or maybe no library at all,
but you were in New York City, in Washington Heights.

01-00:31:49

Ames:

But every summer, my family went up to a place called Warrensburg, which
was Upstate New York on Echo Lake, and there were all these houses for rent
around the lake, and so every year, my father would go to the same house, and
all his friends from previous years were there—they were all New York City
school teachers—and that was wonderful. There was the town library, and I'd
go and get out a stack of books on some subject or other, and read it, and was
playing around the lake and had friends, and collecting this animal or that
animal, whatever. My mother wasn't too happy with the snakes, but I could
get frogs and whatnot, and so, it was a wonderful place to spend the summer.

01-00:32:53

Burnett:

Did you try to keep the animals as pets, or were you observing them?

01-00:32:57

Ames:

I don't remember it all but I—
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01-00:33:01

Burnett:

So getting out in the country was restorative for the family. I imagine it's
pretty noisy in Washington Heights and you wanted to—

01-00:33:12

Ames:

And there was a farm nearby, and my mother would send me off on my
bicycle to buy some corn for the dinner, and the farmer would pick the corn,
and I'd rush back and it'd go into boiling water and it was just delicious,
because it was fresher before all the sugar went to carbohydrate. If you wait
too long, the corn doesn't taste as good.

01-00:33:35

Burnett:

No, yeah, right off the stalk.

01-00:33:37

Ames:

I remember that well. And then there were tennis courts. I must have been
born without a sports gene, because I was never interested in sports very
much.

01-00:33:53

Burnett:

But it gave you time. There was lots of time to play and to read.

01-00:33:57

Ames:

Yes, I did a lot of reading—

01-00:34:04

[break in audio]
01-00:34:09

Burnett:

Before we continue talking, I want to ask you a little bit more about your
youngest sister.

01-00:34:15

Ames:

Oh right, I got off onto a different subject. So she's a very lively person. I
think she has a little more of my mother in her, and she is an artist, and has
stopped making a living as an artist, but she did well, and she and her family
live in Arizona, and we all get together every once in a while.

01-00:34:47

Burnett:

Is she a painter? Is she a—

01-00:34:49

Ames:

Yeah.

01-00:34:50

Burnett:

Okay. That's great. So, we were talking about the war years, so there's a lot of
wrenching change around the world, and your experience of it was limited and
thankfully so, and—

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

13

01-00:35:15

Ames:

I never, except for reading headlines—I learned a lot of geography, but I was
always marching to my own drummer.

01-00:35:28

Burnett:

So you weren't particularly worried about the outcome of it or anything. It
was—

01-00:35:35

Ames:

Don't remember thinking about that at all.

01-00:35:38

Burnett:

But you do arrive at Cornell. There's a lot of returning veterans, and that was
somewhat of a difficult adjustment for universities, so they're expanding to
accommodate these returning veterans, and tell me about Bruce Ames, the
student, at Cornell.

01-00:35:59

Ames:

Ah. Well, so I took all the biochemistry courses there, and I was always
interested in genetics so I took every genetics course I could get. I had lots of
bright friends, so they used to hang out at the music room, where there was
Beethoven going all the time or Mozart or something classical, so that's the
first time I really got interested in classical music. Had a friend who was
interested in that and played the piano. So it was a time of growth, and I had
the experience with folk dancing, so I joined the folk dance group at Cornell,
and met a lot of people that way.

01-00:36:55

Burnett:

So, it's often said that there's this connection between science and music, or
mathematics and music, at any rate. It was obviously cultural. I think music
had an important place in people's lives generally, but it's often said, when I
talk to scientists, that "music is a part of it." Was music interesting to you or
was it kind of peripheral? It sounds to me like it maybe was at first.

01-00:37:27

Ames:

It was a little more—

01-00:37:27

Burnett:

You didn't study an instrument.

01-00:37:28

Ames:

—peripheral, but I did get interested in classical music, so—

01-00:37:33

Burnett:

Did you play instruments, as a child?

01-00:37:35

Ames:

I played the recorder, or it's Blockflöte. I was never that good, but a few times,
we had groups get together and play.
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01-00:37:52

Burnett:

So you read music.

01-00:37:53

Ames:

Yeah.

01-00:37:54

Burnett:

Okay. So there must have been some kind of training in there at some point,
that—

01-00:37:58

Ames:

Never took any formal courses, but I did get lessons, and then I got a
secondhand clarinet and dabbled on that for a while. In fact, the guy who
played the clarinet very well, one of my friends, guy named Dick Silver—I
met him recently—he's a distinguished surgeon or doctor, anyway, and I
looked him up when I went to New York, and he had been deciding whether
to go to medical school, or become a professional clarinetist, and he ended up
going to medical school, but he was good enough to give clarinet lessons to
anybody that wanted, so I'd dabbled on the clarinet for a while. So I did
graduate from the recorder with a very limited thing to a really serious
instrument, but I was never passionate about it the way I was about other
things.

01-00:39:08

Burnett:

Yeah. So folk dancing. Literature.

01-00:39:13

Ames:

Folk dancing, I was always good at that.

01-00:39:22

Burnett:

And you got reinforcement from it and like people recognized it, or did you
just feel like, I'm good at it in terms of my own estimation?

01-00:39:34

Ames:

Yeah, and one would meet girls, and people. I was always sort of shy, so I
never had a permanent relation when I was in college.

01-00:39:54

Burnett:

So, it was an opportunity to bring you out of your shell?

01-00:39:58

Ames:

Yeah. And, I remember when I got to Caltech in 1950, that was a wonderful
time. At one point, I got invited to a party at Linus Pauling's house—I don't
remember why I was invited or how I got to know him, but anyway, he had a
house up at Altadena that overlooked all of Los Angeles, and there was a little
band there playing waltzes. I was a demon waltzer, so I picked the prettiest
girl in the room, who was Linda Pauling, and I was the only one who knew
how to really waltz well, so we spent the whole evening dancing, and I was
smitten, but nothing ever came of it.
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01-00:41:00

Burnett:

Wow, I didn't know about the important utility of folk dancing until now.
Ballroom dancing, I took ballroom dancing, if you can believe it, in the 1970s
as part of a school curriculum, so even then it was still kind of at the tail end
of that thing, but I think at the time, this was socialization, right? It's about
men and women, young men and women getting together and formally doing
a dance, and then there are everything that surrounds that, and it's a useful
skill to have especially if you're shy.

01-00:41:42

Ames:

Yeah, and I was good at it, so it was my entry into many of these things.

01-00:41:50

Burnett:

Absolutely. Talk to me a little bit about biochemistry and genetics around that
time. Some of the—

01-00:42:03

Ames:

So this was before molecular biology, but the geneticists were turning up all
these problems that they didn't know how to solve, and the biochemists didn't
know existed, and I was in the sweet spot because I knew both fields, and I
think that's a big advantage when you go into science. You don't want to
compete with ten thousand bright young guys. You want to be in an area that
you're opening up.

01-00:42:35

Burnett:

Being between things, I think, because disciplines—I mean, it literally means
"to follow," right? So to be in this path, and you've described yourself as
undisciplined with a different meaning, but maybe there's something there,
that you're interested in the interstices of formal bodies of knowledge.

01-00:43:00

Ames:

When the Watson-Crick paper came out about the structure of DNA, I
presented in our biochemistry journal club, and all these old famous
biochemists were saying, "Oh, it's very speculative," and finally I said, and I
was a young kid, basically, and I said, "Hey you guys, just keep quiet. This is
the paper of the century," and so I sort of shamed them into listening.

01-00:43:33

Burnett:

That's wonderful. Well, I'm really curious about scientific practice and your
undergraduate education. So you go to Cornell. What is it like? Are you in a
big lecture hall, where there's a professor at the front, and are there
demonstrations of experiments? Is it following a textbook?

01-00:43:59

Ames:

I say, I don't remember that well, but it was probably something like that.

01-00:44:04

Burnett:

Did you go to all your classes?
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01-00:44:08

Ames:

I would occasionally skip a class if it was boring, and if I was enthusiastic
about something and be reading up on something.

01-00:44:19

Burnett:

Talk to me about reading up. So, you had an assigned reading for each class.
When you would read up? Did you sometimes read outside of the class,
outside of what was required?

01-00:44:35

Ames:

I think so. I was always very curious, and interested in lots of things, so I had
a broad reading background, and knowing two fields, when I came out as a
professor at Berkeley, nobody knew any genetics, so I introduced genetics to
the biochemistry department, or introduced genetics to the old-line
biochemists, what does genetics have to do with biochemistry.

01-00:45:14

Burnett:

And it's you and a whole bunch of others are, they're reaching limits in these
fields, and they're realizing there's all these problems and they're beginning to
put together what becomes—there's the evolutionary synthesis; there's the
beginnings of molecular biology; and it's all happening, and it's a small
community. It's a fairly small world, isn't it?

01-00:45:43

Ames:

Yeah, everybody knew everybody.

01-00:45:45

Burnett:

It's amazing. So, I'm wondering if you could tell me about the professors at
Cornell, and talk about what Cornell was in terms of a—it's not just any
university. It's kind of a special place. Can you talk a little bit about Cornell
and some of the professors you met there that had an impression on you, and
on whom you had an impression?

01-00:46:11

Ames:

Well, I would say the most influential was a guy named Srb, S-r-b. I think he's
from the mountains of Montenegro, or something like that. Anyway, he was
interested in the interface between biochemistry and genetics, and wrote a
book on that in fact, and that was what I was interested in, so, I found it a very
exciting course, and it shaped my future career.

01-00:46:46

Burnett:

He was quite a polymath too. He was interested in all kinds of different things.
He did a degree in English literature.

01-00:46:53

Ames:

I didn't know that much about him, other than he was very sympathetic, and
he took a liking to me because I was passionate about the subject.
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01-00:47:04

Burnett:

I think he was from Nebraska, originally, and then he did his PhD at Stanford,
and he had worked for George Beadle at Caltech.

01-00:47:15

Ames:

Yeah, Beadle was from Nebraska.

01-00:47:17

Burnett:

And I don't want to foreshadow too much in this interview; he was working
under George Beadle on nutritional mutants of crop plants. So he was doing
experiments by adding vitamin B1 to crops to see how things changed.

01-00:47:35

Ames:

I didn't even remember that. No, Beadle was a pioneer in this whole area and
won a Nobel Prize in fact, and he was chairman of biology at Caltech when I
went there. Beadle was an interesting character. He was from Wahoo,
Nebraska, and whenever there was a group, he was the hick. That was his
mask, but he was always the smartest guy in the room.

01-00:48:05

Burnett:

So he played the role of the guy from a provincial backwater, with an accent.

01-00:48:12

Ames:

Just a farm boy from Nebraska, yeah.

01-00:48:20

Burnett:

That's interesting.

01-00:48:20

Ames:

But he was a very smart fellow.

01-00:48:22

Burnett:

Oh, of course. I just thought it was interesting that, you talked about your
early science experiment for a science fair, I guess, at Bronx High School,
where you were adding a hormone to the roots of a—and, so, my sort of basic
reading of early research in genetics, like the [Thomas Hunt] Morgan group
and in the plant group—Adrian Srb, he studied agronomy, so this is connected
to the larger project of agricultural improvement, in crop breeding and plant
breeding, that kind of thing.

01-00:49:06

Ames:

You know, Beadle made some important contributions to corn genetics.

01-00:49:13

Burnett:

Yeah, because there's the development of hybrid corn.

01-00:49:16

Ames:

Yeah, so they were all farm boys, so that's—
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01-00:49:20

Burnett:

That's interesting. So, as with your experiment with the tomato, and thinking
about Srb's work on adding vitamin B1, you're observing what happens by
kind of changing one variable at a time, and so you're adding vitamin B1—
what happens—provoking a kind of crisis in a life form, and seeing what
happens, can you generate mutations with radiation, that kind of thing. So, I'm
interested in what a scientist sees, in quotation marks, when you're doing
genetics research or you're doing biochemistry in the 1930s and forties. What
does a scientist, what does a researcher see? What are they looking for to learn
about the natural order? Can you think of some examples of kind of scientific
practice that you would do?

01-00:50:32

Ames:

Well, when I went to Caltech, I got a whole series of mutants requiring
histidine, one of the amino acids, for growth. So this mold would grow on a
simple medium, but if you mutated it, it wouldn't grow unless you gave it
histidine, and that came out of the whole Beadle-Tatum—in fact, they got a
Nobel Prize for it all, showing that you could make mutants in biochemical
pathways, and then [Norman] Horowitz, the "one gene, one enzyme" guy. He
was a professor there who was more theoretical. It was a great place to be.

01-00:51:34

Burnett:

Tell me, if you're working in biochemistry, there was an interest at that time,
and, so, distinguish that from say, genetics. What are you looking at when you
did biochemistry in those days?

01-00:51:58

Ames:

Well, I worked out the pathway of histidine biosynthesis, but when I got to
Caltech, [Herschel] Mitchell had mutants of Neurospora that required
histidine. I practically did my whole thesis my first year at Caltech. Histidine
has an imidazole ring on it, and some German had worked out some color
reaction for imidazoles, and I turned that into a spray reagent for paper
chromatograms. That's how you separated molecules in those days.

01-00:52:42

Burnett:

Well I want to talk about that in some detail in a next session if we can, but I
think you're so learned and you're into the details of how things work, but, so,
biosynthesis in general is this process by which the body takes simple
molecules—

01-00:53:10

Ames:

It converts sugar to an amino acid.

01-00:53:13

Burnett:

And it can make these larger, more complex molecules to do the work that the
body needs to do to sustain itself, and to grow, and so you're looking at almost
the mechanics of that—

01-00:53:30

Ames:

Right—
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01-00:53:30

Burnett:

—the chemical—

01-00:53:30

Ames:

—and the way to dissect it through the genetics, because a mutant is defective
in one step of this pathway, and so genetics is a terrific way of working out
pathways.

01-00:53:43

Burnett:

Yeah. So you break it, and to see how things operate; if you remove
something, what happens?

01-00:53:51

Ames:

Right.

01-00:53:52

Burnett:

So you had this influence from Adrian Srb. He eventually, I think, goes into
this one gene–one enzyme hypothesis work, but he was inspiring to you—

01-00:54:21

Ames:

Yeah, I think like, my grades weren't great. Again, they would tend to be B's
and B-pluses, occasionally. Srb, though, took a liking to me. I was turned
down by a few other schools, but I think the reason I was accepted to Caltech
is, Srb must have written an enthusiastic letter.

01-00:54:45

Burnett:

Yeah. So he saw—what do you think? I'll just ask you to guess. What do you
think he saw in you?

01-00:54:54

Ames:

Well, an enthusiasm, and curiosity.

01-00:55:00

Burnett:

By the time you're in your junior year, these are smaller classes? How big
were your classes?

01-00:55:09

Ames:

The Srb class was pretty small.

01-00:55:12

Burnett:

Like ten—

01-00:55:12

Ames:

I don't remember.

01-00:55:13

Burnett:

—ten people?

01-00:55:14

Ames:

Yeah, something like that.
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01-00:55:15

Burnett:

Okay. All right. So it's getting to be almost like a graduate seminar, at that
point, where you can really—

01-00:55:21

Ames:

And this was a specialized field, but somehow I felt that's the key to
understanding a lot.

01-00:55:29

Burnett:

Yeah. Well you were interested in, you were following both throughout, so
you studied. You took genetics courses and biochem courses together, and
that was unusual, people would just do either genetics and specialize?

01-00:55:44

Ames:

Right. So being between fields gives you enormous advantage as a scientist,
because you see the problems the geneticists turned up and didn't know how
to solve, and the biochemists didn't know existed, yeah.

01-00:56:00

Burnett:

And there's a lot of hopping around that's going there. Thomas Hunt Morgan
is the director of biology at Caltech in the thirties, and then George Beadle
replaces him. So that's like the old guard is—

01-00:56:18

Ames:

Morgan was a relative of J. P. Morgan, that big financier from a very
successful family out of Kentucky.

01-00:56:33

Burnett:

And he's on the ground floor of that early genetics revolution at the turn of the
century, and their model organism is Drosophila.

01-00:56:43

Ames:

Yes, the Drosophila eye is red, and they saw mutant Drosophila that had
white eyes, and that got them into figuring out about making eye color, and
mutants, and pathways.

01-00:57:00

Burnett:

Yeah, and that there is particulate inheritance, because at the turn of the
century, they were still thinking about, is it a blend? They weren't quite sure
what the unit of the gene was, and they were doing that research.

01-00:57:16

Ames:

Morgan was a great scientist, and Beadle was a great scientist, so they—

01-00:57:23

Burnett:

I think it was Delbrück—he's a biophysicist, so this is another case of
someone coming from another domain. He's coming from physics, and
developing an interest in biology, and as a physicist, he gets to Caltech, and
looks at the Morgan program and says, "Drosophila is hopelessly complex.
You need to go more basic," so that's where they start looking at bacteria as
the phage program.
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01-00:58:06

Ames:

So I think when Delbrück came as a young professor to Caltech, he went
around and talked to all the people, and there was a guy in the basement
working on bacteria, and bacterial viruses, and he figured that's something he
can dissect, as a physicist.

01-00:58:32

Burnett:

Right. So, I guess the point is that you're entering an area that is in formation.
It's multiple disciplines. People from multiple disciplines are coming together
and talking to one another, and they're realizing these deficits. They're
realizing that the experiments could be done differently—you could use a
different organism—and you're right there.

01-00:59:05

Ames:

Yeah, the model organism had a lot to do with what its advantages are, but
people settled on Drosophila, which was much better than breeding animals,
or mice, and then switched to Neurospora, this mold, and Neurospora, the
genetics was, you could do it but it was complicated, and then people went to
bacteria. All these had something to contribute.

01-00:59:35

Burnett:

Right. So you excel in a way, not on paper, but you excelled in that you
impressed a key figure, Srb, who knew other people at other institutions.

01-00:59:53

Ames:

Yeah. So he suggested I go to Caltech because that's where the new things
were happening.

01-01:00:02

Burnett:

Yeah. You must have been impressive, because I think that that's how top
people were identified, but it wasn't through grades. Can you talk a little bit
about how learning worked for you, because you were not motivated by
grades, it seems.

01-01:00:23

Ames:

Yes, I never cared too much about what my grades were, but what I learned,
so I was always going off in my own direction, and that, in a way, my career
has been made out of my creativity.

01-01:00:43

Burnett:

You must have demonstrated something like that. So, it would just be in class,
that you would talk to Adrian Srb? Did you ever talk to him outside of class?

01-01:00:52

Ames:

I think so. I don't remember very well. In fact, I should have looked him up,
but I never did, so, that's—

01-01:01:02

Burnett:

Oh, so he sort of made that recommendation, and then you went out West, and
you didn't keep in touch or anything.
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01-01:01:12

Ames:

No.

01-01:01:12

Burnett:

Yeah. It works that way sometimes.

01-01:01:17

Ames:

Feel a little badly about that, because he had a big influence on my life.

01-01:01:22

Burnett:

Well, he probably knew. Those people tend to follow, and see how people do.
So, your idea was to grow as a young man, right? You wanted to learn about
the world, and you developed strategies for engaging with people at different
levels, and folk dancing was a part of that, and you moved through the basic
courses, and by the end of it, you were doing almost these kind of small
seminars in your junior and senior year, and with that, you had this
recommendation, you think. You're not sure that you were recommended by
Srb.

01-01:02:14

Ames:

No, I don't know.

01-01:02:15

Burnett:

Right, but it seems likely.

01-01:02:17

Ames:

It might be in the Caltech archives, but I never had the—

01-01:02:21

Burnett:

We can find out. But yeah, you were turned down by the University of
Wisconsin, but to be accepted by Caltech with that, incredible — that's a
major center for what becomes the molecular biology revolution. Can you talk
about that move? You are accepted there. Your parents' reaction, did they
think—did you think you were going to become a scientist, at that point?

01-01:02:54

Ames:

Oh, I think from an early age I knew I was going in that direction, but Caltech,
I was only there three years and got my PhD, but it was really formative and
gave me the security that I could make it in science. But we'll talk about that
when we talk about—

01-01:03:17

Burnett:

Sure. Yeah, and so you graduate and you're twenty-one?

01-01:03:25

Ames:

Yeah, something like that, and I got my PhD at twenty-four.

01-01:03:32

Burnett:

Yeah, they're not accelerated. That's how long they took in those days, right?
It could take five years.
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01-01:03:46

Ames:

Yeah. And as I say, basically, I did my thesis in my first year and the rest was
just sort of mopping up.

01-01:03:57

Burnett:

Did you know who you were going to work with, when you—

01-01:04:01

Ames:

At Caltech?

01-01:04:02

Burnett:

Yeah.

01-01:04:03

Ames:

No, but when I talked to everybody, Mitchell was isolating mutants of
Neurospora, and doing the genetics, and then using that, so he was a very
good scientist, and he was the sort of guy who I'd go in and say, "Look, I
found this, I found that," and he was always very interested and supportive,
but he'd never tell me what to do—"that's up to you"—and that's just what I
needed, and—

01-01:04:36

Burnett:

The freedom to explore?

01-01:04:38

Ames:

Yeah.

01-01:04:40

Burnett:

But you had already, it sounds like, figured out what some of the problems
were, what some of the gaps were.

01-01:04:48

Ames:

Yeah. Well, I was lucky in that everything worked that first year and I cracked
the problem, and the rest was sort of mopping up.

01-01:05:01

Burnett:

Right. Can you talk a little bit about Mitchell?

01-01:05:05

Ames:

Yeah, Mitchell, he was a Midwesterner, and had done a PhD with Beadle and
Tatum, so he was into biochemical genetics right from the beginning, and very
supportive guy, and from my development, he was terrific in that he was
supportive, but he never told me any experiments to do, so, it was up to me to
figure, well—

01-01:05:43

Burnett:

Right. So, to get a sense of the environment, can you talk a little bit about
Max Delbrück, Max and Manny Delbrück?
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01-01:05:57

Ames:

Yeah. So somehow, Delbrück was this charming German who was trained as
a physicist, and he collected odd people around. He went to Vanderbilt first
when he came to the States, and picked up an American wife, who was very
gregarious, and they made a terrific team. They would have all these parties,
and the violinist on the symphony orchestra would be there. They had all these
odd friends, and somehow, they took a shine to me so I got invited to all their
parties. So even though I was working for Mitchell, I hung out with the
Delbrück crowd.

01-01:06:49

Burnett:

And it's Delbrück who settles on phages as the model organism, so that
replaces the—not replaces, but it's a new Drosophila. It's a new model
organism that becomes important, and Neurospora is kind of—

01-01:07:07

Ames:

And that was his mathematical background. Figured that that's something he
could handle; it wasn't too much biology in that, yeah.

01-01:07:16

Burnett:

So he's interested in standardizing things.

01-01:07:21

Ames:

Yes, and understanding, so one virus goes in and thirty come out, how does all
that work?

01-01:07:28

Burnett:

Right. Yeah. I understand that this becomes quite a research program, and I
think in '37 he's doing this, and by '44, he's proposed a "phage treaty," to
standardize research organisms and methods. So he felt like things were too
chaotic, and he wanted to make the data intercomparable.

01-01:07:57

Ames:

So they picked E. coli bacteria, and T4 phage, and anyway, he was good at
organizing things and all his students would work on that system, so that
moved ahead much more rapidly.

01-01:08:16

Burnett:

Were you aware of that research program, or was it just that he was this
charming figure who—

01-01:08:23

Ames:

I was aware of it. He was sort of an odd guy, obviously very bright, but a little
aloof.

01-01:08:43

Burnett:

But he was a kind of social node. He was bringing people together.

01-01:08:47

Ames:

Yes.
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01-01:08:49

Burnett:

He invited you to these parties.

01-01:08:53

Ames:

Yes. Again, there must have been something in me that—

01-01:09:01

Burnett:

Well is the community small? I think it must be, right?

01-01:09:06

Ames:

Yes.

01-01:09:07

Burnett:

So, it's a life sciences community, and people who were working. You weren't
working directly with that research program.

01-01:09:17

Ames:

Right. I didn't work with him, but I was much closer to him in some ways than
I was to Mitchell.

01-01:09:26

Burnett:

There's a lot of young people in this. This is a new area. I think a lot of even
the professors were quite young, is that right?

01-01:09:35

Ames:

Yes. So Seymour Benzer, who is a big star in that area, he came from a
physics background too and he and Delbrück were buddies. No, there were
small groups of people who interacted and moved some of the field forward.

01-01:10:04

Burnett:

Can you talk a little bit about Caltech, about how it was set up with respect to
the life sciences? What department you were working in? In Cornell, it was
kind of an ag [agricultural and mechanical] school, right, and there was this
interest in agronomy. How did it work at Caltech?

01-01:10:32

Ames:

Oh, it was much more fluid, so people interacted in all sorts of ways, and
through Beadle, they hired really good people, and so, Benzer was there, and
Delbrück, and the Neurospora people.

01-01:10:53

Burnett:

And all in the same space? Was it a single life sciences building, or—

01-01:10:57

Ames:

Yeah, all in the same building. So my friends, fellow graduate students, were
working on many different things, so you'd learn a little bit about who was
doing what.

01-01:11:10

Burnett:

Right. Now, were there formal opportunities for people to present work across
subfields? Was there a seminar or a workshop?
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01-01:11:23

Ames:

Yeah, there were lots of seminars.

01-01:11:30

Burnett:

So there was like both formal and informal pathways for communicating new
research.

01-01:11:39

Ames:

The Delbrücks were very social, a lot through Manny Delbrück, the wife, and
I remember once we took a trip to Mexico, and through the desert where the
flowers were blooming, and anyway, they had organized all this. At one point,
they stopped the car, and the men want to go out and pee, and there was a
cornfield there so we went out and peed in the cornfield, and suddenly, we
realized someone was shooting at us. Maybe the owner or somebody had a
rifle, and was shooting at us. So we, of course, got out of there in a hurry, but
it was very dramatic.

01-01:12:33

Burnett:

He thought you were there to steal their corn or something?

01-01:12:35

Ames:

Probably.

01-01:12:36

Burnett:

My goodness. That's a bit dramatic.

01-01:12:42

Ames:

Yeah. So, the Delbrücks would do things like that, and their people that hung
out at the Delbrücks' were very mixed group, as I say, the violinist on the
symphony and other people from different labs, and I don't know. I guess they
just had a liking to certain people, and the Delbrück crowd were a mix.

01-01:13:11

Burnett:

So it was kind of a salon atmosphere?

01-01:13:13

Ames:

Exactly.

01-01:13:14

Burnett:

Okay. So you had people in different areas and you would socialize, and—

01-01:13:19

Ames:

Yeah, so that was wonderful for me, because I was very young, and—

01-01:13:27

Burnett:

And, we talk about sort of culture, so you had the George Beadles who had
this kind of homespun persona, and it was a disarming persona that he was
able to use to effect.
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01-01:13:50

Ames:

He played the hick from Wahoo, Nebraska, but he was really smart, so, in
some meeting of different people, he'd always ask the key questions, and—

01-01:14:03

Burnett:

But you had others, like Delbrück who was German, and of course, the
American research university is influenced by German higher education
models, really comes out of that. Were there different styles of teaching?

01-01:14:32

Ames:

Oh yeah, every person was different.

01-01:14:37

Burnett:

Was it hierarchical, or was it relatively flat? Like once you became a graduate
student, were you seen as a clay to be molded, or were you seen as a peer to
exchange ideas with?

01-01:14:54

Ames:

Yeah, I always felt I could contribute when I could, and people would listen,
so it was fairly flat and everybody was interacting all the time.

01-01:15:06

Burnett:

Right. Well, we could talk a little bit about—

01-01:15:11

Ames:

Let's see. Have we finished Cornell?

01-01:15:14

Burnett:

Well, I don't know. Maybe we have not. Well, one thing I could ask you,
because we were on the subject of kind of passions, not necessarily associated
with science. So you also studied history. You read literature.

01-01:15:35

Ames:

Well, yeah. I had pretty broad interests, and I remember Marcham was a wellknown professor of history there, and I signed up for his history course, and it
was wonderful, because instead of just saying, "This happened and this
happened," he gave you the documents from some period, and they were all
somewhat contradictory. He said, "Here, as a historian, we have to figure out
what really happened," and it was fun. Not too many people teach a course
that way.

01-01:16:17

Burnett:

History courses could be a lot of rote learning, so you would just sort of,
"here's the textbook," and follow that. You were inspired by the critical
thinking that was involved in that course. It was already aligned with how you
liked to think, so—

01-01:16:42

Ames:

I always liked to read history, so I'm always reading some kind of history.
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01-01:16:51

Burnett:

So, the motto of the Royal Society of London is "Nullius in verba," which
very loosely translated is, "Don't take our word for it, find out for yourself,"
basically. So that was kind of your approach, like you didn't want to just
follow a path. You wanted to look at multiple research traditions, and soon
enough, you started to see that there were problems or unanswered questions
in particular areas.

01-01:17:31

Ames:

Yes, I would always see some connection—I don't know whether other people
had seen it—that opened up some area.

01-01:17:39

Burnett:

When you were at Cornell, was there talk about the limitations of disciplines,
or was it something you figured out after the fact?

01-01:17:50

Ames:

I don't think I ever studied any of that in a formal way.

01-01:17:54

Burnett:

Okay. So you were taking the classes, and you were enjoying what you were
learning in each path, and later on, it helped you.

01-01:18:04

Ames:

Yes.

01-01:18:05

Burnett:

Okay.

01-01:18:07

Ames:

Oh, Cornell was terrific, because it was my first time living alone, and running
your own life, and making friends.

01-01:18:19

Burnett:

Did you live in a dormitory, or in—

01-01:18:22

Ames:

No, somebody was renting some rooms in a building and I rented one.

01-01:18:30

Burnett:

Okay, so it was like a boarding house, basically, situation, and they had like a
dinner—

01-01:18:36

Ames:

No, I had to forage for food.

01-01:18:40

Burnett:

You had to forage for food? Okay. Did you have a favorite restaurant you
would go to, or—

01-01:18:44

Ames:

I forget that.
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01-01:18:46

Burnett:

So it had a kitchen in it? You could cook?

01-01:18:49

Ames:

I don't even remember that. I don't think so.

01-01:18:53

Burnett:

So Cornell is Upstate New York. It's pretty. It's—

01-01:18:57

Ames:

Isolated.

01-01:18:58

Burnett:

It's isolated, and so, the community is very tight?

01-01:19:04

Ames:

Yeah, so you learn a lot from the friends. I had a friend who played classical
music and got me into classical music, and another friend was interested in
this or that, and then, I hung out with the folk dance group.

01-01:19:27

Burnett:

Well it sounds like that was a really formative period for you. You're living on
your own, living without the kind of supervision or influence of your parents,
and you would go home to New York regularly?

01-01:19:43

Ames:

Yeah, on the holidays.

01-01:19:44

Burnett:

On the holidays.

01-01:19:47

Ames:

But some of them I stayed up there.
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Interview 2: September 25, 2019
02-00:00:12

Burnett:

This is Paul Burnett interviewing Dr. Bruce Ames for the University History
Series, and this is our second session, and it is September 25, 2019, and we're
here in Berkeley, California. Welcome back, Dr. Ames.

02-00:00:30

Ames:

I think you said February.

02-00:00:32

Burnett:

Did I say February?

02-00:00:34

Ames:

Did you say February? Or I'm—

02-00:00:36

Burnett:

You know, it's possible.

02-00:00:37

Ames:

Any way—

02-00:00:38

Burnett:

It's September, [laughs] twenty-fifth in 2019.

02-00:00:42

Ames:

I may have misheard it.

02-00:00:44

Burnett:

No, it's entirely possible I said February. So, it's definitely not February
because it's very warm outside, and we were last talking about your time at
Caltech and you described some of the people you were hanging out with,
Delbrück and his wife.

02-00:01:06

Ames:

After I got my bachelor's at Cornell, I applied to a number of places, and was
turned down by Wisconsin, which I think was my first, but, I also applied to
Caltech because they were sort of a central biochemical—genetics,
biochemistry and genetics, which turned into molecular biology, and, I got
accepted there, and that was really an exciting place. It's a relatively small
school, and the first chairman of biology was Thomas Hunt Morgan, who was,
I think, a cousin of J. P. Morgan, the big financier, and, he was an equally
distinguished man. [Ed. note: Morgan was great-grandson of millionaire John
Wesley Hunt, and his uncle was confederate general John Hunt Morgan.] He
was a pioneer in biology and Drosophila as a model organism, and did a lot of
some of the really good early work. Anyway, and then after he retired, they
hired George Beadle, who was a farm boy from Wahoo, Nebraska, and he
always played the hick, so there'd be a meeting of people, and "oh, he's just a
farm boy from Nebraska," but he was always the smartest guy in every room,
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and he won a Nobel Prize for his work on isolating mutants, and showing the
connection between genes and enzymes.
02-00:02:51

Burnett:

So, it was quite a unique place, not entirely unique—there were emerging
centers that would later become these nodes in the emerging molecularbiological paradigm.

02-00:03:05

Ames:

Right.

02-00:03:08

Burnett:

So, if you were starting out in a regular biochemistry program, what was
missing at say, Berkeley, for example? Wendell Stanley is there. He's doing
very advanced work in biochemistry, the tobacco mosaic virus is what he's
famous for.

02-00:03:29

Ames:

Yes, he was interested in viruses.

02-00:03:32

Burnett:

Right, and so, what was being done at Caltech that set it apart from other
institutions, in hindsight? You didn't know at the time. You had nothing to
compare it to really.

02-00:03:46

Ames:

Well, Morgan had hired lots of really good people, and there were people
working on bacterial viruses, which are easy to handle, and animal viruses.
Mitchell was looking at Neurospora. Several people had worked on
Neurospora including Beadle, the chairman, and it was just a humming place,
everything: lots of good people, lots of conversation; a small school, see, so
you got to know everybody.

02-00:04:23

Burnett:

Working on simpler organisms was better why?

02-00:04:29

Ames:

Well for some problems, if you're trying to understand how genes make
enzymes, you don't want to work in humans, you want to work in something
you can dissect, biochemically, and you can mutate an organism, like a mold,
Neurospora, and isolate mutants that won't grow on the simple medium
anymore. You have to add something, and so he isolated mutants that some
required vitamins and some required amino acids, and so Beadle and Tatum
got a Nobel Prize for all that work.

02-00:05:15

Burnett:

Oh, I was going to ask, is there something about the rate of generation that
makes it faster to get a mutant?
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02-00:05:24

Ames:

Oh Yes, it's much faster. You can get a cross to Drosophila and you get a new
generation in weeks, not years, so, and it's just, you can raise thousands of
Drosophila fairly cheaply and then the mold was even simpler.

02-00:05:51

Burnett:

Right, and faster, in its reproduction rate.

02-00:05:53

Ames:

I did my PhD with H.K. Mitchell with Neurospora. So that gave me a good
start because he had all these mutants that required the amino acid histidine,
which normally the mold could make, but now couldn't, and so that was a
wonderful problem, and in my first year at Caltech, I sort of cracked it. I
worked out the pathway, and using these mutants.

02-00:06:23

Burnett:

Right. So if they're unable to produce histidine, the experiment where you
cracked it, how did you show the pathway?

02-00:06:38

Ames:

So, in those days, to separate molecules, we used something called paper
chromatography. You had a sheet of Whatman filter paper, and you cut out a
square of it, and then staple where the two ends came together, so there's a
little space, and you put it in a big jar with some solvent on the bottom, and
the solvent slowly moves up the paper, and then when it's to the top, you pull
it out and hang it up to dry, and what I did is—the histidine is an amino acid
that has an imidazole ring. It's a five-membered ring with two nitrogens, and
it's not in very many things, so I thought, ah, that's the trick to go after it. I
found an old German paper that made a reagent that gave a red color when it
reacted with imidazole, of any kind. So I converted that to a spray, to use on
these paper chromatograms, and I ran all my mutants, and some of them didn't
have any red spots and some had one red spot or another red spot, so I had
four or five different spots that came up from the different mutants, and then I
could make double mutants, and work out which came first in the pathway.
And, so, if you take the mutant that doesn't produce any, and make a double
mutant with all these other ones that have different spots, they don't produce
any spots.
So it's when you have a pathway, that's the way, and also biochemically, the
first compound I identified was imidazole glycerol. It basically has a fivecarbon chain, and there's an imidazole ring on the top, and hydroxyl groups on
the three carbons sticking out, so that right away suggested a five-carbon
sugar, and I showed that it was ribose; these, the different sugars have diff—
and that there were spots that didn't move very much that were the actual
phosphate esters, so it turned out ribose phosphate was a precursor of the
whole pathway. Anyway, partly it was good intuition and partly it just all fell
right out in my first year at Caltech. So, basically, I did my thesis in the first
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year. There were courses I had to take. So I was twenty-one years old when I
got there and I left at age twenty-four with my PhD.
02-00:09:57

Burnett:

So, in layman's terms, the pathway, biochemically, is what? It is that the
sequence?

02-00:10:08

Ames:

Yes, ribose phosphate gets converted to imidazole glycerol phosphate, and
then the other compounds were the intermediates, and finally you get to
histidinol, and then you oxidized it to histidine. So there are ten steps in this
pathway, and the genes were different genes that were involved with the
different enzymes, that [H.K.] Mitchell and I said, lots of mutants, so I could
put them into categories, and depending on which step they were blocked in,
which gene was mutated.

02-00:10:58

Burnett:

This is very early and I want to come back to this later because I do want to
follow the chronology of your career, but I'll ask you this question and ask
you to store it for later: how this research in biochemistry does or does not fit
with what becomes the central dogma—

02-00:11:28

Ames:

So [Norman] Horowitz was one of the professors that was always saying, "A
gene is something that codes for an enzyme," and so people were thinking
along that line, and this fit perfectly with that, and—

02-00:11:50

Burnett:

Even though it was multiple genes participating.

02-00:11:53

Ames:

Yes, but they were all in the same pathway.

02-00:11:55

Burnett:

Ah. Okay. All right.

02-00:11:59

Ames:

And then I got into the regulation of histidine and all that later, when I was at
NIH (National Institutes of Health).

02-00:12:08

Burnett:

Right. So this forms the basis of your dissertation work, and some of the early
papers that you were doing in '51. This is really quite early, and paper
chromatography, is that supplanted by more advanced techniques much later.

02-00:12:31

Ames:

Yes, now they have HPLC, high-pressure liquid chromatography, and gas
chromatography, ways of getting much more resolution, helping to identify
the substances, but for the substance I was looking at, they were all phosphate
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esters or products of phosphate esters and they were easy to figure out what
they were, and—
02-00:13:00

Burnett:

And to make them kind of, not luminesce, but you'd be able to tag them with
chemicals—

02-00:13:05

Ames:

Yes with this red color, Yes.

02-00:13:08

Burnett:

Right. It's so physical [meaning tangible]. It's such physical research. You're
using, working with this paper, you're adding; you identify a chemical that
will allow this to emerge.

02-00:13:20

Ames:

Yes, and then the genetics fit with the biochemistry because you can make the
double mutants easily in Neurospora. So, anyway, I took both summers off
when I was at Caltech. I took [Cornelis B.] van Niel's course. He was a Dutch
bacteriologist who'd done very interesting things and he gave a course at
Woods Hole. Let's see, it was kind of little—

02-00:13:57

Burnett:

Oh, did you talk about this in the first session where you would take the
summers off and you would take these summer courses out East?

02-00:14:04

Ames:

Yes. One course was the physiology course. Maybe that was at Woods Hole,
and the other one was in California. I'm a little fuzzy on it right now, but I'll
look it up. And they're both terrific courses that broadened my knowledge
and—

02-00:14:33

Burnett:

Did you make connections with new, other professors and other scholars?

02-00:14:37

Ames:

I was just a graduate student at the time, but the people taking the courses
were all very bright, and yes, I always learned things and made friends.

02-00:14:50

Burnett:

So you've finished your PhD, and then you take a postdoc. Can you talk about
that?

02-00:14:59

Ames:

The convention in science is, after you get your PhD—and most people take
five years to finish a PhD, and I was very lucky, mine sort of broke right
away, and there were a certain number of courses you had to take. So,
anyway, they'd let me go when I was twenty-four, and I went to the National
Institutes of Health.
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02-00:15:31

Burnett:

Well, I've several questions. One is, it's a US Public Health Service postdoc,
and so, at this time, the NIH, I think, is being funded largely by the
Department of Defense and the Atomic Energy Commission. Is that right?

02-00:15:48

Ames:

I don't know all the sources, but that sounds about right, and, you could be a
commissioned officer, if you had a PhD there, and I think I was a lieutenant.
As to keep out of the draft, I became a commissioned officer in the Public
Health Service, which is the medical arm of the Coast Guard in time of war,
something weird, and I got a secondhand Navy uniform and the appropriate—

02-00:16:39

Burnett:

Insignia.

02-00:16:39

Ames:

—insignia and all of that and even hitchhiked from Norfolk, Virginia, which
was a big base, to Europe, when I was at NIH.

02-00:16:56

Burnett:

And the Public Health Service is this kind of military organization, right, but
it's also—

02-00:17:03

Ames:

Well, it really isn't military but they had military grades. You could go into a
civil service grade. You had a choice, but I figured it'd keep me out of any
war. The Second World War was just over, and—

02-00:17:22

Burnett:

And the Korean War was on.

02-00:17:24

Ames:

—Korean War was starting, and so I didn't want to get drafted. I wanted to
start my career, and, so it did keep me out of—

02-00:17:38

Burnett:

Out of trouble.

02-00:17:38

Ames:

It was a Navy rank, I think. Anyway—

02-00:17:44

Burnett:

So, to be precise, it wasn't that you got this fellowship to go to the NIH. You
were already in the US Public Health Service, before?

02-00:17:58

Ames:

Let's see. I had some fellowship when I was a graduate student, and—

02-00:18:14

Burnett:

So it may have been that, and that just continued? So it's not entirely, it's not
necessarily an important detail—
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02-00:18:21

Ames:

I can look all these up, but I don't remember all that very well.

02-00:18:26

Burnett:

So you went to NIH, and you worked with B. L. Horecker. It was like '53 to
'54.

Ames:

Yes, he was a well-known biochemist, and I had all these intermediates in the
pathway. I want to isolate the enzymes, and show that it really did all these
things, and so that was a good place to go, and there were lots of good people
around, so I'd learned a lot of enzymology there.

02-00:18:58

Burnett:

And I think we briefly talked last time about the [James] Watson and [Francis]
Crick and [Rosalind] Franklin discoveries in 1953. You were at the NIH at
that time.

02-00:19:10

Ames:

Yes, I had just come to the NIH, and we had a journal club where people
talked about interesting papers. Kornberg had started that particular
department. He later moved to Stanford and got a Nobel Prize.

02-00:19:28

Burnett:

Arthur Kornberg.

02-00:19:29

Ames:

Yes, and so I didn't meet, or I didn't know Kornberg well at that time. I think I
might have met him once. He had just left when I came, but the group I was
part of, Horecker and all of that, were all first-rate biochemists, but nobody
knew any genetics, and so when the Watson-Crick paper came out, I
explained all the reasons why this was wonderful.

02-00:20:04

Burnett:

And did it take immediately, or did it take a while?

02-00:20:12

Ames:

Oh, I had to convince them. They thought it was all very speculative, but—

02-00:20:17

Burnett:

So you're a kind of cultural ambassador between biochemistry and the more
theoretical geneticists, I suppose, in the time.

02-00:20:29

Ames:

Yes, when I got to Berkeley, it was in a biochemistry department, but nobody
knew any genetics, so I introduced genetics to the lab, to all sorts of things.

02-00:20:42

Burnett:

Wow. It tells you something about how formative those years were, that
things had not gelled. There weren't complete explanations at the end of that
period anyway, but there was so much that still had to be laid out. Can you
talk a little bit about the NIH? One thing that is striking about that period is
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how much it grows during the time you're there, because you were there for
the postdoc '53-'54, and then you stay there.
02-00:21:15

Ames:

I was there fifteen years.

02-00:21:17

Burnett:

Yes, and so you witnessed a huge transformation. Can you talk a little bit
about what changed at the NIH?

02-00:21:23

Ames:

Well it's a big place, and I made lots of really good friends there, and when
you meet a scientist friend, you learn all about what he's doing, or she, and a
lot of distinguished people were there.

02-00:21:42

Burnett:

When I talk to engineers and physicists, they often talk about Bell Labs as this
place, it's kind of a super- and supra- university where there's no teaching; it's
just research. It's this hundreds and even thousands of scientists working on
different problems, but coordinated in some fashion in small units.

02-00:22:08

Ames:

Yes, no, it had that reputation.

02-00:22:10

Burnett:

It had that reputation. It was a major center for research in the life sciences,
and its budget grows.

02-00:22:18

Ames:

Well, not only life sciences, physics, they were into a lot of things.

02-00:22:24

Burnett:

Well physicists enter into the life-science domain in a big way. In the early
fifties you have the cryptanalysis work, you have people like Leo Szilard and
Edward Teller. Were you aware of that research, or you, meaning, you and
your group of people?

02-00:22:44

Ames:

I knew Szilard fairly well—

02-00:22:46

Burnett:

Oh you knew him!

02-00:22:47

Ames:

Yes, but I didn't know Teller. Seymour Benzer was a physicist, and Max
Delbrück. I was lucky. The Delbrücks were a very interesting couple. She was
an American Southern lady, pretty blonde—

02-00:23:11

Burnett:

Manny Delbrück.
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02-00:23:12

Ames:

—Manny Delbrück, and Delbrück married her when he was at Vanderbilt. He
had come from Germany after he got his PhD. He's from a famous family in
Germany of intellectual people, and he met Manny there and married her, and
then he was offered a professorship at Caltech, and came out. He was a hard
man to get to know, very reserved, Germanic in some way, but really, really
smart, and so he started the bacteriophage school, and got everybody to work
on one bacteria and one virus that attacked them instead of twenty different
ones, and, anyway, somehow he took a shine to me, and he used to have all
these parties at their house, and he took a trip to Mexico with a lot of his
friends and hangers-on, and I was on that.

02-00:24:45

Burnett:

Well, I want to ask you about—we could talk about this the whole session, but
historians of these sciences in this time talk about the metaphors of
information, and coding, and decoding, and this becomes more and more
explicit. Initially, there's an effort—and this is where the physicists come in—
to really [shape the emerging discipline]: this is the source of life and heredity
is a code that can be cracked. Can you talk about your encounters with that
language?

02-00:25:39

Ames:

Well, biology is too complicated. I mean, it's an evolutionary thing. It's been
going on for billions of years, and it's hard to figure it out a priori. So people
were somewhat skeptical of physicists coming in, but Delbrück had such a
good brain, and he was very social in his Germanic way.

02-00:26:10

Burnett:

So he was, well he's really deeply involved. I think there were these separate
groups, in other institutions, that were really trying to use cybernetics to really
get at something.

02-00:26:27

Ames:

Well he was interested in using the simplest possible system to understand
viruses, and E. coli bacteria, and T4 phage. They had isolated a lot of different
phages. People settled on that, and the progress went very quickly.

02-00:26:47

Burnett:

So it's partly to set up—I think we talked about this last session—to set up a
system that was amenable to standardization, and inter-comparability, and you
can communicate with other research programs about it.

02-00:27:01

Ames:

And, people respected him very much because he was so bright.

02-00:27:09

Burnett:

Well, so that was at Caltech, but you've moved now to Bethesda. In, I guess in
1953, '54, you have what's just a one-year postdoc, I suppose, and then it
changes to, you are hired in '54?
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02-00:27:29

Ames:

So, let's see. We've left Caltech?

02-00:27:37

Burnett:

Well we don't have to.

02-00:27:39

Ames:

I can tell you a few anecdotes. So, a number of the graduate students got
together in the evening and had supper together, and the only thing for
cooking was some huge autoclave. The opening was that big. This is steam
under pressure. So you'd put a potato in, and it was raw at ten minutes, and
mush at fifteen or something like that. So anyway, we learned how to use the
autoclave for cooking dinner, and I bought a car from one of the departing
graduate students for a hundred bucks. It was a Ford, with a rumble seat—
have you ever seen a car with a rumble seat—anyway, a little seat in the back
that somebody could sit on. It was a two-seater, '32 Ford with a rumble seat,
and I bought it for a hundred dollars, and when I left Caltech, I think I sold it
for two hundred dollars or something like that. The dollar was worth a lot
more in those days.

02-00:28:51

Burnett:

And it must have been a wonderful time too. Did you travel locally when you
were there, because you were young at this point. You're really young, you
know, so, did you go to the ocean, and those places?

02-00:29:07

Ames:

Oh. Yes, I did some traveling, not a lot. No, it was a wonderful time for me,
and also because I was never a very top student—I was too undisciplined, but
I was very curious, and was always seeing connections that other people
didn't, because I read a lot, and the fact that my thesis went so quickly and so
well gave me the confidence where maybe I might make it in science.

02-00:29:52

Burnett:

So you weren't sure until then?

02-00:29:53

Ames:

Right, Yes.

02-00:29:54

Burnett:

Wow. So, it's good news for many graduate students that someone as
accomplished as yourself had some doubts even as a graduate student.

02-00:30:06

Ames:

Well, Bronx High School of Science had all the brightest kids in New York
City who were interested in science, and somehow all my friends were A or
A-plus students, but I never was focused enough. I get too interested in
something and read up on it.
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02-00:30:30

Burnett:

But that served you well. Well let's talk a little bit about work habits, and how
that maybe changed over time. For someone in biochemistry at that time— I
know in say, computing, in the old days, for example, a lot of people worked
at night, because that's when you could get time on the machine. Were there
similar constraints with the rhythms of the microorganisms that you're
working with? Do you have to work weekends, or do you have to work seven
days in a row because you're growing a culture? How does it work?

02-00:31:04

Ames:

Usually, most graduate students are working all the time, and one was friends
with all the other graduate students.

02-00:31:17

Burnett:

So you'd be there and it would be late at night, and you could finish and go
have a beer or something. [laughs]

02-00:31:26

Ames:

Yes. I remember, a South African guy was accepted to the biology graduate
program, and I was walking with him through Pasadena, and there was a
blinking light down ten blocks or so. He said, "Ah, a bar, let's"—he was a
tough guy. He had been in the British Army and was quite a bit older, and so
we finally got down to this blinking sign that said, "Jesus saves." [laughter]
That was his introduction to Pasadena. [laughter]

02-00:32:12

Burnett:

So, you had to crawl a little bit further to find the bar.

02-00:32:15

Ames:

Yes.

02-00:32:18

Burnett:

But it was formative for you and you felt that you had launched yourself as a
scientist, and you had some papers published.

02-00:32:26

Ames:

Yes, I had published a whole batch of papers out of all of that, and I figured
that, you know, I think that with my creativity and wide interests, that I can
make it in science.

02-00:32:42

Burnett:

Yes. So you arrive for the postdoc at the NIH, and this is Bethesda, Maryland,
so you move there more or less permanently, as far as you know.

02-00:32:55

Ames:

Yes.

02-00:32:56

Burnett:

You get an apartment, and this is now the mid-1950s, and this is a time when
historians are talking about the emergence of a new paradigm around genetics,
and I'm wondering if you could talk a little bit about your interactions with
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that. You were following it, but when was it clear that something was going
on with respect to different laboratories that were communicating with one
another, different groups of people that were working on the same idea?
02-00:33:48

Ames:

I met Watson at some point, and when his paper came out, I was hopping up
and down for weeks, because it was so important. Yes, there weren't too many
people who were interested. It was clear that DNA was making proteins, and
then there was all that biochemistry to sort out, and genes were coding for
enzymes, and I remember Horowitz at Caltech was always harping on that.

02-00:34:38

Burnett:

So towards the late 1950s, there are experiments that are being published,
signature ones, the [Arthur] Pardee, [François] Jacob and [Jacques] Monod
research, the experiments in 1958, and I understand that some of those folks
were coming through the NIH because it was this growing center for life
science research.

02-00:35:09

Ames:

I was a little miffed by Jacob and Monod because Monod came to NIH on a
visit from France, and he was interested in talking to me. I had been
publishing these papers about genes and enzymes, and so I told him
everything I knew, and then when I met Giovanna, my wife, in 1958, she had
just come over from Italy to Johns Hopkins, and there was a Hopkins-NIH
"enzyme club." We'd meet once every few months at some restaurant, either
in Baltimore or in Bethesda, and so I was giving a talk at one of them and she
came, and I got quite interested in her, and we got married in 1960, and then
Gordon Tomkins, did I give you—?

02-00:36:20

Burnett:

You did.

02-00:36:21

Ames:

He was one of the smartest guys I've ever met, and I've met a lot of smart
guys. He died tragically early. We just the other day had dinner with the wife,
Millicent Tomkins, who's still kicking, and, anyway, he could remember the
plot of movies he'd seen when he was thirteen, and he just had this
photographic memory, and he was brilliant. He spoke fluent French and
people didn't know he was an American. They thought he was a Frenchman of
some sort, and he played classical clarinet, and his wife, Millicent, is a painter.
I have some paintings by her around, and singer, and so, anyway, he was at
NIH. He had an MD and a PhD, and all the top guys there realized he was
something special, and so they put him as a laboratory chief, and he could
pick four or five people around at NIH who might want to come and be
section chiefs under him, and I was one of the people he picked. We had met
them early on after we got married and—

02-00:38:20

Burnett:

Oh, but that's in '62, right?
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02-00:38:22

Ames:

That was in, no, let's see. My wife came in '58, so it would have been between
'58 and '60, and then in '60, I was due for a sabbatical so we took off for a year
in Europe, in Crick's lab, for part of it, and in Jacob and Monod's lab in the
other part. So we were doing a lot of things relevant to Jacob and Monod's
ideas. We had a mutant that turned off the whole histidine operon in the
bacteria in Salmonella, which I switched to, because they had worked out a
genetic system in Salmonella, and using a bacteria phage, a virus to move
genes from one organism to another.
So it was a very good system to work on, and I had switched to Salmonella.
The same pathway was involved except all the genes were together, and Phil
Hartman at Johns Hopkins, who I collaborated with, had gotten involved in
Salmonella genetics early. He was more a geneticist, and when he saw that I
had worked out the pathway of histidine, he thought the histidine mutants
might be a good one, good set to look at, and he started working on that and
we started collaborating on those things. And so there was a mutant, a little
deletion of some of the DNA, right at the beginning of the histidine operon,
that turned off all the genes. The genes were there, they could function, but
they didn't work with this deletion, so that was the control region in all of that.

02-00:40:25

Burnett:

Can I interrupt you just for a moment? Am I right in suggesting that the use of
the term "operon" is a bit anachronistic? It was not used at the time. It was
coined to deal with the research that you're talking about. Is that right?

02-00:40:51

Ames:

I think Jacob and Monod—and then since I'd married a European and we
wanted to go to Europe, we spent part of it in France—they were happy to
have me come there, and I told them a lot of my ideas. They didn't even refer
to me when they published their paper. I thought I had contributed as much to
that area as they did, but that's water under the bridge.

02-00:41:23

Burnett:

Well, so this is what a historian of science says about that period, you might
be interested to know. She writes that "the NIH biochemists were mistrustful
of the high priests of molecular biology with their 'fast tricks.' They
remembered Monod's 1958 visit to NIH when Bruce Ames, who had recently
perceived histidine biosynthesis as the activation or de-repression of
coordinated genes, explained his ideas to Monod, thus both preempting and
inspiring the operon theory."

02-00:42:06

Ames:

Yes, well, I would say that, they had just two genes or three genes together,
and Monod named all sorts of things, and he's a very smart man, but he really
should have credited me for some things in that paper.
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02-00:42:33

Burnett:

Well, but the Pasteur Institute that he pulls together, it is so interesting
because it has such an American influence, beyond you. It has institutional
support. There wasn't a lot of enthusiasm for Monod's path in France, in
French science at the time. It was funded by Rockefeller. It was funded by
NIH, and so, a lot of folks, according to this author, a lot of American folks
felt there was an awful lot of American science—

02-00:43:11

Ames:

Yes, a lot of American scientists. Paris is a wonderful place, so a lot of
American scientists went to the Pasteur [Institute], and so I think it was
influenced by American science. Jacob was a hero in the resistance and all of
that. I liked him a little better than Monod.

02-00:43:40

Burnett:

Well you collaborated with Jacob on a paper. You co-wrote a paper together
in '62, I think. So, there is a time when your histidine research, you're
discovering something significant. Now, I'm going to need your help with
this, because this is very big picture. According to the historians of science,
there's a shift in the 1950s away from a notion of enzymatic adaptation, the
adaptation of organisms to an environment, to enzymatic induction; that is the
activation of preexisting information in an organism, and your research was
about how gene expression works through the repression, so something is
manifest because you cease to repress something, because the repression is a
normal part of the biosynthetic processes.

02-00:44:58

Ames:

Yes. We showed that the histidine would inhibit the first enzyme of the
pathway, so when you were making enough histidine, you didn't want to make
any more, and that was, it was feedback inhibition, so you could regulate how
much you made—you didn't want to make too much—and then we isolated all
sorts of mutants that made high levels of the histidine biosynthetic enzyme,
ten times normal, and figured out how to handle them and look at them, and
Bob Martin in my lab showed there was a single messenger RNA from all
these genes in Salmonella that was turned on or turned off by this regulation.
We did a lot of the early work in all of this.

02-00:45:56

Burnett:

And so that emerges and there's several labs. It's not just Monod's lab; it's
others, it's Nirenberg, right?

02-00:46:03

Ames:

Yes, in fact, Gordon Tomkins was a good friend, and he was a lab chief, and I
was a section chief under him, and when I became involved with Giovanna—
she was at Hopkins—I said, "Can she get a job in your group?" and he made a
place for her, and then when we got married and went off to Europe, he had
some space, so he hired Marshall Nirenberg to fill that gap.
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02-00:46:47

Burnett:

Wow.

02-00:46:48

Ames:

So I feel somewhat indirectly, I had something to do with all of that.

02-00:46:56

Burnett:

So, the problem with historians is that you go back, talking about this period
between '58 and '62, when so much comes together that is so consequential for
the history of biology, were you aware at the time of the significance of what
you were doing?

02-00:47:20

Ames:

Well I knew it was important, and people were interested in my papers, and so
my papers were very highly cited, and so I guess I knew it was important.

02-00:47:45

Burnett:

No, it's a very interesting period to kind of—

02-00:47:51

Ames:

And I do remember doing the Watson-Crick paper, and all these famous old
biochemists, I had to drag them through genes and enzymes and all. These big
macro molecules weren't something they were excited about.

02-00:48:15

Burnett:

But I mean even Wendell Stanley, by '57, is using the language of information
and coding, so a lot of the old guard really got moved into this, because it
must have spread so quickly among these leading institutions.

02-00:48:37

Ames:

Yes, Crick was wonderful, and he was a very charming fellow, and witty, and
so I really enjoyed working in his lab. When American scientists came there,
they did what they wanted, but it was kind of part of the atmosphere there.

02-00:49:04

Burnett:

So you would jump into what was going on, or you were just left to do
whatever you wanted to do?

02-00:49:11

Ames:

I was left to do whatever I wanted to do.

02-00:49:13

Burnett:

Right. But you could still communicate with them and share ideas and that
kind of thing.

02-00:49:19

Ames:

Oh yes. So Brenner was super smart and Crick was super smart, and they all
ended up with Nobel Prizes, deservedly so.
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02-00:49:28

Burnett:

Did the experience with Monod make you more circumspect, less willing to
talk freely about your ideas?

02-00:49:37

Ames:

Science is about talking about ideas. I've always been a bit of a blabbermouth
when I probably should have kept stuff quiet, but—

02-00:49:47

Burnett:

It's what makes you excited.

02-00:49:48

Ames:

But, one's always a year ahead of the competition, and so I didn't worry too
much.

02-00:50:00

Burnett:

Well, there's a lot going on here. I would like to just ask you about—you
had—correct me if I'm wrong—a scientific honeymoon. Is that right,
basically?

02-00:50:12

Ames:

Well, yes. We got married in 1960, I guess, and we spent a year in Europe,
and it was a year's honeymoon. I was in the Crick-Brenner lab, and was in
Jacob and Monod's lab, and there were lots of really bright scientists coming
through all the time, lots of Americans, and so it was a wonderful time.

02-00:50:49

Burnett:

And, then you also, but you also traveled to destinations.

Ames:

Oh yes, we went to Italy to meet all her family, and part of her family. Her
brother was a well-known physicist, and he was at CERN, the big particle
physics lab in Switzerland, so we'd visit him, and her other brother was one of
the chief engineers there, so, and her parents met in medical school.

02-00:51:17

Burnett:

So there's science in the family.

02-00:51:19

Ames:

Yes.

02-00:51:21

Burnett:

So I'm wondering about—I'm looking at the papers and the paper titles, so, for
1959 with B. Garry—

02-00:51:41

Ames:

Yes, she was a technician in my lab.

02-00:51:42

Burnett:

Oh okay. What's her first name?

02-00:51:44

Ames:

Barbara.
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02-00:51:45

Burnett:

Barbara Garry, "Coordinate Repression of the Synthesis of Four Histidine
Biosynthetic Enzymes by Histidine."

02-00:51:52

Ames:

Yes, so we showed the enzymes went up and down together in response to
signals.

02-00:51:58

Burnett:

Right, but that's also a crucial—there's an element of the Jacob-Monod theory,
but it's also a kind of challenge to it in some ways, is it not?

02-00:52:16

Ames:

No, it's—they're both bright people, and they were good at naming things,
and, so I don't know. I felt I had deserved as much credit as they did for these,
all this early work.

02-00:52:38

Burnett:

Well, one of the things that they name is the operon, and the operon is, well, if
you can describe it—

02-00:52:47

Ames:

But we showed there was a messenger RNA made from the whole cluster of
histidine enzymes, and Yanofsky at Stanford was working on tryptophan
genes and we were sort of friendly rivals. He would find out more about
tryptophan and I would find more about histidine.

02-00:53:08

Burnett:

And, so, the discovery of messenger RNA, this is something that happens at
that time. This is '62, speaking of the things that are named.

02-00:53:20

Ames:

Yes, well, Crick was a fountain of ideas, and Brenner, who just died, was
awfully smart.

02-00:53:33

Burnett:

Well, just to follow up on this question about the historians who were saying
biochemists had this attitude towards the molecular biologists with their "fast
tricks," or the geneticists with their "fast tricks"—

02-00:53:51

Ames:

Yes, well, it depends. I mean, the traditional biochemists, this was all new to
them, but I think people accepted the Watson and Crick, maybe with a little
push from here or there.

02-00:54:15

Burnett:

Yes. Is it fair to say though that the biochemists, it's kind of more obviously
an older, traditional discipline, and empirical, experimental?
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02-00:54:32

Ames:

Very experimental. At first, when you'd give a paper in the journal club,
people didn't want to hear the speculation, they wanted to look at the data
first, and so, it was a very experimentally based field.

02-00:54:47

Burnett:

Right.

02-00:54:48

Ames:

And so theory wasn't a big part of it.

02-00:54:51

Burnett:

Right. You want to really sound out the variations and the complexity of
nature to really understand how complicated it is, and to understand the
richness of it rather than reducing it to something extremely simple. Although
that was happening, I think, that biochemistry was moving in that direction.

02-00:55:22

Ames:

Yes. So—

02-00:55:24

Burnett:

Well perhaps we should take a break, and we'll return after we take a break.

02-00:55:30

Ames:

Okay.

02-00:55:31

Burnett:

Okay.

[break in audio]
02-00:55:36

Burnett:

And we're back, and you are returning from your grand tour, with visiting the
Crick lab, and Monod's lab at the Pasteur Institute, and you return to the NIH,
and it has just finished this incredible growth period. So, the budget at the
NIH quadrupled between the time it was founded in '47, until about 1963, so
that's right around the time you're coming back, and then it stabilizes at a 6
percent per year growth rate.

02-00:56:17

Ames:

Wow.

02-00:56:19

Burnett:

So, that gives you an idea of how—

02-00:56:21

Ames:

Yes, there were an awful lot of good scientists there.

02-00:56:28

Burnett:

And resources.
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02-00:56:30

Ames:

Yes, and it was right outside Washington, D.C., so there was a big city nearby.
We used to go to the opera, and all the usual art museums and things like that.

02-00:56:46

Burnett:

We're used to, in this day and age, thinking about biotechnology, and genetic
engineering, and that kind of thing. Was there ever talk about the implications
of understanding the mechanisms of heredity, and what that might mean for
the future?

02-00:57:13

Ames:

I think, in the beginning, it was very unusual for people to be at an interface
between two different disciplines, but I thought that was wonderful for science
because I had no competition. [laughter]

02-00:57:40

Burnett:

Well, isn't it stimulating, just to have people who are smart but who think
differently with a different tradition? Is that exciting?

02-00:57:52

Ames:

Yes, it is, and, anyway, I really liked it at NIH, and having a new wife, and we
had a couple of kids, it was just wonderful.

02-00:58:09

Burnett:

Wow.

02-00:58:09

Ames:

And Giovanna's a pretty smart cookie too.

02-00:58:13

Burnett:

Right, that's another bonus.

02-00:58:14

Ames:

She used to correct the English on all of the postdocs' papers, because she had
seven years of Latin or eight years of Latin in school, plus she speaks French
and Italian and Spanish and English, so it's—

02-00:58:38

Burnett:

So it's a mutual admiration society, between the two of you?

02-00:58:41

Ames:

Yes, well, we respect each other.

02-00:58:44

Burnett:

So, you wrote an autobiographical piece in 2003—

02-00:58:55

Ames:

Which one was that?

02-00:58:56

Burnett:

I don't have the actual title right with me, but you describe the community at
NIH, and you describe it in terms of people, and you said there's a great
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community there, and you mentioned these names, Gordon Tomkins, of
course, but I'm wondering if you could tell me just briefly about some of these
other people: Maxine Singer.
02-00:59:18

Ames:

Oh yes, she was a good friend of mine. She was from Yale, and a really smart
cookie. So we were quite friendly with them.

02-00:59:28

Burnett:

And, were these people you all worked with closely, or you just knew as part
of your environment.

02-00:59:34

Ames:

No, we were just friends.

02-00:59:35

Burnett:

Okay. Earl and Terry Stadtman.

02-00:59:38

Ames:

Stadtman, Yes, the Stadtmans were both really good scientists. Earl Stadtman
was a wonderful scientist, and he died recently and his wife, Terry Stadtman,
is still at NIH I think.

02-00:59:54

Burnett:

Oh my goodness. Wow, and Ira Pastan?

02-01:00:00

Ames:

Yes, Pastan [corrects pronunciation, stress on first syllable].

02-01:00:01

Burnett:

Pastan.

02-01:00:02

Ames:

Yes. He was a good friend, and the wife is a very good poet.

02-01:00:08

Burnett:

Herb and Celia Tabor.

02-01:00:11

Ames:

Yes, they were head of a group, one of the labs there. They were both good
scientists.

02-01:00:24

Burnett:

And I recognize this name: Leon Heppel.

02-01:00:26

Ames:

He was a very eccentric fellow, but everybody loved him.

02-01:00:33

Burnett:

David Davies?
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02-01:00:37

Ames:

Yes.

02-01:00:38

Burnett:

Another similar—

02-01:00:39

Ames:

Davies was an Englishman, X-ray crystallographer. Yes, I knew all those
people very well.

02-01:00:50

Burnett:

So there are a couple of names that were not mentioned, but they were there at
the time, and they're pretty big figures, so I wanted to ask you about them:
Arthur Kornberg and Marshall Nirenberg.

02-01:01:06

Ames:

Ah. Well Kornberg had just left, and Nirenberg was offered a job when we
left for a year, so, and when we came back, we knew him of course.

02-01:01:21

Burnett:

So he would have come in '61 then, around that time.

02-01:01:26

Ames:

Yes.

02-01:01:26

Burnett:

Okay.

02-01:01:27

Ames:

And Bob Martin, one of my first postdocs who was an independent scientist in
my lab, did a lot of the work to help Marshall do all the things he did. I
remember people around NIH said, "Hey, that's a wonderful discovery, let's
go and help him."

02-01:01:52

Burnett:

You did a paper with Martin. This is Robert G. Martin. You did a paper on
sucrose gradient centrifugation—

02-01:02:00

Ames:

Yes, that's one of the most cited papers in biochemistry.

02-01:02:03

Burnett:

And were you describing that in our first session, when you would get the
molecular weight of enzymes?

02-01:02:10

Ames:

Yes, so, when Bob Martin was a medical student at Harvard, and there was
some program where Harvard medical students could spend a summer at NIH,
and so one day, Tomkins or somebody came in with a stack of dossiers, and
they said, "Do you have room for a Harvard medical student? Pick one of
these." So I ruffled through, and Martin had had As or A-pluses in physics. I
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thought, that's unusual for a medical student, and he seemed very good, so I
took him, and he liked NIH so much and working in my lab, that he then came
and spent a year as a sort of postdoc after he got his MD. His wife was Judith
Martin, who is Miss Manners.
02-01:03:11

Burnett:

Right, okay.

02-01:03:13

Ames:

She got a job at the Washington Post and became Miss Manners.

02-01:03:19

Burnett:

So, as you return from this year, you return to NIH with Giovanna in 1961.
Several things: you've got a new job, right, and—

02-01:03:34

Ames:

I forgot when I became a section chief but—

02-01:03:39

Burnett:

It's then.

02-01:03:40

Ames:

Is it?

02-01:03:41

Burnett:

Yes, you were section chief of the new molecular biology lab under Gordon
Tomkins.

02-01:03:46

Ames:

Oh, okay, maybe—

02-01:03:47

Burnett:

And he was the director, from '61 to '69.

02-01:03:50

Ames:

Maybe it was then. I forget.

02-01:03:52

Burnett:

And so, then the other pieces of it are, as we were describing in the first part
of this session, the discovery and naming of messenger RNA, from multiple
sources. I'm not sure if that's entirely right, but Marshall Nirenberg and
Heinrich Matthaei?

02-01:04:22

Ames:

Heinrich was a student who came from Germany, and Marshall was just
building up his lab so he had a space for this guy, and they did that work on
poly-U, and I think Gordon Tomkins might have actually suggested that
experiment, just to take the poly-U and see what you get, and—
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02-01:04:53

Burnett:

So, a couple of things from this paper. Messenger RNA is required for protein
synthesis, and synthetic RNA preparations can be used to decipher various
aspects of the genetic code.

02-01:05:10

Ames:

Yes.

02-01:05:11

Burnett:

So does that set up a whole research program?

02-01:05:14

Ames:

Well that, Nirenberg first did that poly-U and got phenylalanine, and that was
the thing that started that whole business.

02-01:05:33

Burnett:

So it's a new toolkit. It's a new tool, not toolkit—

02-01:05:37

Ames:

Yes, people had made mixtures that would do protein synthesis, but putting in
a synthetic, known piece of DNA or RNA and see what comes out was the
breakthrough on the code, Yes, and everybody pitched in to help Marshall. He
was a young guy, and I remember Bob Martin did a lot of the key work on
that.

02-01:06:11

Burnett:

So is it analogous to, say, the development of CRISPR Cas9 here at Berkeley?

02-01:06:20

Ames:

Yes, that's a technical thing.

02-01:06:25

Burnett:

Well this is both conceptual and technical, that's what's beautiful about this
work.

02-01:06:31

Ames:

Yes, I know [Jennifer] Doudna. Berkeley was lucky to get her.

02-01:06:36

Burnett:

Yes.

02-01:06:38

Ames:

She'll get the Nobel Prize one of these years.

02-01:06:41

Burnett:

Yes, I'm sure. She's still quite young, isn't she? So there's probably more to
come. So, you're returning at the beginning of a tremendously fertile period,
and some could argue, this is the real dawn of molecular biology.

02-01:07:06

Ames:

Yes, I think that Watson-Crick paper gave a structure of DNA and we knew
that genes were made in DNA, and that opened up the whole area.
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02-01:07:25

Burnett:

Yes, but, understanding more about regulation, that's what was really key, and
transcription and that kind of thing, that's something that really follows. When
people talk about this molecular biology revolution, yes there's the 1953
discovery, but it's kind of capped—

02-01:07:52

Ames:

Yes, how it all worked, it kept on coming in in pieces from various labs.

02-01:07:57

Burnett:

Right, so it's a really exciting time. So you're the section chief at the new
molecular biology lab, and I think calling it the molecular biology lab is also
new, is that right?

02-01:08:13

Ames:

Yes, it was called biochemical genetics when I got into it, that was what
people called it. And then it switched to molecular biology, and that sort of
stuck.

02-01:08:31

Burnett:

Yes, and so in the early sixties, you're finding the institutional names now
bear "molecular biology," and it takes a while. I mean, Berkeley takes a long
time to modernize its nomenclature institutionally, but this is a sign of the
times, that it's maturing into this institutional structure. And, work with the
National Institute of Arthritis and Metabolic Diseases—

02-01:09:00

Ames:

The institutes at NIH had different philosophies. The Cancer Institute was
very set on cancer, and they didn't want people working on other things. I
remember some paper I wrote, or maybe I'd put in a grant for mutagenesis,
and some guy said, "Bacteria have nothing to teach us about cancer," when in
fact, all the theory came out of all this bacterial work.

02-01:09:47

Burnett:

Well, I was going to ask you about that, because there's one of your papers
from this period which has the word "neoplasia" in the title.

02-01:10:01

Ames:

I don't even remember that.

02-01:10:03

Burnett:

Well, let me just see if I can quickly find it. It is really in this period—1962.
It's not in the title of your paper. Your paper is with Phil Hartman, and it's
"Genes, Enzymes, and Control Mechanisms in Histidine Biosynthesis," in a
text called "The Molecular Basis of Neoplasia." And so, what you're saying is,
if cancer is about the runaway production of something—
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02-01:10:38

Ames:

Yes, it's about mutation. A lot of people early on thought mutagens had
something to do with cancer, and I was one of the people who showed that
most carcinogens were mutagens.

02-01:10:52

Burnett:

And there was also a search for viral cancers.

02-01:10:56

Ames:

Yes, and viruses could cause cancer, but viruses can also cause cell division
and cell killing and so that's involved with cancer too. Hormones can cause
cancer.

02-01:11:12

Burnett:

Right, absolutely.

02-01:11:15

Ames:

No, it was exciting living through all those times.

02-01:11:25

Burnett:

So, yes, one thing I had in my notes, and I'm not sure how to exactly describe
this, but there's a 1963 paper again with Phil Hartman, and according to this
Ames-Hartman paper, a kind of negative regulation could be done through
blocking protein synthesis, and it suggested in one of these histories that that
is a kind of challenge to the more simple Jacob-Monod theory.

02-01:12:06

Ames:

No, they were talking about repression of their genes, and induction. I didn't
feel it was a challenge to Monod and Jacob.

02-01:12:19

Burnett:

Okay, Yes, or perhaps it supported it, is the other possibility. But it was a
more sophisticated, empirical, let's say.

02-01:12:33

Ames:

I got interested in mutation, because of my interest in genetics, and mutagens,
and I became convinced that that's how carcinogens were working, and we
showed that you could show a lot of carcinogens, the active form were
mutagens. Other people had also come up with that idea.

02-01:12:58

Burnett:

So even at that time, there wasn't a consensus about the cause of cancer, that it
wasn't—because we know from radiation that radiation causes mutations and
radiation also causes cancer.

02-01:13:13

Ames:

Yes, but then viruses can cause cancer or hormones, so it was complicated,
but I think from the time of the Watson-Crick paper on, all that started
becoming much clearer. When Bob Martin came to my lab, I suggested he see
if he could figure out a way of determining the molecular weight of enzymes,
so he developed sucrose gradient centrifugation, and that technique was very
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widely used, but he also showed that there was a big messenger RNA from the
histidine operon, for all these genes, and we had previous shown the genes go
up and down together.
02-01:14:12

Burnett:

And this, the idea of the operon comes through your research, and sort of
coined by Monod—

02-01:14:20

Ames:

Monod came up with the name.

02-01:14:22

Burnett:

—but then this becomes a crucial element of understanding gene regulation,
the operon.

02-01:14:27

Ames:

Oh yes.

02-01:14:28

Burnett:

And in our conversations, it's something we talk about quite frequently.
There's something else that's happening at this time, although it really is a
story about the 1970s and we can leave it to then, but I was curious to read
something that you describe, a story about reading a list of ingredients on a
box of potato chips in 1964.

02-01:14:58

Ames:

Oh Yes. We had done some work on mutagens, and relation to carcinogens,
and I got interested in developing a test for mutagens. I think it was a list of all
the ingredients in potato chips. I think that's what got me—

02-01:15:19

Burnett:

Preservatives, and things like that.

02-01:15:21

Ames:

And so, I started working on that.

02-01:15:25

Burnett:

So that's 1964? That's early, I think, because you do publish a definitive test.
It's not really in the literature until the seventies, early seventies.

02-01:15:39

Ames:

Yes, so I kept on improving it, and then, human liver can convert chemicals to
all sorts of other things, and so, we used ground-up mouse liver or rat liver in
the tests, and that, some compounds that were known carcinogens turned out
to have an active form that's a mutagen, that you pick up by adding this liver.
Anyway, a lot of students worked on this over the years.

02-01:16:16

Burnett:

Well we're going to come back to that when we get to talking about the 1970s.
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02-01:16:19

Ames:

Yes, I started [this] when I was in NIH.

02-01:16:20

Burnett:

You started it in the early sixties, Yes. And, you have a number of postdocs
during this period.

02-01:16:32

Ames:

I've always had—

02-01:16:34

Burnett:

You always did, so even in the fifties.

02-01:16:36

Ames:

Yes, always. Once I had my own lab, I could hire postdocs. Graduate students
not so much, but postdocs, and people were eager to come to an American lab
from Europe, and so I had very good people.

02-01:16:58

Burnett:

And so, we've talked about Robert G. Martin. John Roth?

02-01:17:03

Ames:

Yes, he's a professor at Davis.

02-01:17:07

Burnett:

Yes.

02-01:17:08

Ames:

And Jerry Fink. My first three postdocs were all sensational: John Roth, Jerry
Fink, and Bob Martin, and they were all really bright and enthusiastic and—

02-01:17:22

Burnett:

But that is in the early sixties period, not the fifties.

02-01:17:26

Ames:

Yes, that's, I guess, when I was a section chief, so it must have been the early
six—no, in the—

02-01:17:35

Burnett:

Yes, that seems to be right.

02-01:17:37

Ames:

Yes, before I came to NIH.

02-01:17:40

Burnett:

Or Berkeley.

02-01:17:40

Ames:

Before I came to Berkeley.

02-01:17:42

Burnett:

Right. And you were working on transfer RNA?
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02-01:17:47

Ames:

On what?

02-01:17:48

Burnett:

On transfer RNA?

02-01:17:49

Ames:

Yes. So I picked up all sorts of mutants that had high levels of histidine
biosynthetic enzyme. The colony, when I got single colonies on a Petri plate,
if it was turned on for the histidine operon, and it was making a few percent of
the cells proteins as histidine biosynthetic enzymes, the colonies looked a little
different. They were sort of wrinkly, and I could see ones that were, and so if I
mutated bacteria and plated them and picked those kinds of colonies, a lot of
them turned out to have very high levels of histidine biosynthetic enzyme. So
it was a trick I used for working out a lot of this stuff, but transfer RNA
seemed to be important. We got one class of mutants that lacked a
pseudouridine, which is a uracil turned into this pseudouridine, and in transfer
RNA, and so I got very interested in the role of that in regulation, and in fact,
transfer RNA has a hundred different modified bases, and I think it all comes
from the RNA world before the DNA world, and that was their function.
Anyway, I've still been interested in that.

02-01:19:29

Burnett:

Do you ever get frustrated with the complexity? Did you hope, when you'd do
an experiment, that it would be something elegant and simple in nature that
would be, "ah, it's just a switch; it's on or off?"

02-01:19:44

Ames:

Nature is a product of millions of years of evolution. It's not simple.

02-01:19:55

Burnett:

And the environment is a factor too, that there's something epigenetic going
on as well, the temperature of the—

02-01:20:04

Ames:

Yes, and before DNA came along, there was an RNA world, and RNA was
doing everything, and DNA is much more stable, so, nature switched to DNA,
but the base pairing is the same—

02-01:20:20

Burnett:

Right. So, in the 1960s you're in Bethesda, Maryland. You've got young
children, at this point. When are your children born?

02-01:20:31

Ames:

Sixty-three and '64.

02-01:20:33

Burnett:

Sixty-three and '64, and so, that—

02-01:20:38

Ames:

The girl was '63 and the boy was '64.
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02-01:20:42

Burnett:

Great.

02-01:20:43

Ames:

I think they're about year and a half, or almost two years apart.

02-01:20:47

Burnett:

And so, you're raising a young family while you're section chief at NIH.

02-01:20:57

Ames:

Yes, and my wife got a job at NIH, so we were both working there, and we
hired a Spanish-speaking woman. We figured she'd teach the kids Spanish, but
in fact, they came out, they spoke broken English to her, and so my wife
speaks all these Romance languages, but our daughter, I think, can speak
Italian and some Spanish.

02-01:21:29

Burnett:

Did they get the science bug?

02-01:21:33

Ames:

No, neither one's in science.

02-01:21:35

Burnett:

No. Raising a young family, and leading the section in laboratory, can you
talk a little bit about what happens in say, 1967? There's a lot going on in the
world, and there's a lot going on in terms of your career. Can you talk about
'66, '67, were you looking for a new challenge, or—

02-01:22:14

Ames:

No, well, Gordon Tomkins was the chief of our lab, and he was a very
charismatic fellow, and he was starting to get job offers, and a very good
scientist, so he was getting job offers from medical schools, and biochemistry
departments, and genetic departments all over the country, and I figured, he's
going to leave at some point, and I had a very good friend in biochemistry at
Berkeley, and I figured our group was going to break up, because he was sort
of the glue of all that, and so I started looking around and I thought Berkeley
would be a nice place, and I let this friend at Berkeley know I might be in the
job market, and soon afterwards, I got a letter offering to come out and give a
talk at Berkeley, and when they offered me a professorship. So I actually left
before Tomkins, but he ended up at UCSF.

02-01:23:29

Burnett:

Wow! Okay, so you both relocated to the area.

02-01:23:32

Ames:

Yes, so we stayed friends all these years.

02-01:23:35

Burnett:

Wow. He's lab chief until '69, so he comes out just after you. Can you talk a
little bit, just an introduction to that about coming out to Berkeley? What kind
of transition was that?
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02-01:23:56

Ames:

Well, it went very smoothly. It's a nice place, and we had two salaries coming
in so we had saved up enough money to buy a house, and this was the second
house we looked at.

02-01:24:15

Burnett:

Really?

02-01:24:15

Ames:

It has a nice view of Golden Gate Bridge in San Francisco, and so we said
we'd take it, and we figured, well, if it in a couple of years we found
something better, we'd change, but I'm happy here. I think I'm going to die
here.

02-01:24:32

Burnett:

That's fantastic. One thing that I imagine was different was that there's a
teaching element too?

02-01:24:41

Ames:

Yes, both Giovanna when she became a professor and myself, we always
taught the lab course, and we enjoyed doing that, and so, I found it's not so
much work, so I did my teaching and I thought I was pretty good at it.

02-01:25:06

Burnett:

So, the lab course—it's obviously not a lecture course; it's more hands-on with
the students?

02-01:25:13

Ames:

Yes.

02-01:25:14

Burnett:

So that's perfect for you, in that you've worked in a lab your whole career, and
so that's just, you're in your element.

02-01:25:21

Ames:

Yes, so, in fact, we had the students isolate mutants of E. coli, or
Salmonella—I forget which we used—that didn't grow on the minimal
medium but did grow on the complex medium, and they had to figure out
what pathway was damaged, and so, they could spot various vitamins or other
things. Anyway, we had some experiments where they had to do some
thinking.

02-01:25:54

Burnett:

Oh wow. So you set it up as—

02-01:25:58

Ames:

As a teaching—

02-01:25:59

Burnett:

—as a teaching tool, these standard experimental lessons, effectively.
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02-01:26:08

Ames:

Can't say I was wild about teaching. I preferred research, but I always did it
and I thought I did it well.

02-01:26:15

Burnett:

And so you had your own lab there?

02-01:26:20

Ames:

Yes.

02-01:26:20

Burnett:

Yes, so there's an Ames lab there. Now is Giovanna also hired at the same
time, or is it later?

02-01:26:27

Ames:

No, so she was raising the kids, and didn't feel she could work full time—but
she always had money for science, and was running her own science program
out of the corner of my lab. She was an expert on how substances are
transported into cells, and she did very well, and she became a pretty wellknown scientist, and eventually the department said, "Hey, we ought to hire
her as a professor," and they did.

02-01:27:08

Burnett:

Which wasn't all that common.

02-01:27:11

Ames:

There were very few women in science.

02-01:27:13

Burnett:

And often, you had couples where the male scientist had the job, and the
woman in the relationship was also a scientist, may have been at the same
caliber, but because of gender dynamics of the time—

02-01:27:31

Ames:

Yes, there was a lot of that, but Berkeley didn't care.

02-01:27:37

Burnett:

Yes, so she was able to afford her own career.

02-01:27:40

Ames:

Yes.

02-01:27:41

Burnett:

That's wonderful. Well, perhaps we should pause. We can continue talking if
you like for a few more minutes, or how are you feeling?

02-01:27:59

Ames:

No, I'm ready to stop.

02-01:28:01

Burnett:

Okay, great.
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Interview 3: November 14, 2019
03-00:00:12

Burnett:

This is Paul Burnett interviewing Dr. Bruce Ames for the University History
Series and we're here in Berkeley, California, and it's November 14, 2019.
Welcome Dr. Ames. Last time, we left off, you had just arrived in Berkeley
and had set up your lab and relocated. So, 1967, did you arrive in the Summer
of Love?

03-00:00:52

Ames:

There were all sorts of things going on. [laughter] But I was all taken up by
my science, so I tried to ignore all that.

03-00:01:01

Burnett:

[laughs] And the protests, there are protests against the Vietnam War and
protests that become violent.

03-00:01:12

Ames:

Yes.

03-00:01:14

Burnett:

And there's a lot of that. So, were there times when you could not come to
campus?

03-00:01:22

Ames:

Let's see, I think the students had taken over something or other but our
building was right on the edge of campus, so I could always get in and do my
thing.

03-00:01:33

Burnett:

Right, so you're on the periphery in this.

03-00:01:34

Ames:

Yes.

03-00:01:35

Burnett:

You were relatively unaffected by that. When you arrived, did you bring with
you talent or researchers that you had ongoing projects with or did you kind of
close off the NIH [National Institutes of Health] years and start anew at
[University of California] Berkeley?

03-00:02:01

Ames:

No, I don't remember whether anyone else came with me. I don't think so.

03-00:02:12

Burnett:

So, you start afresh.

03-00:02:14

Ames:

Yes.
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03-00:02:16

Burnett:

And you continue some of the research that you were doing, histidine is still
important to some degree.

03-00:02:24

Ames:

Yes, they put me in charge of undergraduate advising and I get to know all
these bright undergraduates. So, I convince a number of them to work in my
lab. I've always had undergraduates working in a lab and I had them
interview—I get a lot of requests from people around the world to be a
postdoc in my lab and so I always had quite a few postdocs and some graduate
students. I let the undergraduate students talk to everybody about what they
were doing and pick who they want to work with. And, of course, the graduate
student or the postdoc had to agree to that. But that worked out very well.

03-00:03:13

Burnett:

Wonderful.

03-00:03:13

Ames:

Not too many of the other professors bothered with the undergraduates. But I
thought it was partly my responsibility, and I loved having all these
enthusiastic young kids around.

03-00:03:26

Burnett:

Well, there is something that you wrote once about the fact that graduate
students were not as interested— I think this is right—are not as interested in
the work you were beginning to do in the early seventies because it was
considered too applied—

03-00:03:50

Ames:

Yeah, there was some—

03-00:03:50

Burnett:

—and that undergraduates were more enthusiastic.

03-00:03:53

Ames:

I could make the project sound exciting to them because it was exciting to me
and they were willing to try anything, [laughter] where graduate students—
"Well, can I get a PhD [Doctor of Philosophy] in four years" or whatever it
was and they were very much more interested in the project's practicability,
yeah.

03-00:04:23

Burnett:

Well, and they were interested—it needed to be basic biochemistry or basic
genetics.

03-00:04:30

Ames:

Yes

03-00:04:31

Burnett:

Were they biochemistry students, mostly?
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03-00:04:34

Ames:

Yes, well, I was in the biochemistry department, so most of them were
biochemistry students. But lots of them had broad views and interests in other
subjects, too, and so I had no complaint about the quality. And Berkeley got
very good graduate students.

03-00:04:56

Burnett:

Certainly, certainly. But I think that could be really crucial because you start
going down a path, as usual, that is not well trodden. [laughs]

03-00:05:16

Ames:

Yes, I hated competing with a thousand bright young people out there. So, I
always started new fields, which I was good at and enjoyed.

03-00:05:30

Burnett:

Right, right.

03-00:05:31

Ames:

If it got too crowded, [laughter] I didn't want the competition, so I went
someplace else.

03-00:05:37

Burnett:

Well, it seems that in the first couple of years, looking at your publication
record, I think there's one paper in 1969, right? And then, it ramps up. So, '71,
'72, '73, it's ten papers a year.

03-00:05:57

Ames:

Well, I got good postdocs from all over the world and I got all these terrific
undergraduates, really bright kids, and they were excited by doing research
rather than just sitting in the classroom. So, they'd really throw themselves
into the project and I don't think any of the other labs had as many. I always
had a half a dozen undergraduates in my lab.

03-00:06:25

Burnett:

Well, you mentioned you would get them excited about a project that you
were excited by.

03-00:06:33

Ames:

Yes.

03-00:06:34

Burnett:

So, what was exciting to you at that time at Berkeley?

03-00:06:39

Ames:

Well, being half a geneticist, I'd gotten interested in mutation and mutagens,
and later was selling the idea that mutation had something to do with cancer.
And so, those all had practical uses. I was always looking around to see if
there were practical applications for my basic science. I'd dive into that, too.
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03-00:07:14

Burnett:

Yes. This becomes really important and I'd like if you could parse out
mutagen, carcinogen, and teratogen. What is the difference and what were the
problems around defining what is a mutagen, what is a carcinogen, and what
is—a teratogen is fairly simple, I understand.

03-00:07:43

Ames:

I never got too interested in teratogens, if you look around what's causing
birth defects in people—when pregnant women drink, alcohol's quite a good
teratogen. So, people would get very excited about a part per billion in
something and I'd always compare it to something like alcohol or bad diets. It
was a drop in the bucket compared to that.

03-00:08:12

Burnett:

Right, absolutely.

03-00:08:18

Ames:

Anyway, being interested in mutagens, I'd keep my eyes open for things that
might damage DNA [deoxyribonucleic acid]. And so, we turned up lots of
mutagens and devised a test for mutagens. People didn't really focus on that
area very much.

03-00:08:42

Burnett:

Right, so cancer is seen through the biomedical lens when they're talking
about cancer and what is carcinogenic, they're not necessarily looking at
DNA.

03-00:08:58

Ames:

Yes, so I came in with a more mechanistic view of things. I was one of the
main people trying to sell the idea that mutagens are related to carcinogens.

03-00:09:19

Burnett:

And cancer research was in its infancy, I think it's fair to say, and it's about to
ramp up because there's [President Richard] Nixon's War on Cancer, right?

03-00:09:36

Ames:

Yes.

03-00:09:37

Burnett:

And so there's an institutional commitment, there's a National Cancer
Institute, and I think, in '71, it's a commitment, it is a massive investment. I
can't remember the full amount but I think it was $1.7 billion or something.

03-00:09:56

Ames:

That was a lot of money in those days.

03-00:09:58

Burnett:

Absolutely. And so, overnight, it creates this strong attraction for researchers.
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03-00:10:03

Ames:

Yes, but most of the people who were working in cancer were MDs or cancer
experts and I was sort of an odd fish in that pond. I remember somebody, I
forget who it was, said, "Oh, bacteria have nothing to teach us about cancer."
And I thought it was a very short-sighted idea. I was working on bacteria and
mutation in bacteria.

03-00:10:32

Burnett:

And so, their science, their way of looking at cancer, they're looking at
incidence of cancer, who gets cancer, where do people get cancer—

03-00:10:48

Ames:

Epidemiology and things like that, which is fine, but that wasn't my bag.

03-00:10:58

Burnett:

Yeah, yeah.

03-00:10:59

Ames:

Or shtick or whatever.

03-00:11:00

Burnett:

[laughs] I think you cheekily wrote in one paper, "Epidemiology is a powerful
science but you can have a phenomenon where they argue that in Florida—"
[laughs]

03-00:11:25

Ames:

Let's see, everybody's born Hispanic and dies Jewish. [laughs]

03-00:11:29

Burnett:

Right.

03-00:11:30

Ames:

That was my joke.

03-00:11:32

Burnett:

Right, and so it's a powerful tool, but looking at patterns doesn't necessarily
lead you to the mechanism or the mechanisms, and sorting out the causation
from the correlation is the challenge.

03-00:11:54

Ames:

Yes.

03-00:11:55

Burnett:

So, we started to talk about this but you told a story of the box of potato chips
[laughs] in 1964.

03-00:12:08

Ames:

So I got interested in: is there anything out there that's a mutagen? Nobody
had ever thought about testing that kind of thing and I was dealing with it all
the time. That's the genesis of the test for mutagens. I thought it would be
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useful. And also, companies are dealing with chemicals, and needed
something that could weed out the bad ones.
03-00:12:38

Burnett:

Can you walk me through, in the 1960s, how toxicity was measured and
understood?

03-00:12:49

Ames:

Well, there really wasn't a field of genetic toxicology, so I sort of—once I was
offered a toxicology professorship at Harvard or someplace like that and I
thought, ah, I'm a toxicologist now! [laughter]

03-00:13:07

Burnett:

When was that, roughly, do you remember?

03-00:13:09

Ames:

I don't—in the early days.

03-00:13:11

Burnett:

Okay, in the seventies?

03-00:13:13

Ames:

Yeah, it must have been in the seventies, yeah.

03-00:13:15

Burnett:

In the seventies, okay. But you decided to maintain your freedom to roam, I
suppose?

03-00:13:26

Ames:

Yeah, yeah. [laughter] No, I learned some toxicology. In particular, was one
of the founders of genetic toxicology.

03-00:13:35

Burnett:

Right. Well, there were chemicals that were deemed to be too toxic, and DDT
[dichlorodiphenyltrichloroethane] is banned in 1972.

03-00:13:49

Ames:

Yeah.

03-00:13:49

Burnett:

What was the scientific basis for that claim, roughly?

03-00:13:54

Ames:

Well, people were scared stiff of synthetic chemicals. And so, a chemical, to
the average person, is something synthetic and bad.

03-00:14:08

Burnett:

Not in nature.
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03-00:14:10

Ames:

Not in nature, as if aflatoxin and all these nasty natural chemicals didn't exist.
And so, I thought that was sort of simple minded, so I wrote a few papers
trying to point out that nature's filled with toxic chemicals.

03-00:14:27

Burnett:

Right, well, that comes a bit later when you get polemical a bit. [laughs]

03-00:14:33

Ames:

Yes.

03-00:14:33

Burnett:

You've got a bit of a crusade to pursue.

03-00:14:38

Ames:

I didn't mind going against conventional wisdom.

03-00:14:43

Burnett:

So, I'm thinking of Rachel Carson's Silent Spring, which shows a connection
to ecological damage, and reproductive damage in birds and—

03-00:14:56

Ames:

Right, well, DDT, you have to remember, it saved millions and millions of
lives. So, you can't just demonize it. And the fact that it's synthetic doesn't—
the question is its toxicity. And it wasn't very immediately toxic. It was a very
long-range thing because chlorinated and brominated chemicals tend to hang
around forever and go up the food chain. So, it's sort of a special case.

03-00:15:31

Burnett:

It is, it is, and there was a move from persistent organochlorides to ones that
break down into relatively—

03-00:15:43

Ames:

Yes, and the public came to think, ah, these chlorinated chemicals are awful
and they associated that with man-made chemicals. And so, I was trying to put
a little more common sense into the whole thing. When I was at NIH, I was
getting interested in mutagens, and I'm not sure I was so interested in
carcinogens right then, but so when I got to Berkeley, that's one of the areas I
started working on.

03-00:16:29

Burnett:

On carcinogens.

03-00:16:30

Ames:

And also on tests, the test for mutagens.

03-00:16:36

Burnett:

So that early work in 1964, did that, was that what becomes known as the
Ames test?
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03-00:16:44

Ames:

Yes, eventually. That was a little later.

03-00:16:47

Burnett:

I think it's '73, you start announcing a test in papers. I mean, you're
announcing it in Proceedings of the National Academy and in Science and in
even more popular journal, in environmental toxicology. It's everywhere.

03-00:17:07

Ames:

Yeah, yeah, I was good at marketing. [laughter]

03-00:17:12

Burnett:

And this is germane, I think, to the institutional support story—a little bit
about your support? Where did you get funding to do this kind of research?

03-00:17:25

Ames:

When I first started applying for grants in the mutagen area, the Cancer
Institute wasn't interested. Bacteria had nothing to teach us about cancer.
Eventually, they came around but—

03-00:17:40

Burnett:

So, that statement, "bacteria have nothing to teach us about cancer," came
from the reviews on your applications to the National Cancer Institute?

03-00:17:48

Ames:

I don't remember where it came from or whether somebody just said it. But
anyway, that was the general attitude of the Cancer Institute. You had to be—I
wasn't—didn't know anything about cancer, really, except the mechanism. I
was thinking about mechanism. And so, the Cancer Institute was never
interested in this bacterial stuff. And then, I eventually got a grant. I tried
various things—from the Atomic Energy Commission because they were
interested in mutagens, because of radiation and atomic bombs and things like
that. And so, when I was a graduate student, I had a—Atomic Energy
Commission fellowship, I think, for some period of time. I remember some.
When I went to NIH, somehow the [United States] Navy was interested.

03-00:19:07

Burnett:

The Office of Naval Research?

03-00:19:08

Ames:

It was something like that. I don't remember exactly but some admiral wrote a
letter and it looked like if they didn't hire me, the country would fall apart. My
mother couldn't have written a better letter. [laughter]

03-00:19:21

Burnett:

This is a letter for the job at Berkeley?

03-00:19:24

Ames:

Yeah.
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03-00:19:25

Burnett:

Okay, so the ONR gave its stamp of approval.

03-00:19:28

Ames:

Yeah, no, it was a wonderful letter signed by some admiral.

03-00:19:33

Burnett:

Wow, that's interesting. Do you still have that letter? That would be fun to
include.

03-00:19:38

Ames:

Probably not but it [laughter] might be in some old papers.

03-00:19:43

Burnett:

Right. And so, it's interesting that you are doing work in, effectively,
biochemistry. It's part of the emerging field of molecular biology.

03-00:20:02

Ames:

Yes, which was a fusion of genetics and biochemistry.

03-00:20:06

Burnett:

Right, but it was still too outré for the National Cancer Institute.

03-00:20:13

Ames:

Yeah.

03-00:20:14

Burnett:

And that's, I think, striking to note.

03-00:20:15

Ames:

They were very conservative. I was convinced that a cure for cancer or
fundamental information about cancer would come out of some other institute.
The Arthritis Institute [National Institute of Arthritis and Metabolic Diseases]
was always looking for bright people and funding them and didn't care too
much whether they were interested in arthritis or not and the Cancer Institute
wanted you to really be a cancer guy.

03-00:20:43

Burnett:

If I recall, they were looking at or funding research into viruses that caused
cancer? So, they had a kind of germ theory that they were interested in.

03-00:20:58

Ames:

Yes.

03-00:20:58

Burnett:

And so, they were pursuing that avenue.

03-00:21:01

Ames:

Yes.

03-00:21:03

Burnett:

And that leads to all kinds of wonderful research.
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03-00:21:05

Ames:

I was not doing conventional things, so it was a little harder to get funded, but
I did, and was productive.

03-00:21:15

Burnett:

Yeah, and the Atomic Energy Commission could be interested because they
were funding long-range studies of Hiroshima victims, that kind of work. So,
it's applied science to the extent that they were trying to figure out what
radiation does, right?

03-00:21:33

Ames:

Yes.

03-00:21:33

Burnett:

So, if you could look at DNA damage, that fits right into the spot for them.
You can see where that would work. And so, in your local knowledge
ecosystem at Berkeley, you needed people who were enthusiastic about
working on this. And the graduate students had to be concerned, for their
careers, about doing something in straight-up biochem.

03-00:22:02

Ames:

Right, they were more concerned about doing something that was
conventional or they thought to be interesting, where the undergrads, it's—
would do whatever I asked them to do. I could always convince—and I had
some wonderful undergraduates in the lab.

03-00:22:18

Burnett:

Now, did some of them end up as authors on papers?

03-00:22:22

Ames:

Yes, practically every undergraduate in my lab has their name on the paper.

03-00:22:27

Burnett:

[laughs] That's fantastic! They're getting published in Science and in these top
journals.

03-00:22:34

Ames:

Yeah, yeah.

03-00:22:34

Burnett:

They're an author and they're not even in grad school yet.

03-00:22:37

Ames:

Yes, but they were really good people.

03-00:22:40

Burnett:

Can you talk about the development of the mature Ames test because there's
some ingredients that have to come in. It starts with—

03-00:22:56

Ames:

Mutants.
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03-00:22:56

Burnett:

—these salmonella mutants, is that right?

03-00:22:58

Ames:

Yeah, that I had. And Phil [E.] Hartman had made thousands of mutants that
required histidine for growth in salmonella. And we would collaborate. He
was a geneticist and when I had worked out the pathway, he thought that was
a good system to work on. And we became friends and collaborators and I
soon learned the genetics I needed and so we didn't—in later days, we didn't
collaborate so much but he was a very good scientist, yeah.

03-00:23:42

Burnett:

And so, you have thousands of mutants of salmonella that you've developed
with Phil Harman.

03-00:23:52

Ames:

He developed and I used, yeah.

03-00:23:53

Burnett:

He developed and you used.

03-00:23:54

Ames:

In fact, one particular one was important in my theoretical development. He
had isolated a small deletion that was at one end of the histidine operon and it
shut off the whole operon. The genes were there; you could recover them in
crosses, and they were active when you recovered them. But when there was
that mutation at the front end of this operon, nothing worked. And so, that got
me thinking about regulatory sites and all of that.

03-00:24:36

Burnett:

I mean, we talked a little bit about that session, that in the last session, but that
is really the takeoff point for research in gene regulatory networks.

03-00:24:51

Ames:

Yeah, yeah.

03-00:24:51

Burnett:

You were there at the birth of the thing called the operon.

03-00:24:55

Ames:

Yeah, yeah. [laughter]

03-00:24:56

Burnett:

It's—[laughs] that's what's important to know about that research.

03-00:25:01

Ames:

[Francois] Jacob and [Jacques] Monod were good at naming things, but I did a
lot of the work on the operon.
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03-00:25:10

Burnett:

Yeah, and they were not working on histidine. They used—they did
something else.

03-00:25:13

Ames:

No, they had a small cluster of genes, maybe galactosidase and so—

03-00:25:22

Burnett:

But the operon role was crystal clear in your work. It shut off all the genes. It
was on or off—

03-00:25:30

Ames:

Yeah, yeah, and then Bob Martin in my lab showed there was a single
messenger RNA [ribonucleic acid] from all the genes. So, we got into this
regulatory bit and I could—when you made—I made mutants that had all the
histidine genes turned on, so about maximum two percent of the cell protein,
it's histidine biosynthetic enzymes, some huge amount, and one day, I noticed
that the colonies of these bacteria that were turned on were all wrinkled, I
could spot them on a plate, compared to all the others—and then I had a tool
for isolating mutants like this. And so, we isolated a lot of mutants that were
derepressed or—anyway, just making lots of histidine biosynthetic enzymes.

03-00:26:27

Burnett:

And there's a piece of if that becomes useful for the test, there—the
spontaneous mutation rate for each strain is relatively constant and this is what
you write in a retrospective piece called "Reflections" in The Journal of
Biological Chemistry in 2003. "The spontaneous mutation rate for each strain
is relatively constant. However, when a mutagen is added to assay mixture,
there is an increase in the number of histidine independent colonies and a dose
response curve can be obtained." Now, does that—is that the kind of—the
crucial piece of the test that is important, that you got some kind of stability in
the mutation rate and when you introduce a mutation, a mutagen, it disturbs
that rate and you can measure the disturbance in the relatively constant rate, is
that roughly right?

03-00:27:30

Ames:

Yes, some mutagens do that. You get a higher mutation rate when you have a
mutagen in there.

03-00:27:38

Burnett:

And a dose-response curve is—shows you the sensitivity of the—so, if you
add—you can track whether it's a linear—if you increase it one—by one
mutagen—

03-00:27:54

Ames:

Yeah, yeah.

03-00:27:54

Burnett:

—you get that much more?
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03-00:27:55

Ames:

Yeah, yeah, you could get those with some of the—now, eventually, you kill
all the bacteria but in between you can get a nice, linear increase.

03-00:28:07

Burnett:

Yeah. So, someone comes along and before this test is fully mature someone
comes along and says, "Well, that's salmonella, you know, what does that
have to do with—"

03-00:28:19

Ames:

Yeah, well, but I took all the known carcinogens and we showed that they
were mutagens. And so, I went into that whole area of showing mutagens
really are carcinogens and carcinogens are mutagens.

03-00:28:36

Burnett:

Now, there's an addition to the test, an additional piece of it that comes in in
the early seventies, and it has something to do with the fact that enzymes in
mammals, for example, are a factor in the mutation.

03-00:28:57

Ames:

Well, when you get a chemical into you, the body sends it to the liver. and it's
detoxified. Molecules are attached to it, a glycoside or glucuronic acid, that
enable a body to get rid of it. So there's a whole system for detoxifying
foreign molecules. Cytochrome P450s oxidized chemicals to make them more
water soluble so you can get rid of them. And so I thought I ought to have
some mammalian metabolism in there, so I ground up some rat liver and
figured out how to add it to my test. And then I knocked out one of the main
DNA repair enzymes, so the test became more sensitive. Anyway, it was all
little improvements coming along.

03-00:30:05

Burnett:

I feel like we could write a whole book on, "I figured out a way to add it to the
test."

03-00:30:10

Ames:

Yeah. [laughter] Yeah, yeah.

03-00:30:12

Burnett:

—because that seems like an extraordinary innovation, right? Were you
mindful of the fact that to increase its explanatory power to others, you needed
to have the rat ground-up mixture in there to have that enzymatic response?
Or did you just think it was the science?

03-00:30:41

Ames:

I just was thinking of it as science but I wanted to make the test simple and
cheap to do so that everybody would use it. And so, I worked out all the bugs
and—

03-00:30:58

Burnett:

So, let's do a comparison.
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03-00:31:03

Ames:

Yeah.

03-00:31:05

Burnett:

The existing way of measuring carcinogenicity is with—

03-00:31:13

Ames:

Fifty male mice, fifty female mice. You give them the maximum tolerated
dose for some chemical and then you look at the mice: do they get cancer? So,
was a very long-term thing. It would take a year or so and it was very
expensive to do. A different way of looking at it was to see if a chemical is a
mutagen. And if it was a mutagen, it was likely to be a carcinogen, so you
didn't want to use it. And every company in the world wrote me for the tester
strains because people thought, ah, companies are going to kill us with all
these mutagens, but it was in the company's self-interest to weed out bad
chemicals. They didn't want to get sued. In fact, the regulatory agencies are
very conservative monopolies and it took years for them to adopt it.

03-00:32:22

Burnett:

The companies adopted it much faster.

03-00:32:24

Ames:

Oh, much faster because they had a huge self-interest in doing that.

03-00:32:29

Burnett:

Well this is—

03-00:32:20

Ames:

And I didn't charge for it. I'd just send it free to three thousand labs around the
world.

03-00:32:36

Burnett:

Yeah, so—

03-00:32:38

Ames:

So, I'm more of a free market guy. And that convinced me that you can't
always rely on the government.

03-00:32:50

Burnett:

Well, we're going to talk about this.

03-00:32:51

Ames:

Yes.

03-00:32:52

Burnett:

[laughs] We're going to talk about this in some detail.

03-00:32:54

Ames:

Yes.

03-00:32:54

Burnett:

You're a free market guy who does things for free.
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03-00:33:01

Ames:

Yes, I wasn't out to make money out of it, then people thought, oh, I'm just
selling it to further my own interests, so—it was part of my marketing scheme
that I didn't do any consulting for industry or anything like that because all the
lefties thought that if I got money from industry, then I was corrupt. And I
wanted people to believe in all this. I thought it was the reality. So, I've never
done any consulting—.

03-00:33:38

Burnett:

So, ironically, you're operating on other than market incentives. You want to
establish the truth of your science.

03-00:33:45

Ames:

Yeah, exactly.

03-00:33:47

Burnett:

And your credibility was your coin.

03-00:33:51

Ames:

Right, yeah. You can say I was altruistic but it was self-interest.

03-00:34:01

Burnett:

Yeah, I mean, there's scientific credit, right?

03-00:34:05

Ames:

Yeah.

03-00:34:05

Burnett:

There's scientific capital.

03-00:34:06

Ames:

Yeah.

03-00:34:06

Burnett:

Scientists earn a salary with a university, you're at a public university, you
were at the NIH. You have worked, apart from CHORI [Children's Hospital of
Oakland Research Institute] you've worked with the government and then
CHORI receives funding, as well, from the government. You've worked for
the government your whole life.

03-00:34:22

Ames:

Yeah. [laughter] But I'm very suspicious. Government monopolies, I soon
learned, are very inefficient. And so, I didn't want the government to do
everything, I wanted the market to do it, but I wasn't out to make money out
of anything.

03-00:34:44

Burnett:

That's interesting. Well, we're going to talk about that more because I think it
comes in more strongly later, kind of your interest. You know, you said you
have these catholic interests in science, but your interests range widely outside
of science to the social sciences, to—
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03-00:35:07

Ames:

Oh, yeah.

03-00:35:08

Burnett:

—humanities.

03-00:35:09

Ames:

Yeah.

03-00:35:09

Burnett:

The big questions you're interested in.

03-00:35:11

Ames:

Yeah, but at least in my dealings with government, I thought it was a pretty
big, inefficient monopoly and markets, every company in the world wanted to
use my test. I didn't charge for it but I just thought, ah, they're on top of things
and they're working for their own self-interest and there's competition, which
drives knowledge.

03-00:35:38

Burnett:

Right. So—

03-00:35:41

Ames:

In Berkeley, I was a bit of a mutant.

03-00:35:44

Burnett:

You were a bit of a mutant from the Berkeley type.

03-00:35:44

Ames:

I was always skeptical of the left [laughter] and—

03-00:35:49

Burnett:

When did that start for you? Well, first of all, the—

03-00:35:52

Ames:

I'm not sure.

03-00:35:53

Burnett:

Let me ask it this way: at one point did the left earn your skepticism? Did the
left change or did you change? Or was it always a problem for you?

03-00:36:09

Ames:

Well, my family had a couple of uncles who were communists and my parents
were mildly socialist and—but somehow, I never bought into all of that. I
don't know why. Maybe just my experience in dealing with government and
dealing with industry.

03-00:36:38

Burnett:

So, it's your lived experience that leads you to these conclusions.

03-00:36:44

Ames:

Yes.
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03-00:36:46

Burnett:

And so, you were a Berkeley mutant, you were—

03-00:36:49

Ames:

I was very skeptical of all these leftist ideas. They were going to change the
world and I just thought it was all very naïve.

03-00:37:02

Burnett:

Well, it's something that comes to the fore. I think we talked a little bit about
this last session—

03-00:37:07

Ames:

Yes.

03-00:37:08

Burnett:

—but it's the early 1970s when you're developing the mature version of what
comes to be known as the Ames test. And the EPA [Environmental Protection
Agency] is founded in 1970 or thereabouts.

03-00:37:25

Ames:

Right.

03-00:37:25

Burnett:

The Clean Water Act, the Clean Air Act, or—

03-00:37:26

Ames:

Yeah, yeah.

03-00:37:27

Burnett:

—early, earlier antecedents going back to the early sixties—

03-00:37:30

Ames:

Yeah.

03-00:37:30

Burnett:

—but it's 1972 when that stuff acquires real teeth.

03-00:37:34

Ames:

Yeah.

03-00:37:36

Burnett:

And there were complaints about the regulatory regimes to start with and one
of the complaints was that there was a zero tolerance policy: something is
either allowed or disallowed and that's something that plays into your design
of this test and your—and the criticisms that you were getting.

03-00:38:01

Ames:

Yeah.

03-00:38:03

Burnett:

So—
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03-00:38:07

Ames:

Yeah, it's, in my view, that the government was spending way too much
money on minor hypothetical risks and not enough on the big risks out there
which were people eating bad diets and smoking. And those are the big things.
And so, this all seemed like a bit of a distraction. So, it's fine to weed out bad
chemicals before they're put on the market but I didn't think we should put so
much money in what seemed to me to be a distraction, a part per billion of
something, and I wrote papers about the fact that every plant makes fifty or a
hundred chemicals to kill you, that all plant evolution is chemical warfare, so
the plants are filled with these chemicals that are pretty nasty, to kill any
animal that wants to eat it. And I wrote a few papers on that, that nature isn't
benign, there are all these nasty things out there and we're eating 10,000 more
of nature's pesticides that plants are making than we are of manmade
pesticides, which are—parts per billion or something.

03-00:39:29

Burnett:

Well, I guess there were cases—

03-00:39:31

Ames:

So—

03-00:39:31

Burnett:

—sorry, go ahead—

03-00:39:32

Ames:

So you don't want to let every chemical company dump their garbage out the
back door into the local river. You need some rules but you don't want to go
overboard on them.

03-00:39:45

Burnett:

Right, and it was becoming overboard for you.

03-00:39:47

Ames:

Oh, yeah, I thought it went way overboard.

03-00:39:53

Burnett:

Right, so there were cases that captured the public imagination: the
thalidomide babies, for example.

03-00:40:00

Ames:

Oh, yeah, yeah.

03-00:40:01

Burnett:

And that plays into the prospective preventive impetus behind a lot of this
stuff that becomes a problem for you because—I think there's a phrase that
you use, that if we're too focused on what could potentially happen in the
future—

03-00:40:27

Ames:

Yeah.
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03-00:40:28

Burnett:

—it's a kind of civilizational paralysis. I think there was a term you used—
you said if you're waiting for data to definitively come in on this or that
chemical, it's an invitation to paralysis, I think was what you said.

03-00:40:44

Ames:

I don't remember. But anyway—

03-00:40:46

Burnett:

But there was thalidomide and DDT, you know, a lot of these things were
really promising as helpful solutions—

03-00:40:58

Ames:

Yes.

03-00:40:58

Burnett:

—and alternatives to more toxic variants in the past, like arsenic [laughs] in—

03-00:41:03

Ames:

Yeah, yeah.

03-00:41:04

Burnett:

—as a pesticide.

03-00:41:05

Ames:

So, life is complicated, and nobody could think of all these things in advance,
but it was useful to have—see something like—useful in the scientific sense.
It gave people a warning, that people realized that the thalidomide's out there
and other nasty kind of things out there. But it doesn't mean you want to go
overboard.

03-00:41:34

Burnett:

Right, so getting back to the Ames test, you provided it for free to anyone who
wanted to use it.

03-00:41:44

Ames:

Yeah.

03-00:41:45

Burnett:

But it did cost something. Can you talk about how much it cost to do one
Ames test versus one of the old rat tests?

03-00:41:53

Ames:

Oh, if you're testing something in mice and rats, it's millions of dollars and
takes years, whereas I designed the bacterial test so you could do it overnight,
you can get an answer and it was very cheap to do.

03-00:42:11

Burnett:

Right, so a few hundred dollars or something like that.

03-00:42:15

Ames:

Or whatever it is.
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03-00:42:16

Burnett:

Way less than billions.

03-00:42:18

Ames:

Yeah.

03-00:42:19

Burnett:

So it's a cheaper test but there's a scientific argument about why this test, to
you, is better.

03-00:42:32

Ames:

It's not the perfect model of a human—nothing—neither is a mouse or a rat.

03-00:42:39

Burnett:

Right. You wrote at some length about what's wrong with rat models and
there's just a kind of a list of problems with it.

03-00:42:53

Ames:

Well, in terms of carcinogens, they gave the maximum tolerated dose to a rat,
just under the level that would kill them, and they gave it every day of their
lifetime, this huge dose. And what I put out is that half the chemicals they've
ever tested turned out to be carcinogens. Something was fishy and what it is,
when you get a maximum tolerated dose, you get cell killing and cell division,
which in itself can cause cancer. So, I pointed out some of the problems with
animal cancer tests. So, nothing's perfect.

03-00:43:35

Burnett:

So, cell killing kills—if you have an oncogene, which, in these earlier times,
was not known, but later on—

03-00:43:46

Ames:

So, when you get cell killing, you get inflammation and your body puts out a
lot of mutagens as part of that and you get cell division. That all gives you
tumors. So, I was a bit of a skeptic on a lot of these things.

03-00:44:10

Burnett:

And you were skeptical, too, about the maximum tolerated dose standing in
for very small exposure to small—or very short exposure or long exposure to
tiny doses of bad chemicals.

03-00:44:28

Ames:

Yes.

03-00:44:29

Burnett:

And so, with the rat models, the mistake they were potentially making, and I
think you were, you know, fairly generous there, they were potentially making
a mistake in making extrapolations.

03-00:44:44

Ames:

Right.
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03-00:44:45

Burnett:

And your position is you don't know what kind of curve you've got. It might
be zero toxicity below a certain threshold—

03-00:44:55

Ames:

Yes.

03-00:44:55

Burnett:

—but below the noise of all the other carcinogens.

03-00:44:58

Ames:

Your body's making byproducts of just living—you're making oxidants that
are mutagens—and plants have nasty chemicals, so you have to look at a big
picture and not worry about trivia.

03-00:45:16

Burnett:

Right.

03-00:45:18

Ames:

So, that was a little bit against the current thinking.

03-00:45:25

Burnett:

When was the first reaction or response to the publication of this test? I mean,
it comes, like, '73, in '74, you're coming out with papers on this. Do you
remember a particular response from—because what I know in the literature is
that [laughs] you're getting a lot of letters, or the journal Science or the
Proceedings of the National Academy—

03-00:45:53

Ames:

Yes.

03-00:45:53

Burnett:

—they're getting letters.

03-00:45:54

Ames:

—and I'd write a response.

03-00:45:55

Burnett:

And you'd write a response.

03-00:45:57

Ames:

I didn't let all the stuff go unanswered. Well, I think there was a whole group
of people, the Sam Epsteins and company, who were coming from the left and
they thought industry's awful and they're going to poison their grandmother if
they're allowed and so they were extremely—they wanted to blame industry
for all our cancer and they didn't like me because I was more nuanced about
all these things and thought that was a counterproductive argument. Anyway,
so they attacked me.

03-00:46:45

Burnett:

How did you know they were from the left?
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03-00:46:51

Ames:

I just knew that and maybe the left became my demon. I [laughter] just
thought they were exaggerating things and taking one aspect and blowing it up
out of proportion.

03-00:47:06

Burnett:

So, it was kind of an inference. You noted their arguments are—

03-00:47:11

Ames:

Well, and also I knew that they were leftists.

03-00:47:15

Burnett:

Oh, okay, okay, so this is a—

03-00:47:18

Ames:

Yes.

03-00:47:19

Burnett:

—so, this is a bit of a small world. You sort of know—

03-00:47:22

Ames:

Yeah, yeah.

03-00:47:22

Burnett:

—so you'd be at conferences and you'd get to talking?

03-00:47:27

Ames:

So, I don't know, it happened gradually, I think, that I thought these guys were
exaggerating things, that industry wasn't the villain. Of course, there were
some industries that you need regulation so they don't dump out toxic
chemicals out the back door into the local river. But blaming parts of a billion
and things for all the cancer in the country just seemed crazy to me.

03-00:47:58

Burnett:

Yeah, yeah, it was above the background noise of all of the other craziness—

03-00:48:04

Ames:

Yeah, so I—

03-00:48:05

Burnett:

—in your body and outside.

03-00:48:06

Ames:

I didn't think they saw the big picture. They were focused on capitalism as the
villain.

03-00:48:16

Burnett:

Right, okay, so what I saw of Samuel Epstein is—say, to '87, so that's already
almost fifteen years later that I found. Was it earlier? Did you get criticism
from Sam Epstein earlier than that?
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03-00:48:43

Ames:

I don't remember the time period.

03-00:48:46

Burnett:

This is already a long time ago.

03-00:48:47

Ames:

But he was a very verbal guy and he never really accomplished any science as
far as I could understand but he had this kind of one thing explained
everything, it was capitalism that was killing you. And I had visited the Soviet
Union, I thought it was awful, and somehow I wasn't in that mindset.

03-00:49:19

Burnett:

Yeah. When did you visit the Soviet Union? Did you tell me?

03-00:49:22

Ames:

I don't remember. They asked me to give a talk once and I went there.

03-00:49:25

Burnett:

Oh, it, oh, think it was in the sixties?

03-00:49:29

Ames:

I don't remember.

03-00:49:30

Burnett:

But we can find that.

03-00:49:32

Ames:

Yeah.

03-00:49:34

Burnett:

So, there was a letters exchange in 1988 in Science, in the journal Science
with Samuel S. Epstein of the University of Illinois Medical Center.

03-00:49:42

Ames:

Yeah.

03-00:49:44

Burnett:

And also signing on that letter was Joel Swartz at the University of Quebec in
Montreal—

03-00:49:50

Ames:

Yeah.

03-00:49:50

Burnett:

—and then a list of cosigners. So, it was almost a cross between a letter and a
petition. [laughs]

03-00:49:58

Ames:

And none of them had done any real science as far as I was concerned.
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03-00:50:04

Burnett:

Well, there's one person who's representing the National Resources Defense
Council, and so I guess that's the other sort of activist.

03-00:50:11

Ames:

Yeah, that was an activist organization.

03-00:50:19

Burnett:

And then Devra Lee Davis—

03-00:50:22

Ames:

She was an activist, again, concerned that this parts per billion of synthetic
chemicals was what's doing us in, it's all nasty industry. And so, I was always
pro markets, so I sort of liked the idea of industry. I never took any money
from them but—and the guys I dealt with at these companies were all very
smart and reasonable people.

03-00:50:53

Burnett:

Well, these were the people who requested the test?

03-00:50:58

Ames:

Well, yes, or they'd call me up for advice on something. So, one guy once
called me up and said, "You know, this important chemical we have shows up
as a mutagen in your test but it's very slight. We have to use a ton of it to get
it." And I said, "You know, it might be an impurity. Why don't you run
chromatography and look at all the things in that mixture and see if it's an
impurity, which you can easily get rid of. And the guy said, "Oh, that's a good
idea, I'll try it." And, in fact, it was an impurity and he was very happy that I'd
given him good advice.

03-00:51:49

Burnett:

In interviews I've had with folks in the mining industry, that were in the steel
industry, for example—when there's no conversation, that's, I think, what's
most difficult for them. They're willing to talk about regulation, but if
someone has a position of zero tolerance for any amount of something.

03-00:52:15

Ames:

Yes, that's—

03-00:52:17

Burnett:

So there were things about—

03-00:52:20

Ames:

I don't say every industry was like that. But in my experience, most of the
people were. They had to hire smart people and I had my doubts about some
of these critics. And they were trying to do the right thing, and so I was
impressed with that. Maybe I was just more favorably inclined to industry
than all the leftists, but that was my experience.

03-00:52:55

Burnett:

That's your life experience.
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03-00:52:56

Ames:

Yes.

03-00:52:56

Burnett:

That's what you know. You'd seen the Soviet Union, you had worked with
people in industry, and when you work with people, you're less inclined to
demonize, so I suppose that's part of it. Now, in the background is
epidemiology. So, for example, when you're talking about cancer, a huge
figure in this is Richard Doll, I suppose.

03-00:53:24

Ames:

Yes, he was a terrific guy.

03-00:53:27

Burnett:

Oh, so you knew him? You worked with Richard—

03-00:53:30

Ames:

Peto, yeah.

03-00:53:32

Burnett:

And he co-wrote Causes of Cancer with Richard Doll, Richard Peto and—

03-00:53:37

Ames:

Yes, he was a protégé of Sir Richard Doll and he was a really smart fellow.
He was one of the smartest guys I've ever met. And I liked him and valued his
intelligence and we were good friends.

03-00:53:54

Burnett:

So that's the careful research that began all of this in the 1950s that leads to
the first surgeon general's warning, this revelation—I guess it takes a while in
the [United] States for it to take root—but by the early 1960s, there's this
conclusion that smoking's not super-good for you and has this carcinogenic
effect.

03-00:54:20

Ames:

Yes, and diet. I mean, your diet is full of mutagens from plants and other
things. And I became much more interested in what in your diet is causing
things and I came to the conclusion it's what you're leaving out of your diet
that's really important, when you don't get a vitamin, it ages you faster and
you're causing mutations in all sorts of other things.

03-00:54:50

Burnett:

So there's nutrition science, there's—

03-00:54:54

Ames:

Yes, so I've dabbled in that.

03-00:54:56

Burnett:

Yes, and we're going to talk a lot about that later.
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03-00:55:00

Ames:

Okay.

03-00:55:02

Burnett:

But this notion that there are much, much greater problems that humans face
that have to do with a lot of the choices that humans make or the choices that
they're offered—

03-00:55:20

Ames:

Yeah.

03-00:55:22

Burnett:

—that require attention. When did you apply the Ames test to plants? Or did
you just know already that that was the case?

03-00:55:33

Ames:

Well, everybody was using it. I was the person sending out the strain, so
everybody would tell me what they found. And people started finding
mutagens in plants, in edible plants, even.

03-00:55:49

Burnett:

So, you didn't do that research initially? Other people did?

03-00:55:52

Ames:

Yes.

03-00:55:52

Burnett:

—and they would tell you.

03-00:55:54

Ames:

Yes.

03-00:55:54

Burnett:

Did you ask them, as a condition of giving them the test for free, did you say,
"By the way, if you find anything, can you tell me?" Did you ask them?

03-00:56:02

Ames:

No, no.

03-00:56:03

Burnett:

They just did it, spontaneously?

03-00:56:04

Ames:

Yes. Not everybody, they'd publish it and send me their papers. Then I
realized that cabbage has 100 toxic chemicals in it to kill you and the beetles
that are munching on it, and lots of them were mutagens. So the world became
much more complicated.

03-00:56:33

Burnett:

Yes, and maybe we want to save this for another session or at least later in this
session, the antioxidant properties of foods. Was that also known at the time
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to you? In the sequence of things, first you are appreciating the
carcinogenicity of the chemicals in plants—
03-00:57:10

Ames:

Yes.

03-00:57:10

Burnett:

—and then you discover the antioxidant properties after—

03-00:57:14

Ames:

Yeah, that oxidants are mutagens. So, radiation is an oxidant, so you get
superoxide and hydrogen peroxide and all these things, and we're making
them in our own body. And then, we have all sorts of antioxidants to defend
ourselves. So, you don't want to be without your vitamin C and your vitamin
E. I started thinking about vitamins and what they're doing. I got a broader
view of reality.

03-00:57:52

Burnett:

The first paper that I could find on antioxidants—I think it's the uric acid
paper in '81? Does that sound right to you?

03-00:58:08

Ames:

Yes, that was in the early days.

03-00:58:14

Burnett:

So, in the sequence of things, you develop the Ames test, the mature version
with the rat-microsomal material.

03-00:58:24

Ames:

Yes.

03-00:58:24

Burnett:

—and that gets sent out and papers flourish around this, research flourishes,
private industry but also other academics.

03-00:58:33

Ames:

Yes, yeah.

03-00:58:35

Burnett:

And you're learning about the toxicity of plants and then you learn about
antioxidants and antioxidant effects.

03-00:58:47

Ames:

Yeah, all that developed slowly.

03-00:58:51

Burnett:

Can you use the Ames test to show indirectly the effect of antioxidants or is
that a different kind of test?
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03-00:59:02

Ames:

No, in fact, as I was building those tester strains, I picked a strain that
responded to oxidants. That was before I got really interested, I think. I don't
know why I did that, but anyway, [laughs] maybe intuition.

03-00:59:24

Burnett:

Did that then lead to work on antioxidants?

03-00:59:28

Ames:

I don't know whether it led to it but I got interested in the whole oxidation/
antioxidant business and went to the meetings of the Oxygen Society, which
were interested in these kinds of things.

03-00:59:43

Burnett:

So, early on. It's '73, the papers come out—there might be earlier ones but it
picks up in '73, that you're publishing about this test.

03-00:59:52

Ames:

Yeah, I'm very fuzzy on the times on these things.

03-00:59:55

Burnett:

That's okay, that's my obsession. Don't worry about it. [laughs]

03-00:59:58

Ames:

Yeah.

03-00:59:58

Burnett:

But I'm just trying to get the sequence of things and the change over time.
And so, in '73, these papers come out and then in '74, you use the Ames test
on cigarette smoke and that version of it.

03-01:00:15

Ames:

Now smoke, when you burn anything, you get nitrogen oxide, which is an
oxidizing mutagen and you're filling your lungs with this stuff. Just from first
principles, getting a gram of all this dirt from this smoking has to be bad for
you. It's coating your lungs and all that. And everybody knew smoking was a
carcinogen, so I thought I'll just try it and see if it's a mutagen. It was. And
then, I fished out mutagens from the urine of smokers, which I thought was a
neat thing.

03-01:01:02

Burnett:

Absolutely. So, it was known that cigarette smoke, from an epidemiological
perspective, caused cancer.

03-01:01:23

Ames:

Yeah, Doll had done some of the pioneering work on that.

03-01:01:26

Burnett:

Right, in the fifties and then confirmed by the early sixties. It's now about ten,
fifteen years later, and you're providing the first evidence that it does damage
to the DNA—
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03-01:01:40

Ames:

Yes.

03-01:01:40

Burnett:

—and that's a major factor in the cancer-causing agency of cigarette smoke.

03-01:01:45

Ames:

Yes, people had shown that thousands of chemicals, when you burn
something—and I knew the nitrogen oxides were nasty. And it was all just,
well, someone ought to do that, and I just did it.

03-01:02:03

Burnett:

Well, why don't we take a break right now and we'll come back and finish up.

03-01:02:05

Ames:

Good. [break in audio]

03-01:02:08

Burnett:

Okay, so we're talking about the research that you were doing in the 1970s at
Berkeley and a key feature of this research program was the use of
undergraduates, as well as graduate students and postdocs, of course.

03-01:02:28

Ames:

Yes.

03-01:02:30

Burnett:

And there were some people who were really important in this research.

03-01:02:35

Ames:

Bill Durston and Frank Lee were two wonderful undergraduate students who
really did the Ames test. They worked out all the details.

03-01:02:47

Burnett:

Oh, they just had a knack for it and they—

03-01:02:51

Ames:

Well, they were very bright and I managed to get the straight-A students to
work with me. And it was a more applied thing, so graduate students really
weren't that interested. They didn't think it was basic research. It was more an
applied thing. But these were just sensational students and they both went on
to have good careers.

03-01:03:18

Burnett:

So, did you pitch them on the development of this test and get them excited
about it, saying this is something that's going to go out there and is going to
help people?

03-01:03:26

Ames:

Yes.
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03-01:03:27

Burnett:

So there's a service element to this. And you had to write up protocols around
how to do it, and the details, then—

03-01:03:41

Ames:

Yes, but they were smart enough, they could keep on improving things. So, I
was lucky to get two such bright kids.

03-01:03:52

Burnett:

Yeah, because it's not just that you're "selling" the Ames test, in quotation
marks, to all these different journals. The papers identify improvements, these
incremental improvements that you're—

03-01:04:07

Ames:

Yes. I think they were on all the papers.

03-01:04:10

Burnett:

And there are graduate students and postdocs in this early period?

03-01:04:23

Ames:

Yes, later, but they were involved in developing the test.

03-01:04:30

Burnett:

Right, and so that would be David Levin, for example?

03-01:04:36

Ames:

Yes, he was a graduate student later on.

03-01:04:38

Burnett:

Okay, and Joyce McCann?

03-01:04:41

Ames:

Yes, Joyce was great. So, I like to have smart people around the lab. I tend to
fly off up into the stratosphere sometimes, and I like smart people who are
going to dot the Is and cross the Ts. And Joyce McCann was a brilliant gal.
She came as a postdoc and stayed on. And later, Lois Gold did the same kind
of thing with me. So, I like to have really smart people who are—say, "No,
that's wrong," or who keep me on the straight and narrow.

03-01:05:30

Burnett:

[laughs] Well, there's an important—there's a lab technician, I think that's
right to call her that, Edith Yamasaki?

03-01:05:38

Ames:

Yes, she was great and—

03-01:05:40

Burnett:

She's on the papers, in fact, right?

03-01:05:41

Ames:

Yes, oh, yeah. She was a Japanese American. I think her parents had come
over from Japan and they lived up in the foothills of the Sierras [Sierra
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Nevada Mountains]. And her father was a gardener when he came from Japan.
And they did well. And she was smart and she'd stay all night if something
needed to be done. And so, I just thought she was wonderful. She was about
five foot tall and had long black hair. And once I got interested in hair dyes, I
sent her out with a hundred dollar bill or something like that to buy all the
permanent hair dyes because we found they were mutagenic. And so, here's
this little black-haired Japanese woman buying a hundred dollars' worth of
hair dyes and they all thought—"What's this lady doing?" [laughs] Anyway—
03-01:06:46

Burnett:

Well, so, this speaks, I think, to your approach to working with people. There
doesn't seem to be a lot of hierarchy in your work. You're interested in
undergraduates, graduate students, postdocs, lab techs—

03-01:07:05

Ames:

Yes, I just looked for smart people and I didn't care too much about their
background, but everybody brought in their own talents and I had wonderful
technicians over my career. And I gave them a lot of independence.

03-01:07:28

Burnett:

Well, one in particular is interesting, too: Lois Gold, who you mentioned just
now.

03-01:07:33

Ames:

Oh, yeah, now Lois was a bit of a—so, one day, she knocked on my door and
came in. I had appeared in the San Francisco Chronicle about something,
maybe about the Ames test—I forget what. And she wanted to find out more
about it, and so she started asking me questions and she was obviously a very
smart cookie. And she spent an hour quizzing me about all sorts of things and
then I asked her what was her background? She had a PhD in political science
from Stanford [University] and she had a very stellar academic background
and I hired her on the spot. I said, "Do you have any time you want to work?"
And she said, "Sure, I'm raising a young child but I have lots of time." And I
said, "I'll hire you for whatever time you want to work." And she was really
smart, and she would go over all my scientific papers and correct the English
and make things tighter and she wrote wonderfully well. And so, I liked to
have people like that around the lab. And she stayed on and eventually I put
her on full salary when she could.

03-01:09:02

Burnett:

So, when you think about a lab, you're thinking about complementary talent,
is that right?

03-01:09:08

Ames:

Exactly, yes.

03-01:09:09

Burnett:

Because you've got your skills and you mentioned you like to be in the
stratosphere. [laughs]
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03-01:09:13

Ames:

Yeah, well, I sometimes need somebody to say, "Hey, you've gone overboard
here," or dot the Is and cross the Ts. And both Lois did that wonderfully well
and Joyce McCann was a tiger, too, on getting things right and digging out
could it be wrong and all of that.

03-01:09:41

Burnett:

So, really, just not just the presentation and the argument but thinking
critically about the experiments.

03-01:09:50

Ames:

Exactly. They were both very critical thinkers and Joyce actually didn't like
doing experimental work but she was wonderful on theoretical things. She'd
go like a steamroller through a field. She was wonderfully smart and—both of
them were, yeah.

03-01:10:12

Burnett:

So, you've got a great, evolving team in the 1970s.

03-01:10:21

Ames:

Yeah, let's see. Lois was later, I think, I feel—

03-01:10:23

Burnett:

Lois, yes, she is: late 1970s.

03-01:10:29

Ames:

Yeah.

03-01:10:31

Burnett:

And you mentioned the slow adoption of the Ames test by regulatory
agencies.

03-01:10:37

Ames:

Yes.

03-01:10:37

Burnett:

But the corporate world took them up immediately.

03-01:10:38

Ames:

Oh, they lapped it up. See, that strengthened my more libertarian instincts
[laughter] because industry had a big incentive on weeding out toxic
chemicals and regulatory agencies are monopolies and they move very slowly
and so—the monopolies. And so, that was one of the things that hardened all
my views on—

03-01:11:11

Burnett:

Well, I think that's very timely because it's now mid-seventies and there is the
rise of a robust, market-oriented intellectual culture, let's say, spearheaded
largely by Milton Friedman.
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03-01:11:31

Ames:

He was a friend of mine, actually. He'd been over for dinner a number of
times with his wife and so we liked each other.

03-01:11:41

Burnett:

But when did you first meet him?

03-01:11:46

Ames:

I had hired someone who knew him. And anyway, I don't remember the date
but I met him and we liked each other.

03-01:11:56

Burnett:

In the 1970s, you met him?

03-01:11:58

Ames:

I don't remember, but I'd been to his house for dinner or Giovanna [FerroLuzzi Ames] and I, and so—

03-01:12:06

Burnett:

Did you talk about markets and—

03-01:12:09

Ames:

I think when I first met him, he said, "I think they should abolish the EPA, the
FDA, and government funding of science." I said, "Milton, I might argue
about the last one but I'm not going to argue about the first two."

03-01:12:25

Burnett:

That was your first conversation with him?

03-01:12:27

Ames:

Yeah, yeah, [laughter] he was a fun guy. He didn't take himself too seriously
but he was really smart and I like people like that who challenge all your
assumptions.

03-01:12:43

Burnett:

Well, he probably was stimulated by knowing you, as well.

03-01:12:48

Ames:

Yeah.

03-01:12:48

Burnett:

So, you're moving through a world of changing times and that notion of a
robust intellectual defense of the market was fairly fresh in 1970.

03-01:13:08

Ames:

Yes, he was a pioneer in lot of that.

03-01:13:10

Burnett:

Absolutely. So, it's interesting that that's in the mix right when you're doing
this work.
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03-01:13:17

Ames:

Yes. He was good at marketing, too. He wrote very well and could speak very
well and—

03-01:13:23

Burnett:

He was a public intellectual.

03-01:13:25

Ames:

Yes.

03-01:13:25

Burnett:

Now, are you a public intellectual?

03-01:13:30

Ames:

Well, I'm not sure. Well, in some sense, maybe.

03-01:13:35

Burnett:

I wonder, because you were talking about the slow uptake of the regulatory
agencies and I could find one instance where you were an author on a
National Academy of Sciences report on pesticides, in 1975, and it's called
"Contemporary Pest Control Practices" and it was about the latest wisdom
about this.

03-01:14:06

Ames:

Yes, pesticides were the big villain in the country and people had gone
overboard. You know, pesticides are useful. They lower the cost of your food
and your food keeps cancer from the door, if you eat your veggies.

03-01:14:27

Burnett:

You did make this argument and it's clearly articulated later, but the gist of it
is that an excessive and expensive concern for these minute quantities of
chemicals in the diet or what have you, or in the air, for example, can really be
uneconomic or a disservice to the public health.

03-01:14:58

Ames:

Yes, I had a sort of economist's view of things. If you spend your time on a
thousand hypothetical risks, you're lost, because you have to find out what's
important and go after those. And that seems obvious to me but it is thinking
more like an economist.

03-01:15:26

Burnett:

Well, certainly when the resources of public health are very limited you have
to pick your—

03-01:15:35

Ames:

Targets, yeah, yeah.

03-01:15:36

Burnett:

—targets, absolutely. And Richard Doll did that and Richard Doll was a
socialist.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

95

03-01:15:41

Ames:

Yeah!

03-01:15:41

Burnett:

So, it doesn't necessarily track that, I think you have to have an eye for the
most significant, the biggest bang for your buck.

03-01:15:51

Ames:

Exactly, and I've always sort of had that in mind in doing science. You want
to go after really important things. So, always had four or five projects going
on in the lab, but which one was going to have the biggest bang for the buck?

03-01:16:07

Burnett:

Right, exactly. So, once the Ames test is out there, there's a raft of
publications of—you're investigating—you mentioned hair dyes.

03-01:16:20

Ames:

Yes.

03-01:16:21

Burnett:

But flame retardants as well.

03-01:16:24

Ames:

Yes.

03-01:16:25

Burnett:

Was that inspired by Lois Gold?

03-01:16:30

Ames:

I remember the hair dyes. I used to teach a course and I'd have the students
bring in something to test on the mutagenicity test. And one kid brought in his
girlfriend's hair dye and it was really mutagenic. So, that's when I sent Edie
[Edith] Yamasaki out to the store to buy every permanent hair dye. With
permanent hair dyes, there are little openings in the hair follicle so these small
molecules could get in and then if they could react with each other or with
hydrogen peroxide and make a color dye that was too big to get out, that was a
permanent hair dye. And that was the chemistry behind this thing. So, I had to
read up on the principles of hair dyes and what was in them and why. They
were using aromatic amines, a lot of which are carcinogens, and a little
hydrogen peroxide. And you did all the chemistry inside the hair follicles and
the big dye molecules couldn't get out. It was a clever thing that the permanent
hair dye people had come up with, except some of their amines were
carcinogens, so I wrote a paper and, as I remember, sent it out to all the hair
dye companies and said, "You guys better shape up," and they did. They
found some amines that could make good colors—so, I wasn't about to
publish a paper and bring down all the hair dye companies because women
wanted to use hair dyes. So, anyway, I was happy with all of that.
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03-01:18:29

Burnett:

So, again, your approach was to just communicate, and if you give people an
opportunity to do something, they would do it—and they did it.

03-01:18:37

Ames:

Yes, and I didn't get any money from them or anything. I didn't want to get
into conflicts of interest. Let's see, that was hair dyes. Now, the other one was
flame retardants.

03-01:18:59

Burnett:

Yeah, in children's pajamas.

03-01:19:01

Ames:

Oh, I remember. So, the government had passed some rule that cotton pajamas
couldn't be sold—they had to be flame proof. And you put a blowtorch on the
cotton for I don't recall how many seconds, and if it didn't go up in flames, it
was all right. But no fabric passed their test, so the fabric industry got a big
shock. They looked around—what could they add to the cotton that wouldn't
go up in flames? And there were all these brominated and chlorinated
chemicals that some chemical company was selling as flame retardants, and
that's what they used. But I went right out and tested all this and said that's
crazy, putting some unknown chlorinated, brominated chemicals in pajamas
where you're treating fifty million kids—rubbing on their skin, and it was all
being oversold. So, I just decided that was not a thing you wanted to do and so
I tackled that problem.

03-01:20:11

Burnett:

That is something that you published on, though.

03-01:20:13

Ames:

So we published that some of these chlorinated and brominated chemicals are
mutagens and they're metabolized to other mutagens and it's not a good thing.
I mean, you might save a dozen kids from burning up when their cigarettesmoking father falls asleep on the couch and sets the house on fire, but it
wasn't reasonable to treat it to harm 50 million kids. So, I was attacking this
government agency and they fought back. Government agencies don't change
things very easily. And I showed that their urine was full of mutagens and so I
eventually won the battle, but it was a long fight.

03-01:21:03

Burnett:

The urine of people who were wearing the flame-retardant pajamas? Really?

03-01:21:09

Ames:

Yes, that's how I won the battle, finally. I found some kids wearing it—and
my kids, we bought our pajamas in Europe, so they didn't have flameretardant, -resistant pajamas. And I got urine and I could show that there were
mutagens in the urine of the people with the treated pajamas but not with
ordinary pajamas and that did them in, so I finally won the battle.
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03-01:21:35

Burnett:

Oh, my goodness.

03-01:21:40

Ames:

So, again, that soured me a little on government agencies which weren't
willing to change.

03-01:21:47

Burnett:

Right, or listen to the science that was part of that. And saccharine and
ethylene dichloride, you did research on that, as well.

03-01:22:00

Ames:

Yes, there were two sweeteners and the Canadians used one and outlawed the
other and the Americans used the other one and outlawed the one the
Canadians were using, which was sort of amusing in an odd way.

03-01:22:20

Burnett:

It's a good experiment.

03-01:22:22

Ames:

Yes.

03-01:22:22

Burnett:

[laughs] And so one flame retardant chemical was tris-BP [2,3-dibromopropyl
phosphate]?

03-01:22:30

Ames:

Yes.

03-01:22:33

Ames:

It was full of chlorinated chemicals and it got metabolized to a few mutagens.
Or maybe I showed tris was a mutagen, I don't remember.

03-01:22:43

Burnett:

Right. So, I think the first paper that you write suggesting that the alarm over
toxins may be excessive was in '79, and you wrote it for the EPA Journal. So,
it's another instance where you were trying to engage in a conversation with
the regulatory agencies.

03-01:23:05

Ames:

Yes, I wanted to get it out of there and convince them that this wasn't a
reasonable regulation.

03-01:23:13

Burnett:

So, getting into the eighties, you are continuing to attempt to make the testing
of carcinogens or likely carcinogens or possible carcinogens more scientific.
And you team up with Richard Peto—

03-01:23:38

Ames:

Yes.
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03-01:23:39

Burnett:

—in '84 and that's for Environmental Health Perspectives—it's caused "A
Proposed Convention for Carcinogenic Potency of Chemicals in Chronic
Exposure Animal Experiments." So, you really want to revise how these
experiments are done.

03-01:23:58

Ames:

He was really smart, that Richard Peto. I liked him and he had a very good
mathematical mind and that's a weak point with me. I'm not so good at doing
all those kinds of calculations. So, we made a good team.

03-01:24:15

Burnett:

And you were thinking about—there's the standard lethal dose, it's LD50, it's
how much of a chemical it takes for half of the sample population to die, and
so—

03-01:24:33

Ames:

Yes, so they found the level that would give half the animals cancer [and
killing them]. But they were giving these huge levels, and so I tackled animal
cancer tests and eventually I got them to change the way they did things.

03-01:24:51

Burnett:

So, you and Peto propose the TD50, which is the "tumorigenic dose, fifty."

03-01:25:02

Ames:

Yes, that was just some math: how do you rate these things?

03-01:25:09

Burnett:

But this, then—eventually, you are successful in getting a change in the
animal tests for tumors, is that right?

03-01:25:22

Ames:

Well, yeah, I think they realized that Lois Gold and I'd point out half of all the
chemicals they've ever tested were carcinogens and that seemed like too high
a number to deal with. It's one thing if carcinogens are rare, but if everything
you test comes out positive, including some natural things, then—

03-01:25:51

Burnett:

Well, that becomes a part of this next set of papers in the mid-eighties I would
like to talk about.

03-01:25:58

Ames:

Okay.

03-01:26:00

Burnett:

But first, I think you need to help us understand HERP, the Human Exposure/
Rodent Potency index.

03-01:26:10

Ames:

Yes, so people were worried about all these synthetic chemicals and there was
a lot of trivia in there. So, I came up with this idea that the carcinogenicity
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was related to the dose. If you get this huge dose, you're going to get cancer.
And everything, you can feed it a high dose, you have a high chance of getting
cancer. And so, I thought an easy way to do that is look at how potent the
chemical is in killing animals and that was related to a high dose causing
cancer and how carcinogenic it was. So, anyway, it was just a way people
could screen out the unimportant thing from the important thing. I'm not sure
it was ever adopted very much, but—
03-01:27:16

Burnett:

Well, it's quite a paper. So there is this index. And some of—

03-01:27:25

Ames:

Let's see, was Lois Gold on that?

03-01:27:28

Burnett:

Yes, I think she's involved in that. I'm not sure if she's actually—this is a
paper from the 17th of April, '87, "Ranking Carcinogenic Effects." And it's for
a special issue of Science on risk assessment, and so there's a lot of attention
to this particular issue of the journal. And you propose this HERP index and
in the argument, I think this drew out a lot of people. What this index shows in
the rankings is quite striking. There had been a number of contaminated water
issues that I know the EPA was involved in. Woburn, Massachusetts was a
well-known case with some of these carcinogenic chemicals in the water as
well as Santa Clara, [California], which had been a center of the electronics
industry, and so on. So you ranked the potency of various chemicals and you
concluded that the contaminated water from the shut-down wells in Santa
Clara or Woburn, Massachusetts have orders of magnitude lower HERP
values than that of Coca-Cola, beer, wine, [laughter] a peanut-butter
sandwich, all of which are three times higher than chlorinated tap water.

03-01:29:03

Ames:

Yes, so, I was trying to put things in balance.

03-01:29:08

Burnett:

You were trying to ruffle some feathers, I think.

03-01:29:10

Ames:

Well, alcohol, when you think of how much people get into them, and
alcohol's really potent, so when I put things in a beer index, something was
equivalent to drinking a beer every five hundred years or something like that.
[laughter]

03-01:29:30

Burnett:

So, the idea behind this was to develop a critical approach to the conventional
wisdom surrounding the testing of carcinogens.

03-01:29:37

Ames:

Right, yeah, so I was pretty good at marketing and getting these things out
there in a way people could understand.
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03-01:29:46

Burnett:

So, this addresses head on what you saw as the problems with the rat model of
testing. And this is already '87, so some time has passed where you have been
identifying that the way the existing approach is complicated and
compromised in some important ways. And we've talked about some of them
already.

03-01:30:21

Ames:

Yes, I was attacked by being a tool of the industry, which was a funny attack
in my mind because I'm not a socialist, and who wouldn't—industry's useful
to the country.

03-01:30:36

Burnett:

Were you being attacked in the letters [sections] in the science journals or was
it outside? Was it in the [broader] public sphere?

03-01:30:43

Ames:

Well, someone like [Samuel] Epstein was a fierce socialist, so he was
attacking me from the left for supporting industry, which I thought was really
not science.

03-01:30:58

Burnett:

But was he doing that in science journals or was he doing that in the press? Or
both?

03-01:31:05

Ames:

I think both. It's all a little hazy now.

03-01:31:08

Burnett:

Yes I did look at the letters, which is really interesting. So, you're just
addressing the problems with the rat model. I mean, you were trying to say it's
basically more complicated than you think.

03-01:31:23

Ames:

Right.

03-01:23:24

Burnett:

You weren't saying don't pay attention to these problems.

03-01:31:26

Ames:

Right.

03-01:31:27

Burnett:

But let's have some perspective.

03-01:31:29

Ames:

Yeah.

03-01:31:30

Burnett:

So, the rat model's based on the maximum tolerated dose rather than the
effects of lower doses, which is what we ought to be concerned with.
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03-01:31:37

Ames:

Yes, except that, practically, it's expensive enough doing the maximum
tolerated dose. If you want to use low doses, you have to use huge numbers of
animals and it wasn't too practical. But still, I thought they were going off the
deep end with these huge doses.

03-01:31:58

Burnett:

With the Ames test—and I think I've asked this before but I'm not entirely
clear—the one advantage of the Ames test, primitive though it is—

03-01:32:09

Ames:

Yes.

03-01:32:08

Burnett:

—as in, it's not a perfect reflection of the natural world, but the power of the
Ames test lies in the dose-response curve, that you can actually see—never
mind a maximum tolerated dose, that you can see the range of effect of dosing
of a mutagen. Is that how it—

03-01:32:33

Ames:

Yes, well, there is a background level, and you don't want to worry about
trivia. And so, just theoretically, you have to put things in perspective. Do you
worry about a part per billion or something? And then, if you look at alcohol,
it's off the charts in everything and we know alcohol kills people, but I have
my glass of wine with dinner and—

03-01:33:03

Burnett:

You also point out, in the animal models, not just rat models, species variation
in cancer rates is important.

03-01:33:10

Ames:

Yes.

03-01:33:10

Burnett:

So, you can give a dose to a mouse and it gets cancer and the same dose to a
rat and it doesn't get cancer, of the same weight, so—

03-01:33:15

Ames:

So I used a lot of those arguments and Lois Gold was a big help on that
because she's had a good math background and she would do the nitty-gritty
on all of this.

03-01:33:32

Burnett:

Okay, interesting. So, she has a degree in political science, so she was doing
international relations?

03-01:33:40

Ames:

I turned her into a toxicologist. And I remember once she went to—so,
everybody knew her as a toxicologist, because she was publishing all these
papers. And one meeting, someone had gotten a hold of her CV [Curriculum
Vitae] and they saw pol-sci. She had abbreviated political science as her PhD
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in pol-sci. And one of the guys said, "Oh, I didn't know you got a PhD in
poultry science." [laughter]
03-01:34:18

Burnett:

It's an interesting abbreviation.

03-01:34:19

Ames:

Pol-sci wasn't in their—

03-01:34:21

Burnett:

Right, they just didn't imagine—I think what's strong about this paper, looking
back on it, is the argument that it's difficult to extrapolate to humans and that
cancer is the result of multiple stages of malfunction.

03-01:34:40

Ames:

Yes.

03-01:34:41

Burnett:

So, which stage is the mutagen acting on?

03-01:34:45

Ames:

Yeah, so if you get cell division, that'll give you cancer because mutations can
express themselves, and so it's all complicated.

03-01:34:55

Burnett:

Cell killing can remove the cells that suppress oncogenes. So, it's just that
there's a native carcinogenic—

03-01:35:01

Ames:

Well, cell killing causes the neighboring cells to divide and fill in, so you're
getting cell division, which is a risk factor for cancer, plus the high dose might
be causing inflammation, which gives you mutagens. And anyway, it's all
pretty complicated.

03-01:35:21

Burnett:

It is pretty complicated. And now, the letters come in and it goes into 1988.
So, the paper's in April of '87 and there are letters still appearing in 1988
about the paper that you publish.

03-01:35:38

Ames:

Let's see, a few were in support, most of them were attacking, I think.

03-01:35:42

Burnett:

[laughs] Actually, one was interesting. So, in the case of Samuel Epstein and
Joel Swarz, the argument was that there're overwhelming data on the
incremental exposure to industrial carcinogens.

03-01:36:00

Ames:

Yeah, I saw that.
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03-01:36:01

Burnett:

That the important distinction is not between natural or synthetic carcinogens
but between preventable and non-preventable cancers. Fair, I suppose. But
Ellen Silbergeld—

03-01:36:14

Ames:

Yeah, she was another leftie who got into this fight and—

03-01:36:18

Burnett:

Well, she said the HERP study ignores the absence of reliable data on
exposure, which is the weakest link in epidemiology. So, she was actually
pointing in a different direction which was helpful, I think, not an attack on
your research.

03-01:36:37

Ames:

Right, yes.

03-01:36:38

Burnett:

So, you're not content to rest on that. We have to go back a bit in the
chronology and we'll just end today by beginning to talk a little bit about the
other discovery or interest that is cultivated in you in antioxidants, with the
antioxidant properties of the body and the antioxidant properties of materials
that people ingest.

03-01:37:12

Ames:

I guess I got interested in oxidants and then antioxidants.

03-01:37:18

Burnett:

That's when you—

03-01:37:19

Ames:

And spent a number of years on that.

03-01:37:21

Burnett:

So it's quite early that you looked at oxidants.

03-01:37:26

Ames:

Yes.

03-01:37:28

Burnett:

And then that kind of naturally leads to antioxidants. It's actually in the
criticism and in the response that you gave in this 1988 exchange. Devra Lee
Davis argues that cooking removes much of the carcinogenicity of plant
material and the things that we eat and points out that—

03-01:37:53

Ames:

No, I'm not sure that's true, but anyway—

03-01:37:55

Burnett:

Well, you responded to it and you responded to every point very, very
thoroughly.
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03-01:38:03

Ames:

Cooking removes bacteria, I think is its main utility. But anyway, I guess I
just don't remember all these exchanges.

03-01:38:18

Burnett:

But it's interesting to me because she makes a case that there are protective
elements in the food that cancel out the carcinogenic aspects. So, there's a net
benefit from eating healthy foods and you responded you didn't disagree with
that. You were already thinking, in other words about the antioxidant
properties of foodstuffs. So, that's an interesting marker.

03-01:39:00

Ames:

Yes.

03-01:39:00

Burnett:

And you had published, five years earlier, on uric acid. And this is a 1983
paper with R. Cathcart, E. Schwiers, and P. Hochstein, "Uric Acid in
Antioxidant Defense in Humans Against Oxidant and Radical-Cased Aging
and Cancer," and that's in the Proceedings of the National Academy of
Sciences.

03-01:39:24

Ames:

Yes, I was elected to the National Academy, I think, in the early seventies and
was still pretty young. And members of the National Academy could send in
papers, so I thought that was convenient. And so, I published a lot of papers.

03-01:39:47

Burnett:

Well, certainly. I think it's instructive that you are thinking about what people
eat as being more important, much more important, than the trace elements of,
let's say, chemical pesticides and things like that.

03-01:40:06

Ames:

Yes, and then I started thinking about what you're leaving out of your diet,
because Americans are eating terrible diets because they're not getting their
vitamins and that just leads to all sorts of nasty things.

03-01:40:22

Burnett:

There's a great phrase that you have, I think it sums up a lot of this because
there's another—there's arguments about the Paleolithic diet—

03-01:40:32

Ames:

Yes.

03-01:40:32

Burnett:

And that's something that's still around today, and has even grown in the
public sphere, conversations about it, anyway. In 1990, you used the phrase
"comparative toxicology," so that we need to be thinking critically about how
we measure the natural world and we're not doing a good enough job with it.
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03-01:40:58

Ames:

Yes, people automatically think danger is man-made danger and they don't
think about it: nature's good and man is evil.

03-01:41:11

Burnett:

[laughs] Do you want to talk about the Oxy-R regulatory protein or should we
save that for another time?

03-01:41:25

Ames:

Yeah, we could save that. I got into the basic science of protection and the
whole oxygen radical field. Went to all the meetings and pretty soon, I started
getting invited to all the meetings about oxidants and antioxidants.

03-01:41:50

Burnett:

Does it follow naturally from the research that was being undertaken—so, let
me ask this: where is the epicenter for the research into antioxidants? Where
are the drivers? Is it coming out of medical research?

03-01:42:11

Ames:

There were lots of good people working in that field, and it became clear that
that's a major contributor to normal aging. When you oxidize your food—so,
when you eat sugar, you oxidize it—other molecules when you eat other
things. And there's a side stream of oxidants coming out of all this. And I
became more and more convinced that that is a major contributor to aging, so
I got into the whole aging field.

03-01:42:53

Burnett:

So it's home is not in biochemistry, the central home of research on
antioxidants and aging, for example.

03-01:43:10

Ames:

Yes.

03-01:43:11

Burnett:

It already sounds too applied to be—

03-01:43:14

Ames:

Yes, I had to learn some chemistry. A lot of the chemists had gone into this or
the radiation people, that's an oxidative mutagen. They moved from that
into—we add four electrons to oxygen when we're digesting food. And if you
add them one at a time, you make hydrogen peroxide and superoxide and
things like that, so a lot of the people from radiation biology got into the field.

03-01:43:55

Burnett:

So, I remember there were recommendations in [the event of] a nuclear attack
that you would take iodine pills.

03-01:44:04

Ames:

Yes.
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03-01:44:04

Burnett:

Right? So, to protect you from some of the oxidative damage—

03-01:44:08

Ames:

Yes.

03-01:44:08

Burnett:

—that was being done by the radiation. So, there was already a kind of
tradition of research coming out of that field.

03-01:44:14

Ames:

Yes.

03-01:44:16

Burnett:

But nutrition, were people doing it there? Are they doing—or is it medical,
biomedical research, so you have doctors in hospitals doing studies of this? Or
is it mostly chemistry?

03-01:44:30

Ames:

I think a lot of chemists got into the field and I had to—I'm always learning
new fields. If I get a postdoc who knows about all these things, then I try and
learn from them.

03-01:44:43

Burnett:

And then there's the folk/ grassroots tradition, left or not, let's say it's the
organic food movement, which really comes into being in the fifties, after—

03-01:44:54

Ames:

Yes.

03-01:44:54

Burnett:

—you know, it had other antecedents before it was—

03-01:44:55

Ames:

Yes, so pesticides became the big villain and—

03-01:44:58

Burnett:

So, farming organic, but there were raw food people and so on, although
there's problems with that, but there is a popular interest and a growing
industry around the consumption of healthy food—

03-01:45:16

Ames:

Yes.

03-01:45:18

Burnett:

—that's not processed. And I think that's where you would be absolutely in
accord with them, that highly processed, denatured food, if you eat just that,
eating a vitamin is not going to—

03-01:45:31

Ames:

—unbalanced diets.
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03-01:45:34

Burnett:

Right, so that's something—

03-01:45:36

Ames:

Yes.

03-01:45:36

Burnett:

—so, it's both the academic domain and stimulated, in part, by some of this
popular grassroots stuff.

03-01:45:46

Ames:

So I wasn't afraid to get into the public fights and things.

03-01:45:52

Burnett:

Absolutely. And I think it was well received. I mean, the papers have a lot of
citations and there's a lot of the different ones.

03-01:46:09

Ames:

Yes, I tried to keep to the science in my argument.

03-01:46:12

Burnett:

Yes, and some of them, you know, took a while to have some uptake but I've
noticed—

03-01:46:19

Ames:

I think I'm one of the most highly cited scientists. Somewhere, someone told
me that.

03-01:46:26

Burnett:

And this OxyR paper, which is from 1990, initially it didn't get that many
[citations], but it's just gotten more and more traction. It's highly cited into the
2000s. So, that's also a bit uncommon.

03-01:46:40

Ames:

Well, I was saying there's a whole network of enzymes designed to protect
you against oxidants. And we induce that when we get challenged. That's how
it works. And so, those were interesting ideas.

03-01:47:01

Burnett:

I was reading about that and it got me thinking about the immune system and
if you have a really aseptic environment for a child, they can actually be more
vulnerable to infections. Is it something like that, that we need—

03-01:47:20

Ames:

The body is full of defenses. You get a mutagen to start damaging DNA, you
induce all sorts of DNA repair enzymes and protective systems so that we're
very well defended—and it's not particularly about one particular structure.
It's about general structures. So, I got a better appreciation of that.
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03-01:47:52

Burnett:

Can it be like a rain barrel hypothesis where the body is stimulated, can
defend itself up to a certain point, and eventually the rain barrel fills and starts
to overflow?

03-01:48:06

Ames:

Sure. If there a little bit of oxidative damage, you can induce enzymes to
defend. But if you get irradiated, you're just overwhelming all your defenses.

03-01:48:22

Burnett:

Right. Well, let's take a break for now and we'll come back next session to talk
about that and many other things in more detail.

03-01:48:30

Ames:

Okay, good.
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Interview 4: December 6, 2019
04-00:00:00

Burnett:

This is Paul Burnett interviewing Dr. Bruce Ames for the University History
Series. This is our fourth session, and it's December 6, 2019. Welcome back,
Dr. Ames. We're here in Berkeley–north Berkeley. So last time, we were
talking about your work and research in the 1970s, and into the early eighties.
And we talked about your work as a kind of public intellectual, where you
wanted to convince as many different public groups as possible about a more
balanced approach to understanding the carcinogenicity of natural plants that
we ingest, as well as the chemicals that we produce. And I wanted to ask you
about science and politics, because you did become interested in explaining
your kind of philosophy–with respect to the governance of scientific
institutions, for example–and I came across an article that you had written
for–it came out in 1989, but it's based on a commencement address that you
apparently gave to UC San Francisco in 1985.

04-00:02:07

Ames:

I don't remember whether it was UCSF or another university that sounds
somewhat like it.

04-00:02:19

Burnett:

Or the University of San Francisco?

04-00:02:21

Ames:

Yeah. I don't remember which it was.

04-00:02:24

Burnett:

Okay. And it's called, "Science, Economics, and the Spontaneous Order." I'm
wondering if you could talk a little bit about your wide interests, and the fact
that you're not just moving from scientific field to scientific field, but that
you're also interested in the world around you, and philosophy, and
economics, and more. In this paper, you were just talking about how science
works in the United States, and how science works in different countries, and
your approach to understanding institutions, and how science works best. Can
you talk about your philosophy of how science works best?

04-00:03:28

Ames:

Well, my family tends to be on the left, but my parents were not particularly
interested in politics. My father was a schoolteacher. Did I talk about my
father before?

04-00:03:57

Burnett:

Yes, a little bit.

04-00:03:58

Ames:

He was very bright, and got a doctorate in law and a master's in chemistry–
which was an odd combination–but he skipped every other grade, I think,
going through school. But he never wanted to try new things too much. But I
knew their sympathies were always more on the left. And I had two uncles
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who were communists–one I liked, and one I didn't like. But anyway, that
was–
04-00:04:50

Burnett:

And that was in those days.

04-00:04:53

Ames:

That was in those days when it was still possible to believe in that. But
because I was interested in mutagens and damage to DNA, I became more and
more involved with DNA toxicology. I was one of the founders of that field.
And the country seemed to be spending all of its money on trivia, I thought–
that is, a part-per-billion of some chemical in the water–which seemed, when
you compared it to the smokers, and people eating bad diets–I became more
and more interested in nutrition, because normal metabolism was oxidizing
sugar, and fat, and these things, to get energy out of them, and the byproducts
were superoxide, and hydrogen peroxide, and other mutagens. So I started,
more and more, getting interested in what's built in, and Vitamin C and
Vitamin E helped counteract that. And when our DNA starts getting damaged,
you induce the fifty different DNA repair systems that are proteins cruising
along the DNA, looking for some bump that shouldn't be there, and clipping it
out, and putting in the right base across the double helix.
And so maybe it was just built into me. I had a somewhat economic view of
things. You have to work on the important things, and you can spend–they
were spending–tens of billions of dollars chasing after this part-per-billion,
which mainly seemed a distraction to me. Now, the environmentalists tended
to come from the left. They were very agitated; they thought the companies
were going to poison their grandmothers if they could, in the name of profit,
and they wanted the government to run everything. But my experience with
the government is, it was hugely inefficient. And every company in the world
wrote me for my strains, and I was giving them away free to thousands of
people, and so I got to talking to these people. I never took a penny from
industry, because otherwise I'd be tarred and feathered, and driven out of
town. And we had two salaries, so we lived well, and I was more interested in
science than money.
But I got to fighting with a lot of those environmentalists who thought, "Oh,
all our cancer is coming from these chemicals that industry is feeding the
population," and that just didn't seem right to me, and I was willing to defend
industry, because that's where the wealth in the country is coming from. So
anyway, I did get a bit into that aspect of politics, and things.

04-00:08:23

Burnett:

But it derives in part from your knowledge of genetics, in the sense that–

04-00:08:30

Ames:

Yes, it came out of my science.
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04-00:08:33

Burnett:

In the sense that your understanding of damage to the body has more to do
with the choices that people make. Is that right?

04-00:08:43

Ames:

Yes.

04-00:08:44

Burnett:

Because the regulatory response is that we need to forbid the production of
certain chemicals, and control the market such that people are not exposed,
and people are protected from damaging chemicals.

04-00:09:00

Ames:

You don't want chemical companies dumping all the waste out into the local
river. I mean, that's obvious. And you do need rules, but at least my
interaction–every company in the world was using our test, and they'd call me
up, and "Oh, we have this really important chemical–and useful–but if you use
a large amount of it, we get some mutagenic activity, and we've done it over
and over again, and we're sort of torn, because we don't want to put a mutagen
out there." But I said, "Try to see if there's an impurity in there, because most
chemicals have a few percent impurities. Maybe you have an impurity that's
mutagenic." "That's a good idea. We'll go do it." And he called back, "Hey, it
was the impurity. We're very grateful to you." But I didn't charge anybody
anything for free advice.

04-00:10:06

Burnett:

I think you also write, at least in this paper and elsewhere, about the way in
which your understanding of biology can inform your understanding of
political order, or even institutional order.

04-00:10:27

Ames:

So I had a friend at Berkeley who was a fierce libertarian, and he had read
Hayek and Mises, and all the great economists on the libertarian side, and
Milton Friedman. In fact, he introduced me to Milton Friedman. We became
friends, so he came to dinner here a couple of times, and he invited us to
dinner a few times. And I liked him. When I first met Friedman, he said,
"They should abolish the EPA, the FDA, and government funding of science."
I said, "Milton, I won't argue with you about the first two things. They do
spend a lot of money and get relatively minor benefit, but government funding
of science really benefits the country." So anyways, we argued a bit about
that, but he was a very pleasant guy, and very smart, and didn't mind being
criticized.

04-00:11:46

Burnett:

And a provocateur. I mean, there's some of that. He would go to the limit, and
see how far he could push something. [laughter]

04-00:11:55

Ames:

Yes, he was like that.
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I always have some people in my lab who want every i dotted and every t
crossed, and I tend to get enthusiastic about things, and maybe go overboard
once in a while, and I like people who would come to me and say, "Bruce, you
have to change that. That's too strong."
04-00:12:17

Burnett:

[laughter] Well yeah, I think one of your students described you as being
almost like this force of gravity of persuasion.

04-00:12:29

Ames:

Anyway, I had two people who were terrific at that–Lois Gold, in more recent
years, and Joyce McCann, who came as a postdoc and then stayed on. They're
both really smart, and both write very well. And so I'd love to get their
comments on every paper. They were both extraordinarily critical and
intelligent.

04-00:12:54

Burnett:

So they would refine your arguments, as well as the writing?

04-00:13:00

Ames:

Lois–I had a paper–let's see, I think it was about flame retardants, or
something like that.

04-00:13:13

Burnett:

We did talk about that last session, yeah.

04-00:13:17

Ames:

Anyway, she died recently, but she was really smart.

04-00:13:23

Burnett:

So I wanted to ask you about the actual institutional structures around science,
that produce scientific knowledge. And so in this paper, "Science and the
Spontaneous Order" –and "scientific order" is sort of Friedrich Hayek's
adaptation of evolutionary ideas to the political realm. And you kind of agree
with that, and you're talking about your experience in government. So can you
talk about the optimal institutional structure or support around science?

04-00:14:09

Ames:

I was at NIH fifteen years, and there was a National Cancer Institute, but they
were, in my view, sort of narrow in their approach, and I was more interested
in the mechanism, and mutagens–which I wandered into–and then showing
them that carcinogens were mutagens. So you don't want the administrators
telling you what to do, because it's the person who thinks differently that
changes the direction of science. I wasn't afraid to go out there and say, "No,
that's wrong." So that disillusioned me a bit about government. I mean, you
need government, but it's a monopoly, and the reason–so I gradually went
from slightly left to slightly right, or wherever you want to put people with
libertarian instincts.
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04-00:15:22

Burnett:

Well, the idea, I guess, of a marketplace of ideas–that if there's support of
something, you want to support the freedom of inquiry of the scientists to–

04-00:15:42

Ames:

Of the institutes, the [National] Cancer Institute, I felt, was too heavily topdown. But the Arthritis Institute [National Arthritis Institute and Metabolism,
and Digestive Diseases, its name in the 1970s]–which I ended up in–they
didn't mind me working on cancer, though I was in the Arthritis Institute. So
that's a pretty good degree of freedom. And they just tried to hire the best
scientists around who did have a more biological view, I thought.

04-00:16:10

Burnett:

You had the evolutionary-economic perspective of von Mises and Friedman,
but especially Hayek, I think.

04-00:16:19

Ames:

Yeah. I really got turned on to Hayek. This friend of mine said, "Hey, you
should read Hayek." And I went through a lot of Hayek's books, and he sent
me vibrating at the right frequency.

04-00:16:37

Burnett:

[laughter] So you just get captivated by new knowledge–a new domain–and
you just dive in, because it excites you?

04-00:16:45

Ames:

Yeah, I guess. I was always a bit of an enthusiast. And I never was terribly
good at school because I was too distractable. I would get B-pluses, and all
my friends were getting A-pluses.

04-00:16:59

Burnett:

And I think that, in the early nineties, you and Lois Gold are writing a number
of articles–

04-00:17:16

Ames:

[We were trying to reorient priorities] We didn't win the war, but I just wanted
to get my view out there, that we're wasting lots of money, and not attacking
the right things. Now, I'm more and more into nutrition. Have I talked about
that?

04-00:17:38

Burnett:

Well, we're going to.

04-00:17:40

Ames:

That's my current enthusiasm.

04-00:17:41

Burnett:

Well, we'll have a whole session on that, hopefully. But in the early nineties,
you write about "cancer prevention and the environmental chemical
distraction." So that was your description of it. And there are other people too,
in the early nineties, who are beginning to react to what they see as an
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incursion of the people in the humanities and the social sciences, who are
studying science as a social and political phenomenon, and they start to push
back. And so I think you wrote an article for a book that was called Phantom
Risk, and it had contributions from a number of scientists, about this type of
problem–or what you saw as a problem. And I think you update some of your
critiques with Lois Gold–and you published something called "Paracelsus to
Parascience."
04-00:18:47

Ames:

I wasn't afraid to attack conventional wisdom. Lois tamed me down a bit on
all those things.

04-00:18:54

Burnett:

But you can see the economic rationale coming out. So in this article, you're
talking about–cooking foods produces 2,000 milligrams a day of burnt
material that's carcinogenic. The hormone panic–there were scientists and
activists drawing attention to the presence of hormone disruptors, I suppose,
in things like shampoo.

04-00:19:19

Ames:

But again, it was tiny amounts of hormones, compared to–and also
teratogens–alcohol is a terrific teratogen. We know you can get all sorts of
birth defects. And people were blaming chemicals without putting it into
perspective, I thought.

04-00:19:45

Burnett:

Right. One sentence I'll read to you from this "Paracelsus to Parascience:"
"Because there is no risk-free world, and resources are limited, society must
set priorities based on cost-effectiveness in order to save lives."

04-00:20:02

Ames:

That sounds like an economist.

04-00:20:04

Burnett:

It does. [laughter] So you're being influenced by these sort of other social
sciences, and you're reading widely. That all informs your work.

04-00:20:18

Ames:

Yes. I think I've done pretty well, even though I didn't have a great memory,
and wasn't a star student. But I was always very original, and not afraid to
learn something new.

04-00:20:32

Burnett:

Well, that's a good segue to something new. And I'm wondering, now that
we're into the 1980s, let's return to your straight-up science research. And I'm
wondering if you could talk about oxidation a little bit, and the fact that this
becomes a really important part of your research.
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04-00:21:06

Ames:

I became more and more convinced that nutrition was important, because I
published a paper back in 2006, or something like that, on triage theory. So
what I postulated is this. There were thirty known vitamins and minerals at
that time. I've added another eleven that I think should be on that list. So you
need these forty substances to run your metabolism. Right now, I'm all excited
about Vitamin D, [which we make in our own skin from UV light from the
sun]. And people are eating horrible diets, so they're not getting these
vitamins, and it does them in. I mean, you get more DNA damage, and knock
out repair systems, or all these things, if you don't eat a perfect diet. And that
means eating a balanced diet–which the nutritionist people are telling us–
except they hate pills. They tell people how to eat a good diet, but people don't
change their diet easily, and I think pills are part of the solution, and
fortification. I was tackling the nutrition community as well–or at least saying
that I thought pills were part of the solution.

04-00:22:38

Burnett:

Well, I do want to save these stories for later, to preserve the chronology a
little bit, but I think starting with the research you were doing in the eighties,
about oxidative stress.

04-00:22:55

Ames:

So I was interested in anything that damaged DNA. And it's clear that when
you metabolize your food, you're creating oxidants–byproducts of adding four
electrons to oxygen, to make water. One electron is superoxide, and two
electrons is hydrogen peroxide. So you're making all these nasty oxidants in
your normal metabolism in making energy.

04-00:23:27

Burnett:

Just living.

04-00:23:29

Ames:

Just living. And we started measuring how much damage you're getting, so
when you repair out a damaged DNA base, it goes into the urine. So we
started looking in the urine, whether all these things were coming out of
people, and they were. I got all involved with flame retardants.

04-00:24:01

Burnett:

You did, and we did talk about that last day.

04-00:24:04

Ames:

And also hair dyes. And I didn't think–I thought there should be government
rules, but they were focusing on the wrong things, because you have to look at
the big picture. Where is your DNA damage coming from? And most of it, I
think, is from smoking and bad diets, because when you eat a bad diet, it
doesn't give you all these forty substances you need. You're disabling DNA
repair enzymes–fifty enzymes that are cruising along the DNA, looking for
trouble. And when they see a bump–a methyl group or something that
shouldn't be there, they clip out that strand, and copy the other strand. So there
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are fifty different DNA repair enzymes, and they all require magnesium, and
seventy-five percent of the country is short of magnesium. I mean, that's what
we should be worrying about. [Magnesium is in the center of chlorophyll, so
eat your greens!]
04-00:25:08

Burnett:

Well, you wrote a paper that was very highly-cited about the history of the
free radical theory–this notion that oxidation causes all kinds of health
problems.

04-00:25:21

Ames:

Yes. Kenny Beckman was a very bright postdoc who came to my lab. I get
these wonderful students, and I learn something every time a really bright
student comes in. They know about some field that I don't, and I always learn
things. Anyway, he was one of them.

04-00:25:41

Burnett:

And he was the coauthor on that, I think.

04-00:25:42

Ames:

Yeah, I think he wrote the first draft of that.

04-00:25:45

Burnett:

Yeah, and it's a great history of it, and it goes back to this Denham character.

04-00:25:51

Ames:

[Denham] Harman. He was another guy who was off the beaten track, but he
started a new field [about the oxidative damage of DNA, because he knew
radiation damage is about DNA oxidation].

04-00:26:01

Burnett:

Right, and this was back in the fifties. But I think what begins to happen–and
correct me if I'm wrong–is that part of it is a new way of looking at this
problem, and part of it is new technology–higher technology. And I think in
one paper, you describe, through a combination of liquid chromatography and
electrochemical analysis, you're able to achieve a resolution to detect DNA
damage 10,000 times more sensitive than optical measurement.

04-00:26:44

Ames:

Yes, because the minute you have a company making a machine, and making
money out of it, there are competitors, and the guy who figures out a more
sensitive way of doing things will sell more machines. So I became enamored
of all these new wonderful machines that made science better, because we
could use them to do interesting things.

04-00:27:09

Burnett:

So you have an enthusiasm for the new–new ideas, new techniques, new
technology. All this stuff costs money. Well, the new idea doesn't cost [as
much] money, I suppose.
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04-00:27:28

Ames:

Oh no, science is expensive. I wrote lots of grants. All scientists had to do that
to get money to hire people, and work on new things, and I used to know how
much it cost me each year to run my lab. But it was an appreciable amount of
money. And so we have to be entrepreneurs to raise the money, and so I
applied to the Cancer Institute, and they turned me down flat. I was working
on bacteria at the time. "Bacteria have nothing to teach us about cancer"—
and that was just when the field of molecular biology was booming, most of it
done in viruses and bacteria.

04-00:28:18

Burnett:

But that was in the sixties, and maybe early seventies. By the early eighties,
you got a National Cancer Institute Extraordinary Investigator Grant?

04-00:28:31

Ames:

It was something called an Outstanding Investigator Grant, where they gave
me lots of money for five years, and I could do what I want, and that was
perfect for me.

04-00:28:45

Burnett:

And that was the National Cancer Institute, so they–

04-00:28:47

Ames:

Was it?

04-00:28:48

Burnett:

Yeah, it was. Well, I don't know if that particular one, but I'm referring to the
papers that you were coauthoring in the 1980s. Many of them came out of an
Extraordinary Investigator Grant–I can get the exact phrase–from the National
Cancer Institute. So they came around. [laughter] [Several articles from the
1980s cite the NCI's Outstanding Investigator Grant and an Environmental
Health Sciences Grant to Bruce Ames.]

04-00:29:11

Ames:

It was an Outstanding Investigator Grant, which was nice, because you didn't
have to spend half your time writing grants, which nobody enjoyed.

04-00:29:27

Burnett:

And takes all of your time.

04-00:29:30

Ames:

Yes. In that sense, I've been on the government–

04-00:29:41

Burnett:

Not "dole." [laughter]

04-00:29:44

Ames:

"Tit," or whatever you want to call it, for a long time. So I'm not antigovernment, I just want them to do the right thing. And bureaucracies have a
lot of trouble, because their incentives are a bit perverse. If the incentives are
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right, people will adapt, but if they're not right–so incentives in a bureaucracy
are all to building a bigger bureaucracy and getting a higher salary.
04-00:30:16

Burnett:

So you're talking in part about the growth in the institution itself, for its own
sake. But another effect of that can be that it slows things down. Is that part of
it for you?

04-00:30:40

Ames:

Yes, I think so. You want an Environmental Protection Agency, but–and their
incentive is to worry about parts-per-thousand, and parts-per-million, partsper-billion amounts of chemicals, but I don't think they're very important. So
do you want to shut the agency down, or do you want to reorient it? And in a
way, they eventually come around.

04-00:31:11

Burnett:

But it's slow.

04-00:31:12

Ames:

It's slow, and companies will go out of business. They'll all lose their jobs if
they don't keep ahead of the field.

04-00:31:28

Burnett:

Well, science occurs inside of a society, and you see which parts of society
work best for the work that you're doing.

04-00:31:36

Ames:

And people tend to spend their life knowing more and more about less and
less. I don't think that's an original phrase. I read that somewhere, and it's true.
I'm trying to be a generalist, because I can make the most progress that way.

04-00:31:58

Burnett:

And is that advice that you give others, or do you recognize that everyone is
special, and has strengths, and some people are–

04-00:32:06

Ames:

Yes, everybody has different strengths.

04-00:32:11

Burnett:

You know the story The Fox and the Hedgehog, from Antiquity.

04-00:32:16

Ames:

Yes, I read it a long time ago.

04-00:32:20

Burnett:

So the hedgehog knows one big thing–

04-00:32:25

Ames:

And the fox knows little bits about many things. No, that's true.
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04-00:32:32

Burnett:

So coming to oxidative damage, can you talk a little bit about–because one of
the things that becomes clear to me–and it's connected also to your research
on carcinogenicity of plants in the 1970s–is that you talk about the
phenomenological approach to understanding the problem. And by that, you
are referring to in vivo–as opposed to in vitro–studies. Can you talk about why
it's important to study biochemical processes in the body?

04-00:33:14

Ames:

The human being is a very complex organism, and if you can show that the
DNA is getting damaged in the person, it's stronger evidence than just doing
epidemiology–which is useful–but my joke was, "Miami is a weird place.
Everybody's born Hispanic and dies Jewish." So epidemiology's a really tough
field. You have to be careful, and something else is going on. And the good
epidemiologists are very strict about evidence.

04-00:34:09

Burnett:

But that is a problem with the body, as opposed to an experiment of the
reaction of two chemicals in a test tube.

04-00:34:16

Ames:

Well, so did I talk to you about my struggle with the Consumer Products
Safety Commission about flame retardants.

04-00:34:31

Burnett:

You did. Maybe talk to me a little bit about your detective work with
oxidative damage, and the body's defenses. So it can be a problem. How do
you know? If you have an increase in some sort of biomarker of DNA
damage–is it the body that's taking care of things, which means it's working
well, or is it under attack by all of these damaging things? And how do you
know?

04-00:35:12

Ames:

It's complicated. I became interested in looking directly in higher organisms,
not just in bacteria. You can show something's a mutagen, but can we deal
with it? And then that got me into nutrition, because Vitamin C and Vitamin E
seem very important as antioxidants, and clearly we have all kinds of defense
systems, and you don't want to disable them.

04-00:35:48

Burnett:

Right. Absolutely. Some of the people that you were working with in the
1980s–these are postdocs, graduate students, fellow scholars at Berkeley?

04-00:36:06

Ames:

All of them. I had people who came and spent a sabbatical year at my lab, and
I always enjoyed that. And then postdocs, I'd pick maybe one in five of the
people who wrote me. I mean, I always like good postdocs, but I was always
very selective, and if someone really didn't have it, I would not keep them
around too long. And then undergraduates–I think I recognized that we had all
these bright undergraduates, and they wanted to get their hands into science–
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not only their minds–and so they put me in charge of undergraduate advising,
and I knew who all the best students were, and if they were interested in
working in my lab, I'd have them talk to all the people in the lab and see
which project they liked, and let them work with that postdoc, or that graduate
student. And that worked very well, because they were enthusiastic about the
project, and I'd explain why it was interesting. And so I had wonderful people
working in my lab.
04-00:37:24

Burnett:

Sometimes you'd help people even when they weren't your students. There
was a story that many of your former students tell, that there could be
someone who needed help with something, and you'd help them out. You had
no official connection to them, but they asked you. One graduate student had
an idea for a project, and his advisor would not pay the $1,100 to produce the
compound that they needed to do the research.

04-00:38:04

Ames:

Money was tight in science, and you had to think about that.

04-00:38:08

Burnett:

Well, he wrote to you and said, "You're famous. Can you help me decide what
to do about this?" And you said, and this was while you were at the NIH –
"Well, why don't you come here? You can make it in our lab, and you give us
half of it, and you can have that half for free." I don't know if we can tell that
story now, if the statute of limitations has run out on that– [laughter]

04-00:38:35

Ames:

That was that recent letter from Gerry Fink. My first three postdocs were all
sensational. Gerry Fink made a big name in science, and he's a professor at
MIT, I think [The Whitehead Institute for Biomedical Research, which is
affiliated with MIT. Dr. Fink's PhD was from Yale]. And John Roth also was
wonderful. He became a professor at Berkeley, and then went to other places.

04-00:38:58

Burnett:

[UC] Davis, I think.

04-00:39:01

Ames:

And now he's at Davis, yeah. And then Bob Martin. At one point, the head of
the lab, a guy named Gordon Tomkins, came around with a stack of dossiers.
And these were Harvard students wanting to spend a summer doing research,
and he said, "Pick one. These are the guys who want to come to NIH and do
science." And I went through them, and Bob Martin had an A-plus in physics,
and I think he was a medical student then, and I thought that was unusual.
And he was obviously a very smart guy, so I said, "Come." And his wife, Judy
Martin, became Miss Manners. She got a job at The Washington Post.

04-00:40:03

Ames:

So anyway, recently, Gerry Fink wrote this story that I'd completely forgotten
about, that I worked out the pathway of histidine biosynthesis. I think there
are ten steps or something like that, so it's complicated. And histidine has an
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imidazole ring, so it's a cyclic ring with three carbons and two nitrogens. And
I figured out how it was made, using mutants of Neurospora, which is a mold.
Gerry Fink was a leader in yeast as a model organism.
04-00:40:41

Burnett:

Well, in the eighties–can you talk a little bit about the work and the
collaborations? Because there's people here–I don't know if you can talk about
them–R. Cathcart?–is it Robert Cathcart?

04-00:40:54

Ames:

Cathcart?

04-00:40:56

Burnett:

Cathcart. He was there very briefly, I think. And R.L. Saul?

04-00:41:03

Ames:

Yes, Bob Saul's a Canadian who came to my lab, and was very bright. And he
ended up going into business, and he and his family live in the Bay Area.

04-00:41:25

Burnett:

So this is about this work with those two, and, I'm sure many others. You're
working on and learning about DNA repair enzymes.

04-00:41:36

Ames:

Yes, well, I didn't know much about that, but some of the students were
experts in that, and so I learned that field–or enough to help me decide what to
work on.

04-00:41:50

Burnett:

Right. And can you walk me through just a little bit about antioxidant
defenses? The body has them, and then also you ingest them, as well. There
are nutrients you can get, but how–

04-00:42:03

Ames:

So just as part of living and metabolizing your food, you're making dangerous
oxidants–hydrogen peroxide, superoxide–and so they got me into nutrition,
but also into how you measure things in people and how you need evidence
from many different sources.

04-00:42:30

Burnett:

And so there's the body's defenses–there's this S.O.D.

04-00:42:37

Ames:

Superoxide dismutase will destroy superoxide, and then catalase destroys
hydrogen peroxide. So we have defenses, and there are a large number of
enzymes that are induced. We showed in bacteria that some gene called OxyR
is the key trigger for inducing antioxidant defenses. And so we worked out a
lot of that in bacteria, and then of course higher organisms have it, too.
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04-00:43:18

Burnett:

Some people wonder why scientists bother studying things like fruit flies.
"What does that have to do with—" [laughter]

04-00:43:39

Ames:

Well, it's just easier to work out fundamental mechanisms in Drosophila than
in people.

04-00:43:47

Burnett:

And we share some fundamental genes. Many, right?

04-00:43:50

Ames:

Oh yeah. So you don't mind killing Drosophila–this little fly–or yeast–you can
kill yeast and you don't feel bad. And mice. We kill mice. You might feel bad
when you do that, but it's needed, so all the new drugs in people are tested in
rats and mice.

04-00:44:15

Burnett:

But if you also have those fundamental genes in zebra fish, and things like
that, you can then test how the pathways work, and scale it up in order to
understand how it works in the human body.

04-00:44:33

Ames:

Model organisms have been tremendously useful. So E. coli, we worked on
Salmonella, which is a related organism, and Drosophila–a fruit fly–and yeast.
So yeast is a higher organism compared to bacteria. It has mitochondria, and
bacteria don't.

04-00:45:05

Burnett:

And you need to work out, when the cells get more sophisticated, because
oxidation works differently on mitochondrial DNA, as opposed to–right? So
that's another part of the story. But some of your collaborations are really
long-lasting. You've worked with people–Lois Gold is a long collaboration.

04-00:45:30

Ames:

Yeah, Lois got a degree from Stanford in political science, and I had some
paper about flame retardants in kids' pajamas, I think it was.

04-00:45:43

Burnett:

Yeah, we talked about that.

04-00:45:46

Ames:

So she peppered me with questions for an hour, and she was obviously a very
smart cookie. And I like people like that around me. I said, "Can I hire you?"
and she said, "Sure. I'm raising a kid, but I have lots of extra time." I said,
"You can work whatever hours you want to, and as much as you want to, and
I'll pay you." And so I like smart people around me. Her background in
political science wasn't too useful, but she was just smart enough that she
became a toxicologist, basically.
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04-00:46:27

Burnett:

Right. Well, there a couple of figures here in the early nineties: Mark
Shigenaga?

04-00:46:32

Ames:

Yes, he's still with me.

04-00:46:36

Burnett:

Yes, that's a long collaboration.

04-00:46:37

Ames:

He's just retiring. He's a Japanese American from San Francisco, and he was a
wonderful experimentalist. And so when you do experiments, he'd always
think of some control nobody else thought of, and so I was happy. And I
thought he was a really good scientist, but he was somewhat shy, and didn't
want to go out and carve his own career out. I treated him well, and so he just
hung around.

04-00:47:13

Burnett:

Okay. But he was a coauthor, and authoring these papers. Lots of papers,
yeah. And Tory Hagen–

04-00:47:21

Ames:

Tory Hagen, yes. He was very bright, and he knew a lot about things that I
didn't, and so he worked as a postdoc in my lab, but his car was hit by
somebody going really fast, and he battered up his back, and so he was sort of
half-crippled. He got somewhat better over the years, but he's had a lot of
medical problems. And he eventually became a professor up in Oregon, at
Corvallis.

04-00:48:08

Burnett:

Okay. So there's a lot of work on understanding how the body repairs DNA.

04-00:48:27

Ames:

That's been a big field. The Atomic Energy Commission funded some of that.

04-00:48:27

Burnett:

And then this leads into the vitamin research. You're looking at what enters
the body, or what the body can use from what you ingest.

04-00:48:46

Ames:

Yes, and repair systems. So our liver is a wonderful detoxifying system. You
get a foreign chemical in you, and if it's a mutagen–mutagens tend to be
electrophiles, and they'll damage DNA which is nucleophilic. And you need
magnesium from the DNA repair enzymes, and you need other coenzymes to
work all these things. So enzymes are proteins with a certain shape, that can
do catalytic work, and some of them need cofactors. And those are the
vitamins and essential minerals. And if you're not getting one, you're disabling
a whole area of metabolism. Zinc is in 2,000 enzymes. You don't have zinc,
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these don't work, and it messes up your metabolism. And a lot of that is
defense systems. So that got me into nutrition, yeah.
04-00:49:53

Burnett:

Does that explain why people now recommend zinc if you're getting a cold–its
function in an immune system?

04-00:50:03

Ames:

I don't know that.

04-00:50:05

Burnett:

So there was an article in The New England Journal of Medicine, a study that
showed that–just as you're getting a cold–a high dose of zinc can either
prevent the cold from taking root, or can reduce the severity.

04-00:50:25

Ames:

Well, when you have inflammation, that's really bad for you, because you're
trying to kill invading bacteria, and to kill them, you're pouring out oxidants.
That's one of the defenses you use. And zinc is important as an antioxidant
defense. Anyway, it's all very complicated.

04-00:50:51

Burnett:

So I mean, this was known as folk wisdom forever, that injury, for example,
can weaken the body, and that there was a relationship between getting a
severe injury and then getting cancer afterwards. Chronic inflammation, these
kinds of things, that these are comorbid. So you get one of these things, and
it's more likely that you can end up getting cancer. And you and your
colleagues, and your students, and your postdocs are uncovering the
mechanisms.

04-00:51:36

Ames:

So being half a biochemist and half a geneticist, I was always interested in
mechanism. And when you have inflammation, that's a risk factor for cancer.
They were doing all these animal cancer tests at the maximum tolerated dose,
just under the level that would kill the animal, and feeding him every day of
their lifetime. And half the chemicals were coming out causing cancer. I said,
"Something's fishy. If half of all chemicals are carcinogens–"

04-00:52:12

Burnett:

We should all be dead. [laughter]

04-00:52:16

Ames:

And you want to make sure your defense systems are working.

04-00:52:24

Burnett:

So this work is being undertaken in the 1980s and into the 1990s. In the
1980s, couple of things. One is, you are department chair.

04-00:52:37

Ames:

Yeah, I avoided that at all costs.
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04-00:52:40

Burnett:

They finally got you, though. [laughter]

04-00:52:41

Ames:

I hate administration, because I'm not a very good administrator. And we'll
have a meeting, and I'll start thinking about my experiments. And anyway, I
didn't want to be chair, but our department had a rotating chairmanship, and it
was really my turn to do that. And I did it on the condition I have a vice chair,
who could handle a lot of the things.

04-00:53:08

Burnett:

Well, the life sciences at Berkeley undergo a tremendous transformation. They
were a bit behind institutionally, in terms of structure, than a lot of the other
top universities in the United States. You still had the old divisions of
paleontology, and botany, and zoology, and that kind of thing.

04-00:53:35

Ames:

Yes, Dan Koshland had a lot to do with reforming that.

04-00:53:39

Burnett:

So how did that affect your department, and were you involved in those
conversations at all?

04-00:53:49

Ames:

I tried to avoid university politics. And there were people who liked to do that,
and I didn't.

04-00:54:04

Burnett:

But molecular biology becomes the fulcrum for the life sciences in the new
integrative biology at University of California, Berkeley.

04-00:54:15

Ames:

I was a molecular biologist before the term was coined because I was always
interested in genetics. And you look at things slightly differently from an
evolutionary point of view.

04-00:54:32

Burnett:

Yes, well, the whole question of antioxidants and oxidants is a question of our
success as a species. We live past the age at which we reproduce, and so the
evolutionary advantage of our genetic code, and our phenotype, is undermined
the older we get. Right?

04-00:54:59

Ames:

Yes, except our brain is–you're protecting your brain also, because that's
useful.

04-00:55:09

Burnett:

So your training and your way of seeing things allowed you to understand not
just what's happening in the body, but what's happening to the body, and the
way in which society structures health advantages or disadvantages for
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people. And so that explains, I think, why you're thinking about society and
the body at the same time.
04-00:55:42

Ames:

I always had a practical interest. If you discover something, what are the
practical uses for that? So I told a story about hair dyes, I guess, and flame
retardants. That was a big battle. They were putting all these chlorinated and
brominated chemicals in kids' cotton pajamas, because it was too flammable,
and a couple of dozen kids die each year because the house goes up on fire
because the parents are smoking. But putting chlorinated and brominated
chemicals on the skin of 50 million children didn't seem like a very good idea
to me. And we bought our cotton pajamas in Europe when we went there. And
so I got interested in that enough to spend part of my time battling Consumer
Product Safety Commission, which is set up to increase the health of
consumers, which is a reasonable thing, but you don't want to go overboard.
And when we showed that there were mutagens in the urine of people wearing
these pajamas, and not my kids–who weren't wearing the treated pajamas–I
published all that, and finally won the battle.

04-00:57:16

Burnett:

Though you were still at it, even in the 1990s, talking about the misallocation
of resources, I suppose, in the fight to protect people from cancer. Well, let's
take a break and we'll come back in a few minutes.

04-00:57:34

Ames:

Okay.

[Break in audio]
04-00:57:37

Burnett:

So we're back. And we were talking about oxidants in the body–both ones that
are produced in the normal course of living your life, and in the course of
harmful toxins, which you ingest or inhale, or absorb through the skin. And
that's kind of how you got interested in it, was through your research in toxins.

04-00:58:05

Ames:

Yeah, I mean, when you think of smoking, you get black lungs. Each cigarette
has thousands of parts-per-million of nitrogen oxides, which are pretty nasty,
and plus a whole slew of toxic chemicals when you burn things. And it just
sounds from the start that it oughtn't to be very good for you.

04-00:58:34

Burnett:

And yet this is a choice that people are making, and it's a question of a choice
because people become addicted, so whether you're choosing or not kind of
goes out the window when you become addicted, and so this becomes a
serious public health problem.
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04-00:58:49

Ames:

But on the other hand, banning alcohol turned out to be a disaster in
Prohibition.

04-00:58:55

Burnett:

Right, because people will find their–well, I don't know. I mean, I think that
the approach of public health over the decades–you're not–I don't know if
you're a libertarian. You're not a pure libertarian.

04-00:59:15

Ames:

In good part, I don't know what I am.

04-00:59:17

Burnett:

You're interested by those ideas, but you're more inclined–

04-00:59:24

Ames:

To let people do what they want to do.

04-00:59:27

Burnett:

Right, but you believe in persuasion, because you're a persuasive person. And
so over time, public health can advance by laying out the facts about the
dangers.

04-00:59:42

Ames:

And get the science right. Then you can defend it. The trouble is, too many
people are out there, who just think industry's bad, and ready to believe
anything bad from industry. And I'm perfectly okay–if they're dumping their
garbage out into the local river, you stop them. You make a law, but you don't
want to go overboard on these things.

04-01:00:18

Burnett:

Right. So we were talking about oxidants and antioxidants, and the research
that went into that. Can you talk about some of the research that was
surprising, or really astonishing to you, that you didn't expect, that came out
of that? Maybe none of it was surprising. [laughter]

04-01:00:47

Ames:

Well, hair dyes was just some undergraduate biochemistry lab, and I had the
kids do our mutagenicity test for one experiment, and bring something in to
test. Well, one kid brought in his girlfriend's hair dye, which was a mutagen,
and so that prompted me to send my technician with $100 to buy $100 worth
of hair dyes, and we just went through them all. But the flame retardants–it
just didn't sit right with me. That seemed like a stupid idea. I mean, cotton
isn't so bad. I mean, there were some fabrics– spun rayon or something like
that–you brush it up against a cigarette, the thing would go up in flames.
That's kind of stupid, so you don't want those around.

04-01:01:51

Burnett:

Right. Well, talk to me a little bit about the research on aging.
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04-01:01:57

Ames:

On what?

04-01:01:57

Burnett:

On aging.

04-01:01:59

Ames:

Aging, ah. Well, I'm in my nineties, so– [laughter]

04-01:02:04

Burnett:

You have some firsthand experience.

04-01:02:05

Ames:

I'll be ninety-one in two weeks. Anyway, I got more and more interested in
aging as I got older, and I seem to be doing well, because a lot of my friends
are dead by now. And life expectancy is about eighty, and so I'm ahead of the
game, and I still have my dear wife, so that helps a lot. And Giovanna was
also a professor at Berkeley, and she's very smart and organized. And I'm
fairly disorganized and wander around a lot, so we sort of make a good pair.

04-01:02:50

Burnett:

You're a complementary unit.

04-01:02:55

Ames:

Yes, but there's so much luck in life.

04-01:02:58

Burnett:

Yes, that's very true. That's very true, but–we were talking about this off
camera, I think–there are choices that people make. And some choice is
limited, because of culture, and what you're exposed to, and that kind of thing,
but you never, ever smoked.

04-01:03:51

Ames:

No. It just didn't seem a sensible thing to do. There were already numbers
coming out that it's eight years off your life, or nine years, or whatever it is,
and that didn't seem a good thing to do.

04-01:03:37

Burnett:

Well, you could've been exposed as a young boy. You know, eighty years ago,
there was no concept of–doctors were promoting it as healthful.

04-01:03:48

Ames:

Neither of my parents smoked, and that helped.

04-01:03:51

Burnett:

Interesting. But alcohol–things like that–for health.

04-01:03:57

Ames:

I've always enjoyed a glass of wine.
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04-01:04:04

Burnett:

So the research on aging–a part of these papers–one of the things that's
happening is that people are understanding that aging past forty or fifty, for
the human being, is kind of an evolutionary fluke. We're not supposed to live
that long.

04-01:04:31

Ames:

Well, males still are fertile. The sperm is still active, even when you're old,
But women certainly–

04-01:04:40

Burnett:

Certainly there's a time limit on the reproducing age–but I think that, going
back to the papers that were coming out, very few organisms die of old age,
right? They're taken out, they're eaten, they're parasitized. [laughter] There are
all these different ways that people and other organisms go. So you're into this
territory, where you're trying to understand that aging is bad for your health,
right? And there are these graphs showing rat models and human models. But
again, getting back to choices, there are things that could be done to reduce
the oxidative stress.

04-01:05:35

Ames:

Well, I think fortification is a good idea. Now, that's coercive, but as long as
it's done right, then–

04-01:05:48

Burnett:

By "fortification," you mean impregnating foods that people buy with
vitamins, and water supply, things like that?

04-01:05:57

Ames:

Yes. They add Vitamin D to milk, because it's lipid-soluble. And I think that's
a good idea. Now, they're not adding enough. The paper I'm writing now is
about "latitude mismatch." Ultraviolet light will burn you. So if you put an
Irishman in Africa, they're burnt toast in ten minutes; and if you put an
African American in a northern latitude, they're really in trouble [from
vitamin deficiency]. And I'm trying to get all the African Americans to take a
Vitamin D pill, because Vitamin D is like a steroid hormone. It binds to a
protein, and you can look in the human genome, and there are thousands of
sites where Vitamin D and its receptor protein bind, and either turn the gene
on or turn the gene off! It's coded in that fifteen-base sequence, thousands of
them. And they've shown at least 5,000 are functional. Maybe all are
functional. So it's hugely important.
We wrote a couple of papers recently, showing that Vitamin D is controlling
serotonin, and it's controlling oxytocin, and so it's a very important hormone,
because it's controlling hormones and thousands of genes. I think now, we
should up the Vitamin D [recommended daily intake]. And it's not hard to
take, though you can take too much. But reasonable amounts aren't going to
hurt you. There's lots of studies on that. So I'm trying to get all the darkskinned folks in the country to take Vitamin D.
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04-01:09:13

Ames:

Ultraviolet light coming straight down is really strong in the Tropics, and you
have to have a dark skin, where in northern latitudes, you have to have a white
skin, because you need that ultraviolet light to convert 7-dehydrocholesterol to
Vitamin D. And people can understand that. It's nobody's fault. Well, slavery
was people's fault–bringing dark-skinned people to a northern latitude–but it's
a latitude mismatch. And there's a simple solution: a three-cent pill every
morning, or every week, or whatever you want to do.

04-01:09:52

Burnett:

Conversely, what about oxidative damage to fair-skinned people from the
sun? Of course, you protect yourself from the sun by using sunscreen. Are
there antioxidants that help with the oxidative damage from the sun?

04-01:10:09

Ames:

Rhonda Patrick showed that Vitamin D does control serotonin, which is a
really important hormone controlling autism, [schizophrenia] and bipolar
[disorder], and all these things. Rhonda Patrick was a wonderful postdoc in
my lab. She has a blog with 200,000 or so followers all around the world.
Have you ever listened to her?

04-01:10:33

Burnett:

I haven't, but I should.

04-01:10:35

Ames:

You should sometime, because she's really terrific. Anyway, she was a force
of nature. One of the people in my lab said, "You know, there's one thing
wrong about Rhonda: she doesn't have a pause button." She's just going 100
miles an hour through life.

04-01:10:52

Burnett:

So she's ideal for podcasting–

04-01:10:56

Ames:

Well, she just had a kid, so that's slowing her down a bit.

04-01:11:01

Burnett:

[laughter] Wonderful. So what you're working on in these papers in the
eighties, and into the nineties, is that you're beginning to understand more
about what people can do to combat the long-term effects of being alive,
basically.

04-01:11:24

Ames:

It's subtle. See, all the damage–if you're knocking out some enzymes that
protecting you against cancer, you're not going to find it out, because it'll
show up in fifty years. And it's accumulated DNA damage. Getting sunburnt
is an immediate effect. So people go out on the beach, they protect themselves
with some sunscreen or whatever, because they know that getting burnt isn't
useful.
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04-01:11:55

Burnett:

Right, but there might be–because of our busy lifestyles, we eat processed
foods, we eat lots of sugar, and we don't eat fruits and vegetables.

04-01:12:09

Ames:

Well, we do, because my wife gives me Italian-style food.

04-01:12:14

Burnett:

So are you a proponent of the Mediterranean diet, as an antioxidant diet?

04-01:12:21

Ames:

Well, it is a good diet. Right now, I'm collaborating with Walter Willett, who's
a professor at Harvard, who comes from five generations of Wisconsin dairy
farmers. And he gave a lecture recently, and he said, "The best thing to do
with a cow is to take it for a walk." So he wasn't strong on milk as a nutrient
source.

04-01:12:59

Burnett:

[laughter] That's interesting. So there is this interest in the biochemical
pathways in the body. You're always very concerned–

04-01:13:15

Ames:

Yeah, I'm interested in prevention. Chemotherapy, I don't know much about,
except it's pretty nasty. If you can prevent cancer, then you're ahead of the
game.

04-01:13:28

Burnett:

So this is chemoprevention?

04-01:13:31

Ames:

Well, it's, how do you get people to stop smoking? Vaping nicotine really
helps, because it may not be perfectly safe, but it's a lot safer than smoking. In
fact, Giovanni smoked a bit, and then he went to vaping. And then when all
these stories about vaping killed some people, he went back to smoking. And I
was trying to convince him that smoking is really bad for you. Anyway.

04-01:14:04

Burnett:

So you worked on a number of papers about the effects of oxidation on
different processes in the body. Can you talk about some of them, and some of
the work that you did?

04-01:14:21

Ames:

When you smoke, you are inhaling huge amounts of nitrogen oxide
molecules. They're dangerous, and they're oxidizing your protein, and your
DNA, and your lipids. So it's not a good thing, and you can see from first
principles that it is dangerous. And when they find thousands of sites in the
genome, you know it's controlling a lot of your genes, and so I feel everybody
ought to be up to snuff on Vitamin D.
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04-01:15:01

Burnett:

And so the question of teasing apart the regular, benign oxidations from the
introduced, unnecessary oxidations. Regular metabolism is oxidative, and
something–

04-01:15:20

Ames:

So that's a side product of living. And when you run a marathon, you're
adapting. The body adapts when it gets more oxidative damage, and turns on
your defenses. And so we're pretty adaptable on a lot of things.

04-01:15:52

Burnett:

I may have asked this last session. I'm still curious about this. There are all
kinds of mechanisms in the body that require stimulation, even if they're doing
some kind of repairing action. So, for example, the stem cells in your knee
joints–you need to stand, and walk, and run, because it stimulates the stem
cells to continue to produce that lining that keeps your bones from grinding
against each other.

04-01:16:29

Ames:

Yes, the body has innumerable protective systems that get induced when you
start damaging. And the skin is the same. You get tanned, and so–

04-01:16:45

Burnett:

And there is a benefit from Vitamin D. Vitamin D is produced–or it's
synthesized–in the body by–

04-01:16:56

Ames:

Ultraviolet light.

04-01:16:56

Burnett:

–ultraviolet light. And so we need some of these things because we've evolved
in a dangerous environment, and our mechanisms function in that dangerous
environment.

04-01:17:09

Ames:

Yes. I am proud of that paper on pesticides. Ninety-nine-point-nine percent
are all natural. When you think about it, every plant has to defend itself. It
can't run away. So the beetles are trying to eat it, and humans are eating it, and
what the plant does is make newer and better toxins. So every plant has fifty
or a hundred chemicals to kill you with, and that's why you just can't go out
and eat the shrubbery.

04-01:17:36

Burnett:

Right, and mushrooms and things like that can have all kinds of untoward
effects.

04-01:17:42

Ames:

So I guess I've more and more gotten into the prevention field. But I'm not so
good at selling my wares to newspapers, and all of that. You have to spend a
lot of time cultivating people. But if I do the good science, then it will
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eventually–some of my papers aren't cited very much in the beginning, and
then they go up as people–
04-01:18:15

Burnett:

Oh, they absolutely do. One of the striking papers you cowrote is kind of a
history of the theory of free radicals. I think I mentioned this already in this
session, that it had something close to 9,000 citations, which in your area is a
lot of citations.

04-01:18:41

Ames:

I figured how to find out whose side had won, because in my papers, I found
one where I looked at what papers are the most cited. And lots of them had
over 5,000.

04-01:19:09

Burnett:

So as a way of talking about this, can you talk about our changing
understanding of vitamins? Because vitamins were conceived as these
substances that your body needs to function, basically, from day to day. But
your concept of vitamins is different. It's more expansive.

04-01:19:36

Ames:

So I think it was 2006 when I wrote a paper saying that nobody is optimum on
all the forty substances–the thirty known, and then I suggested another
eleven–and that what the body does is it rations it in a sensible way. It puts it
into those enzymes that are essential for survival, and it starves the ones
protecting you against cancer and heart disease. And it makes perfect sense
when you think about it. So we all look okay, but some of us are going to die/
age faster.

04-01:20:14

Burnett:

And aging is—

04-01:20:16

Ames:

—these tradeoffs. So I think that's a big idea. And I had a paper in October, I
think I gave you, about prolonging healthy aging. And so I'm flogging that
idea, to mix a metaphor, or something.

04-01:20:41

Burnett:

So this idea of tradeoffs–that the body allocates resources, based on the
proximity of the emergency, right?

04-01:20:56

Ames:

Yes, it basically wants you to reproduce, and so it'll favor things that allow
you to survive at a price. You're trading long-term health for short-term
health. And biologists sort of know that–or should know that–and so you do
want to put things in balance.

04-01:21:23

Burnett:

So that concept–what did you call that?
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04-01:21:26

Ames:

Triage. It should've been "biage." But anyway, I guess in the First World War,
all these wounded soldiers–there weren't enough doctors, so the people who
were going to get better anyway, well, we don't bother with them. And the
people who were going to die anyway, we don't bother with them. And they
went to the people for whom they can make a difference. That's why it was
called "triage," and it makes perfect economic sense.

04-01:21:54

Burnett:

Again, the economic rationale. So the body is sorting. The body is engaged in
a sorting activity.

04-01:22:03

Ames:

Yes, it's trading long-term health for short-term health, so you reproduce.

04-01:22:10

Burnett:

So aging is a different concept for you, because aging has always been
understood as–

04-01:22:19

Ames:

Just everything's going downhill.

04-01:22:21

Burnett:

And it's natural, right? You should accept it. You have to accept aging.

04-01:22:26

Ames:

Yes, and I'm glad this rationing is going on, because everybody, at some
point, is eating a bad diet, and then they reform. But it costs them something.
So I think that's a really important idea.

04-01:22:43

Burnett:

What's coming through in your explanations is a concept of health as
vigilance, because the body can repair itself–and I think people rely on that,
because they say, "Well, I can cheat on this diet," or "I love to eat these kinds
of foods, and so I'll just have some of it."

04-01:23:16

Ames:

Yeah, but you're paying a price for it. That's the idea.

04-01:23:20

Burnett:

And it's not a price that's immediately evident.

04-01:23:29

Ames:

Right. So anyway, my somewhat longer life, at the moment, I think, is partly
because, right from the beginning, Giovanna was interested in giving me a
good Italian-style diet.

04-01:23:48

Burnett:

And so making sure you have a balanced diet–which is an emphasis that
everyone has–but because of our modern lifestyles, we don't observe it. I do
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want to talk about the transition from UC Berkeley to the Children's Hospital
of Oakland Research Institute.
04-01:24:22

Ames:

So partly, that was because as I was getting older–that was twenty years ago–
and as I was getting older, there are a lot of department committees you have
to be on, and I even had a go at being chairman. All these things detract from
your science, and I had a good-sized lab, and was getting wonderful people–
wonderful postdocs and graduate students. I was very happy with all the
people who came through my lab.

04-01:25:06

Burnett:

So you had had a good lab, and a good-sized lab, and all those people were
coming through, but you had been distracted by administrative
responsibilities.

04-01:25:20

Ames:

Yeah, and I really didn't like doing administration.

04-01:25:25

Burnett:

Well, when you had your lab, did you have administrative staff who would
handle the money side, and the payroll, and that kind of thing? I mean, there's
HR of course at Berkeley–

04-01:25:36

Ames:

I would rather put [energy] into science. The National Institute for
Environmental Health Sciences–NIEHS–I headed one center for them, and a
lot of money came in, so that was useful. We were known as this center that
did really first-rate science, but was pretty disorganized. So that was a
tradeoff.

04-01:26:14

Burnett:

Because it's still around at Berkeley, but it's more targeted. I can't remember
what its specific focus is, but those centers, they want them to focus on
something. Is that right?

04-01:26:25

Ames:

Yes, and I wasn't too happy with people telling me what to do, because I
always had four or five projects going in the lab, and then one I realized was
going to open up into something really important, I'd put more resources in
that. You're always doing these kinds of tradeoffs. And postdocs, I was getting
people who were really good, so they could handle going off and trying a new
area–something like that. I had these two wonderful Swiss guys. All Swiss are
marvelous, but I had these two sensational guys, Roland Stocker and Balz
Frei. They came at the same time, and Stocker was from a lower-class family,
and was very aggressive. He had been on the Swiss Olympic team for this or
that, and so he was really competitive, and just a wonderful scientist.
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And Balz comes from an upper-class family, and he'd give an hour lecture,
and everything was beautifully organized, and he'd finish thirty seconds
before his hour was up, or whatever. And he was much more urbane, and
good at dealing with people. He ended up running a fairly big institute in
Corvallis in Oregon. I have a number of students who went up there–Tory
Hagen, Emily Ho, and Balz. In fact, he's just retiring. We told him to meet us
at Oliveto for lunch one day. He was in town with his two big dogs, and he
said, "They're granddogs," because they're dogs that belong to his kids.
Anyway, we managed to talk the owner into letting us have the dogs under the
table, and they stayed there very quietly. The Swiss are very meticulous, and
those two were just great scientists.
04-01:28:52

Burnett:

So you had great talent coming through, and you didn't want to hamstring that
creativity and that talent.

04-01:29:00

Ames:

Yes, so if people came–"I'd like to work on this"–and I'd say, "Fine, go to it,"
if it seemed interesting to me. Did I tell the story of Rhonda?

04-01:29:12

Burnett:

You talked just a little bit about Rhonda, yeah.

04-01:29:17

Ames:

I forget what university she was–but anyway, her CV was sensational. She'd
written lots of papers. And she came out and she interviewed two people in
California, to see which lab she wanted to go to–one at Stanford and me. So
she went to the guy at Stanford first, and she already had a blog with 100,000
followers, or something like that, and the guy at Stanford–she started telling
him what she'd like to work on, and he said, "I'll tell you what to work on,"
and then he said, "and you're going to have to give up your blog. It's a
distraction." And she said, "Well, okay." And then she talked to me, and I said,
"Rhonda, what do you want to work on?" And she was interested in
prevention, and some of the same things I was. That's why she came to me.
And so I was happy to have her do what she wanted, because she was clearly
very good. And so she decided to work with me, luckily.

04-01:30:37

Burnett:

So that flexibility–that was part of your lab's ethos, and your ethos?

04-01:30:42

Ames:

Yes, I tried to treat people well. And the salaries are sort of fixed for NIH
postdocs, but it was a reasonable salary. You can live well on that.

04-01:30:56

Burnett:

Well, what made you leave Berkeley in 2000, then? Why did you leave
Berkeley?
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04-01:31:05

Ames:

Well, it helped to attract good postdocs, being at Berkeley, but you paid for it.
There were lots of committees you felt you had to be on, and running a
department that I didn't really want to do. And Children's Hospital is right
nearby, and a guy named Bert Lubin had built a very nice research institute
there, and when I went to look at the place, I was very impressed–good
people, and there would be a lot less administrative work. And so I just
decided to move. And also, when you're Emeritus and hanging on–I was in
my seventies, I guess–and people want to take some space away from you,
and they start hiring new young people–which they ought to be doing, but I
didn't want to cut back.

04-01:32:10

Burnett:

So the terms of the change were very good? At Children's Hospital, they gave
you the space, they gave you the freedom–

04-01:32:17

Ames:

Yes, and I also had made some money from Juvenon, so I gave them an $8
million donation to help them build out some space in this new building, and
so they knew they had a good thing. And I was probably the best-known
scientist at the place.

04-01:32:44

Burnett:

And you were attracting–did you bring people with you, who were already
working at Berkeley?

04-01:32:49

Ames:

I don't remember, but I probably did.

04-01:32:52

Burnett:

I think so, because–

04-01:32:54

Ames:

Mark Shigenaga came, and Joyce McCann. Anyway, it was a good move for
me, because I've done well at CHORI, and I didn't have any responsibilities,
and the place was well-run. It hasn't always been well-run. When Burt Rubin
became director of the whole children's hospital, the people who were in
charge weren't as good as he was. He was always thinking of good people,
and he didn't care whether they were MDs or PhDs. And there's a little
pressure to hire MDs, because it's a hospital. But I've been very happy there.

04-01:33:40

Burnett:

Yes. And you can get the equipment, and that kind of stuff. That's part of–

04-01:33:46

Ames:

Well, I brought some equipment that I'd gotten on grants, so I could outfit the
lab pretty well. And CHORI has lots of things that everybody uses, so there
are equipment rooms that have fancy equipment, and all of that. In fact, we set
up a mass spec [spectrometer] which costs a lot of money–half a million, or
something–and one of the guys in my lab was terrific at running things, and
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taking the machine apart, and putting it back together. Yeah, so I had more
space there, though in recent years, I've been cutting back and not taking as
many people.
04-01:34:30

Burnett:

And that's in 2001, that you make that transition. Is that right?

04-01:34:35

Ames:

Well, 2000, I think. I may be wrong.

04-01:34:41

Burnett:

But these are long periods of working within an institution, and–

04-01:34:47

Ames:

Berkeley, we came in '67, and I left in 2000. So that's quite a few years. And
then CHORI, that was twenty years.

04-01:34:57

Burnett:

Right, and NIH, fifteen years.

04-01:34:59

Ames:

Fifteen years. So each institution, I've stayed a long time. Caltech, I got my
PhD in three years, so I zipped in and out of there.

04-01:35:08

Burnett:

So you've been compensating ever since. [laughs] Well, why don't we pick up
next time, and talk about that period of your career in more detail, with some
of the people that you–

04-01:35:22

Ames:

The recent period.

04-01:35:24

Burnett:

The recent period, yeah, and the various intriguing projects that you were
undertaking with your colleagues.

04-01:35:32

Ames:

And in a way, the work was not just me, but it was this whole group of good
people. The trick is hiring really good people, and giving them freedom, and
treating them well. And I guess I always did that.

04-01:35:51

Burnett:

That's good advice.
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Interview 5: January 20, 2020
05-00:00:18

Burnett:

This is Paul Burnett interviewing Dr. Bruce Ames for the University History
Project, and this is January 20, 2020, and this is our fifth session, and we are
here in northern Berkeley, California, at the home of Bruce Ames. Welcome,
Bruce, to this fifth interview. And we're now in the CHORI days, the
Children's Hospital of Oakland Research Institute. That had been around for a
while as the Bruce Lyon Memorial Institute, and it was headed by someone
else. Was it Bert Lubin who was the director?

05-00:01:04

Ames:

Yes, Bert Lubin. The Children's Hospital in Oakland was the major children's
hospital in the Bay Area. Now they set up one in San Francisco, and they have
a connection between the two. They had a research institute called CHORI,
Children's Hospital of Oakland Research Institute. Half the people say "choree" and half say "kor-ee," but the people who live there say "kor-ee." Anyway,
I was at Berkeley since 1967, but in 2000, I decided to move to CHORI, and
the reason was, I was getting way past retirement age at Berkeley, and I
thought at some point they might throw me out, and I had limited space. So
that's about when I moved to CHORI, and I had a very big lab. My name was
recognized internationally, so I'd get all these letters from France, Germany,
and England, of bright people who wanted to do a postdoc with me. After you
get your PhD, people usually go out to another lab and spend a couple of years
doing postdoctoral work. So I was getting a flood of letters from people who
seemed really good. I don't take everybody who writes me, maybe one in three
or one in five, I don't know. In particular, the number of postdocs I could take
was limited by how much money I could raise, and it was expensive to pay a
postdoc's salary; more than a graduate student.

05-00:03:10

Burnett:

Well, about how many did you have at its biggest? How big was the Ames lab
at CHORI?

05-00:03:17

Ames:

Maybe 15 people. I always liked having undergraduates in the lab, so I had a
batch of undergraduates, maybe five or six, and then a few graduate students,
three or four, and then maybe seven or eight postdocs. So it got to be quite a
big lab, and the people were really good. I was an undergraduate advisor, and
I managed to get really terrific undergrads. Berkeley gets very bright students,
and the cream of that, they were super, self-motivated.

05-00:03:58

Burnett:

Were you able to get undergraduates from Berkeley when you were at
CHORI?

05-00:04:05

Ames:

It went down, but I still got a few.
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05-00:04:07

Burnett:

Great. Oh, wow.

05-00:04:10

Ames:

I had a connection with Berkeley, professor emeritus or something—

05-00:04:14

Burnett:

Right, "Professor in the Graduate School" or something.

05-00:04:15

Ames:

And they were on the list of people undergrads could work with, and my name
got into the newspapers a lot, so I think a number of them had heard of me or
had spoken to people in my lab. Anyway, I had wonderful undergraduates,
and wonderful postdocs, and wonderful grad students, so it wasn't just me. It
was the collectivity of all these people interacting, and you get a synergy
when you get a lot of bright people together.

05-00:04:47

Burnett:

So some of your long-term collaborators come with you to CHORI. Is that
right?

05-00:04:56

Ames:

Yes, I think Lois Gold came.

05-00:04:59

Burnett:

Lois Gold came. And Mark Shigenaga, he was there in the nineties at
Berkeley.

05-00:05:11

Ames:

Yes, he came. He was someone who came as a postdoc, a wonderful
experimentalist, but somewhat shy, and he didn't really like going out to start
his own lab, and try and raise money, as it was more uncertain. We kept him
going, because he was wonderful. He was a very bright guy and marvelous
experimentalist. He always thought of three controls nobody else thought of.

05-00:05:43

Burnett:

That's phenomenal.

05-00:05:44

Ames:

When he did an experiment, you knew it was true. He'd always repeat it and
get all these wonderful controls in. And then Joyce McCann, did she come
then? I don't remember. All this was a long time ago, and my memory in my
nineties isn't so great. I think she came later.

05-00:06:07

Burnett:

The papers I'm thinking of are in the 2000s.

05-00:06:11

Ames:

Did I talk about Lois Gold?
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05-00:06:14

Burnett:

Yes, you did. I think what I'm curious about is this orientation. We talked a
little bit about it last time, but you're thinking of the problem of human health,
in part, as an evolutionary problem. Could you talk a little bit about that with
respect to those studies?

05-00:06:43

Ames:

Most scientists work more and more on less and less. They get very involved
in some small area, and my talent always—because I read very widely—has
been to put pieces of the jigsaw puzzle that aren't obviously fitting together,
because I've read so much, and so I'm fairly interdisciplinary.

05-00:07:13

Burnett:

Right. I think you wrote a paper called "Time to Talk SENS," S-E-N-S, and
this is in the Proceedings of the New York Academy of Sciences in 2002.
Basically, you're saying, essentially, that living is bad for your health. In
effect, that there are three possibilities of intervention: the basic fact that
metabolism produces oxidants in the body.

05-00:07:48

Ames:

You need energy, which is the molecule ATP [adenosine triphosphate], so
you're making kilos of ATP in your body every day, and that runs your
muscles, and your brain, and all these things. In the mitochondria, which
create the energy, you're burning the sugar, and when you burn something,
you're oxidizing it and getting the energy out of it. The end part of that is,
you're adding four electrons to oxygen in this process, and if you only add one
electron, you get superoxide, and two electrons, you get hydrogen peroxide,
and so the byproducts of this process are all oxidants that are mutagens, and
radiation gives you all these oxidants. So living is mutagenic, but we have lots
of DNA. We have superoxide dismutase, and catalase, and enzymes that
destroy these oxidants, and we have antioxidants that come up, and enzymes
that destroy them, so you're quite well protected, but it's a balance between
oxidants. You run a marathon, you're oxidizing everything, but your enzymes
get induced if the body feels oxidation is overpowering the defenses.

05-00:09:34

Burnett:

Right.

05-00:09:36

Ames:

So it's complicated, and you can intervene in a lot of ways. You can give
antioxidants to people. If you're a smoker and you get Vitamin C, you don't
get as much cancer. And you can also intervene by stressing the organism a
bit, and you induce your antioxidants, and then you're protected a little more.
It's complicated, but you can intervene in lots of ways. I am a biochemist at
heart, so I like to get at mechanisms, and people knew all these things that
were going on, and maybe I fleshed it out a little bit in some cases.
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05-00:10:32

Burnett:

You describe the sequence of life in an organism in this "Time to talk SENS"
paper. There's metabolism, which, as you mentioned, is the mechanisms for
regular, everyday living, keeping your body alive, but that very process is an
oxidative process, which leads to damage, and ultimately, pathology, disease,
and you were saying we have been focused on the pathology side of things,
and not understanding this as a natural process of the body, that where you
can have the most success is to intervene at the damage stage, prevent that
damage from happening, or mitigate the damage, at least.

05-00:11:21

Ames:

I was always a mechanism guy, and that helped reveal some of the
establishing cause and effect, and also in ways to intervene in what you can
measure. We developed a lot of measurements, so if DNA gets damaged, you
can see that damaged base in the DNA. Isolate DNA from a rat or a person,
and see a methyl group sticking on the guanine, or whatever. And when you
damage a purine, the purine pops off the sugar, and so you get just a sugar
instead of the base there. It's called an apurinic site, AP site, and you can
measure those. The sugar has an aldehyde group sticking out, and you can put
a fluorescent dye on, or measure it in other ways, and so you can see how
much damage there is. That, we showed that it goes up with aging. Then DNA
repair enzymes, we have fifty enzymes cruising along your DNA looking for
trouble. So they see a bump that shouldn't be there, and they clip out one
strand, and it copies the other strand, and you've repaired it. So there are fifty
different DNA repair enzymes. Now, they all require magnesium, and roughly
80 percent of the population is deficient in magnesium. Magnesium is in the
center of the chlorophyll molecule, so any time you eat some greens, you're
getting some magnesium. That's the main source in your body. A lot of people
don't eat greens, and they're in trouble.

05-00:13:21

Burnett:

We should definitely talk about behavior as part of this system of health. You
talked about ways of measuring.

05-00:13:37

Ames:

We were good at that, and I always liked to develop new methods, because
that gives you a year ahead of the competition, and it opens up a field, so you
can measure things. So we developed measures for looking at oxidized DNA
bases in the DNA, and at AP sites in the DNA, and other measures that we
could look at that told us, ah, there's damage.

05-00:14:09

Burnett:

In that example, what equipment do you use? What's the process?

05-00:14:20

Ames:

Companies are always making new and interesting gadgets that help you do
all these things, so there are gadgets for gas chromatography, and HPLC,
high-pressure liquid chromatography, and mass specs [mass spectrometers].
Some of these machines are very expensive, like mass specs, but when you
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can afford them, you buy one, and certain assays use that, and other assays use
the HPLC. I had a lot of machines around the lab, and there was always
somebody who was an expert in the machines. I had one wonderful guy who
would take apart the mass spec when it wasn't working, and order a part, and
fix it all. He was a very valuable member of the lab. Maybe four or five
people were depending on the mass spec, and he was the postdoc who always
fixed it when it was broke.
05-00:15:25

Burnett:

Well, the mass spec will give you the chemical profile of a substance that
you're analyzing, and on the basis of that, you infer what kind of—

05-00:15:38

Ames:

Guanine is one of the bases that gets oxidized easily, and that's a damage to
the DNA that then turns into a mutation when the cell divides. I think we
measured that by high-pressure liquid chromatography, and then we identify
what changed by the mass spec. We became good at analytical things, because
we needed to.

05-00:16:19

Burnett:

You arrive at the beginning of the 2000s at CHORI.

05-00:16:28

Ames:

Yes, it was in 2000.

05-00:00:00

Burnett:

And you set up a lab. There's lab space there. It's a new building, isn't it, or a
new old building, a refurbished building?

05-00:16:39

Ames:

It was an old building, and they refurbished it all. It was part of CHORI, this
children's hospital, and it's only a fifteen-minute drive from my house, so it's
close, and they had a lot of really good scientists that helped me in my
decision to move, and then I didn't have to do any committees and all those
things you get saddled with at a university. I never particularly enjoyed that.

05-00:17:15

Burnett:

You arrived, and there are some people who came with you, and others who
come just to be there after your move.

05-00:17:28

Ames:

I think there was a little more cachet at the university. The University of
California is well known, and nobody had heard of CHORI, but I think I was
the attraction.

05-00:17:40

Burnett:

They were coming, clearly.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

144

05-00:17:42

Ames:

And the Bay Area was an attraction, so that I still managed to attract good
people. I worried a little bit about that. Would I get the quality of postdocs
that I was used to getting at the university? But I got lots of good people.

05-00:17:56

Burnett:

There is a concern with oxidation damage to DNA, and this kind of stuff.

05-00:18:05

Ames:

I had to measure it, and it went up with age, all these things.

05-00:18:09

Burnett:

That's what I wanted to ask you about next, is that this is a key period where
your group is doing a lot of experiments on modeling the effects of aging.
Now, how can you do that? How can you measure what aging does to the
body?

05-00:18:31

Ames:

You start off looking at an old rat and a young rat, or an old mouse and a
young mouse, and you could show that they get more AP sites in the DNA
and more oxidized guanines. We were looking in mitochondria. All the
metabolism for generating energy is in the mitochondria, the little organelles,
maybe five hundred per cell, and they're creating all the ATP you need for the
body. We became experts in mitochondria, and could develop new methods
for measuring things. Most people don't have the expertise in many of these
different areas, so I had an advantage there, because I had a large group of
postdocs, and somebody was an expert in mass spec, and somebody was an
expert in something else, and there was always synergy going on.

05-00:19:33

Burnett:

But it wasn't just looking at an old rat and roaming all over the rat body. You
had an idea of where the damage was.

05-00:19:45

Ames:

Once we showed it goes up in rats, then we showed it in people.

05-00:19:51

Burnett:

So this is certainly a rat model. Absolutely.

05-00:19:55

Ames:

Or mostly in mice. Mice are a little cheaper than rats.

05-00:20:00

Burnett:

So rats or mice, animal models are important, even though you've pointed out
earlier in your career that they were very expensive compared to, say, the
Ames test, which was a lot cheaper.

05-00:20:15

Ames:

If you're dealing with living organisms, you have to house them, and feed
them. I forget what a mouse costs, but it starts eating into your budget.
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05-00:20:29

Burnett:

Literally, in some ways, right? You did research. There were experiments on
cancer rates, because cancer rates go up as organisms age.

05-00:20:46

Ames:

People think all of the cancer is external, but if you plot cancer versus age in a
mouse, it just goes up like that with age, and on an ideal mouse diet. You're
not doing anything to the mice except keeping them happy.

05-00:21:08

Burnett:

This points to your evolutionary perspective, that cancer is a natural
phenomenon, and it's a product largely of metabolism, but there are other
things that can slow it down or speed it up.

05-00:21:23

Ames:

Yes. And once you understand mechanism, then that applies to humans. For
example, not only would you need mutation—DNA damage which leads to
mutation—but you need cell division to make a base change. Hormones are
known to cause cancer. Why would a hormone cause cancer? Somebody said,
"Oh, you showed that you need mutation, but how is a hormone mutating?" I
said, "It's not mutating. It's causing cell division, which is part of the whole
scheme." Once you think mechanistically, you can see the complexities and
where to intervene.

05-00:22:09

Burnett:

So Tory Hagen, and there's another figure who comes up in many papers, was
first author on several papers, Jiankang Liu.

05-00:22:22

Ames:

He was a Chinese postdoc, and he loved churning out papers. In fact, I had to
work on him to make sure that they weren't too sloppy. His ideal was getting
as many papers per year as he could, but I think I trained him a bit to be a little
more cautious and make sure everything's right before you turn out this paper.
But he was very productive.

05-00:22:57

Burnett:

He and Tory—

05-00:23:00

Ames:

Hagen, yeah.

05-00:23:01

Burnett:

—Hagen, in the early 2000s, they did some work on reversing mitochondrial
decay. Can you talk a little bit about, first of all, you identify that
mitochondrial decay occurs in rats as they age. What was the next step with
that?

05-00:23:26

Ames:

One, as mitochondria decays, that's where all the sensitive metabolism is
going on. You're adding electrons to oxygen and making these nasty oxidants,
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and generating energy. That's a critically important step, and you don't want
the byproducts coming out to overwhelm all your defenses. How do you keep
that to a minimum? We showed that mitochondria with age have much more
DNA damage. So mitochondria have their own ecosystem, sort of. There are
five hundred or so per cell, and when you have a bad one that's putting out too
many oxygen radicals, the cell gets rid of it, so you have a system for
monitoring mitochondria and taking out the bad ones, which is happening all
the time, so that tends to keep things in check. Nature is wonderfully complex.
Tory Hagen was a big addition to the lab, because he was really a critical
thinker. You couldn't get anything past him, so he and Jiankang Liu made a
terrific pair.
05-00:24:52

Burnett:

There's a lot of writing about mitochondrial decay. Is there a semantic
difference between decay and damage, because we talk about DNA damage?

05-00:25:09

Ames:

Well, we just use the word decay, because it was happening with age. There
were all sorts of things. Mitochondria started putting out more oxygen radicals
as they age, and there's more DNA damage, and a lot of things go wrong with
mitochondria due to all this oxidation.

05-00:25:32

Burnett:

The membrane, the—

05-00:25:33

Ames:

Membranes get oxidized. Tory Hagen had done his PhD thesis on
mitochondria, and he was super bright and very energetic, so he was just one
of these postdocs that you just can't get over how good they are. He and
Jiankang made a good pair, and he churned out a lot of papers when he was in
my lab.

05-00:26:00

Burnett:

So mitochondria are important not only because they are the energy source for
the cells, right, but they're also implicated in the chronic diseases that emerge
over time, right?

05-00:26:15

Ames:

Right.

05-00:26:16

Burnett:

How are mitochondria implicated in some of the diseases that we're all
familiar with?

05-00:26:23

Ames:

Well, mitochondria have their own DNA. In fact, my grandson has a
mitochondrial disease, because he has some inherited difference in the DNA
of his mitochondria. Mitochondria come from the female side. The sperm
doesn't contribute any mitochondria to the next generation.
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05-00:26:49

Burnett:

If you're not producing adenosine triphosphate, you are weakened, I suppose.
There's just less energy.

05-00:26:57

Ames:

Yes. You don't have the energy.

05-00:26:59

Burnett:

Right.

05-00:27:02

Ames:

The mitochondria decay with age, so when you get to be my age, you have
less stamina, and you just don't have the strength of a younger person.

05-00:27:16

Burnett:

Right. And I think some of the nature of the decay of mitochondria is
implicated in cognitive function. Is that right, or is that just generally true?

05-00:27:28

Ames:

Twenty percent of the oxygen you breathe in is used by the brain, so you're
thinking all the time, and that requires energy. So we became experts in
mitochondria, in these analytical methods, and a lot of this involves a lot of
theoretical work, because you think through, ah, it must be this, and then you
find it. You look for DNA damage, and we found it, or mitochondrial
turnover. People didn't know quite why the mitochondria were turning over.
You're making new mitochondria all the time. There are about a thousand—
let's see. I think more than 90 percent of the proteins in mitochondria are made
in the nucleus, and then the mitochondrial DNA makes 10 percent, or
something like that. That's complicated, too.

05-00:28:55

Burnett:

Well, we've talked about this before, but it's a refrain that will come up
repeatedly, and that is that you are always monitoring the science, thinking
about how we need to be careful in ascribing causation to particular facets, or
elements, or processes in the body. I think you cowrote something with Joyce
McCann about that. This is a little later, around 2010, I think, and it was about
the problems of causation. You're appealing to the scientific community, that
we need to be careful in thinking critically about the work that we do.

05-00:29:49

Ames:

Joyce was wonderful. She was a super bright lady, and very energetic, and she
wrote very well, so I was lucky to get people like Lois Gold and Joyce
McCann to my lab. A lot of having good science is picking the right people.
Somehow, I've had a knack for that. I try and treat everybody who works in
my lab really well, and that helps. Plus, they come into a group of ten or
fifteen people who are all really bright and friendly, and so I think people
enjoyed working in the lab, because there were so many good people around,
and they make friends, and, I mean, I had a few marriages come out of the lab.
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05-00:30:45

Burnett:

That's nice. I wanted to continue talking about aging. Something that I think
listeners will really appreciate is, some of the experiments on the reversing of
aging—

05-00:31:06

Ames:

Obviously, one always says, can you intervene in some way? Yeah. When I
learned that cigarette smoking is giving you huge amounts of nitrogen oxides,
which are powerful oxidants, how can we intervene? Vitamin C does it. It's an
antioxidant, and so if the smoker takes Vitamin C, there's less damage, and so
we had some papers on that. I'm always looking, is there some way we can
intervene to help?

05-00:31:49

Burnett:

Did you actually do trials with the Vitamin C, or was it modeled?

05-00:31:55

Ames:

I don't even remember anymore. We did show that it helped. I have done a
few clinical trials in my career, but that's dealing with people who are always
giving you trouble, and it's very expensive doing clinical trials, and you have
to have lots of people, so I tried to avoid those if possible.

05-00:32:21

Burnett:

You do a lot of in vitro stuff, right?

05-00:32:25

Ames:

Yes.

05-00:32:25

Burnett:

You'll grow some human cells in a dish.

05-00:32:31

Ames:

Oh, yeah. We grow cells in culture, and we do experiments on cells. It's a lot
cheaper than doing it on people. And humans, you can't take out a human
liver. You have to treat your subjects well. So usually, you can get a few cells
from blood, but that's about it.

05-00:32:56

Burnett:

And on the basis of that, you can infer things such as—

05-00:33:00

Ames:

Yes. In fact, once I had the idea to look in urine, because when enzymes repair
things, they take out that damaged base, and it goes into the urine. Maybe we
can see everything that damaged human DNA that way, by looking in urine,
and you can easily get urine from people. You don't get any arguments about
that. So we did that, and it worked.

05-00:33:30

Burnett:

This reversing of aging. In the late 1990s, Tory Hagen had done experiments
with acety-[L]-carnitine. What are some of the types of evidence for slowing
down the aging process that you were working with?
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05-00:33:57

Ames:

Hagen, as I say, he was really bright and energetic. He's a professor up in
Oregon now. He looked at all the things that went wrong, and can you
intervene? Lipoic acid is used in mitochondrial metabolism, and it's a good
antioxidant, and you can buy the stuff, so we started giving mice and people
lipoic acid, and it worked very well, and it corrected some of the things. Then
carnitine, which moves fatty acids around in the mitochondria—if you're
burning a fatty acid, you have to chop it down to make it acetic acid, which is
the smallest fatty acid, and that's attached to carnitine. So we, again, could buy
acetyl-carnitine, and that helped what lipoic acid didn't help, and the
combination solved a lot of the problems. That's all Hagen's work. It took
some years to figure out all these things.

05-00:35:15

Burnett:

I saw, at your symposium, there was a striking image of two rats, one that had
been fed this age-retarding combination.

05-00:35:32

Ames:

Yes, you look at an old rat, and a rat with acetyl-carnitine and lipoic, you can
see the difference. It just doesn't age as fast.

05-00:35:40

Burnett:

Yes, absolutely. It was quite striking. It's not the fountain of youth, but it's a
really interesting trajectory of experiments, and I think it's also connected to
your broader humanistic view of people living in the world, that getting
people to change diets is very difficult.

05-00:36:05

Ames:

Yes, it's hard to do that.

05-00:36:06

Burnett:

It's really hard to do that. And this holds out the promise of daily supplements
that might have a really significant impact on human health over the long
term.

05-00:36:18

Ames:

In fact, a friend talked me into founding a company that he ran for selling pills
of acetyl-carnitine and lipoic acid, and we did that. In fact, I take a pill every
morning. I won't say it had anything to do with my being 91 and still talking,
but anyway, I felt that getting it out to the public was useful, and I also made a
fair amount of money out of that.

05-00:36:55

Burnett:

And that happened in the late nineties, that you started on—

05-00:37:00

Ames:

Juvenon. I don't remember when we started it.
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05-00:37:04

Burnett:

I think there's a paper where you make an acknowledgement, because you
didn't want to be seen to be advocating on the part of this, and you created a
foundation in 1999.

05-00:37:17

Ames:

I put all the money that I got into a foundation.

05-00:37:22

Burnett:

Here's a paragraph at the end of "Optimal Micronutrients Delay Mitochondrial
Decay and Age-Associated Diseases," Bruce N. Ames, from 2010, in the
journal Mechanisms of Aging and Development. And at the end, it says,
"Conflict of interest." And it says, "Dr. Ames is one of the founders of
Juvenon, a company that has licensed the University of California patent on
acetyl-carnitine and lipoic acid for rejuvenating old mitochondria." And that's
Bruce Ames and Tory Hagen, inventors. So you patented—

05-00:37:58

Ames:

Yes, he got some of it, and I got some of it.

05-00:38:01

Burnett:

So you patented that at Berkeley?

05-00:38:04

Ames:

Yes.

05-00:38:04

Burnett:

Okay.

05-00:38:08

Ames:

I forget exactly when Tory Hagen came, but it must have been when I was at
Berkeley.

05-00:38:16

Burnett:

So, "Juvenon sells acetyl-carnitine and lipoic acid supplements and does
clinical trials on them. Ames's founder stock was put in a nonprofit foundation
at the founding in 1999. Ames is director of Juvenon's scientific advisory
board, but reimbursement for that from Juvenon is given to the foundation."
So you're separating out your—

05-00:38:37

Ames:

Yes. I didn't want to be seen as just doing this to make money.

05-00:38:41

Burnett:

Right. There are many things that you probably could have monetized for
decades.

05-00:38:48

Ames:

Oh yes, but I was more interested in my science, and Giovanna was a
professor, and we made two good salaries, and our kids had flown the coop
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and were making their own lives, so we didn't need much money. We had our
house.
05-00:39:07

Burnett:

Was it fun?

05-00:39:11

Ames:

Oh, yeah. I always liked the idea of business, and I didn't have any part in
running the business, though I did have a fight with the businessman at one
point. I won't go into that.

05-00:39:34

Burnett:

All right. Fair enough. But near the end of your career, you did what was
happening in a lot of the broader scientific community, which was the
patenting of processes, and Berkeley itself was just getting into that.

05-00:39:56

Ames:

Yeah, they were very anxious to have their scientists patent things. In fact, one
of Giovanna's former postdocs Carol Mimura was in charge of patenting.

05-00:40:11

Burnett:

And the company is still going?

05-00:40:15

Ames:

I think so. I haven't had anything to do with it for years.

05-00:40:19

Burnett:

You divested at some point and got out of that. This is part of the work, and I
imagine it adds another dimension to it.

05-00:40:34

Ames:

So if somebody thought enough of my scientific papers and wants to buy the
pills, they can get good quality material. China makes a lot of the pills for the
world, and you want to doublecheck everything, because some government
company buys it from smaller companies. The government companies, you
never can quite trust. The smaller companies have a reputation to care about,
but the government—anyway, you really want to doublecheck things that
come from China, but they have a lot of really good scientists, and they can
make good stuff. You check it and keep on checking each new batch.

05-00:41:16

Burnett:

So you were concerned about adulteration, possibly?

05-00:41:19

Ames:

Quality.

05-00:41:20

Burnett:

Quality.
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05-00:41:21

Ames:

Yes. I mean, if I'm selling pills and my name is attached in some way, I don't
want to poison anybody.

05-00:41:30

Burnett:

No, right, exactly. There were some cases of melamine getting into toothpaste
and things like that, so there were some scares. So there's a lot of excitement
around that and more studies around—just interesting, a wide-ranging
bibliography that you're involved in.

05-00:41:57

Ames:

Well, I had all these good people in the lab, and they were churning out a
couple of papers a year, and I had a big lab, and there were interactions, so it
was just very productive. We were working on lots of different things. One
guy might be working on an assay, and then it's applicable to somebody else's
work.

05-00:42:21

Burnett:

Just to give an idea of some of the range of things, this is going back a bit to
the mid-nineties or even earlier, to 1992. There was work on calorie restriction
and cancer rates. Do you want to talk about that with respect to what we have
been talking about, in terms of—

05-00:42:41

Ames:

I must say, I don't even remember the details, but calorie restriction—

05-00:42:45

Burnett:

Why would calorie restriction—

05-00:42:47

Ames:

That's been known in a lot of animals to lengthen lifespan.

05-00:42:56

Burnett:

Is that interesting? Is that more—

05-00:42:58

Ames:

It's interesting theoretically, and I had my go at looking at that. I can't say I
even remember the conclusions from that.

05-00:43:08

Burnett:

Is there a Bruce Ames playbook of health and long life? Definitely have the
right nutrients in your system.

05-00:43:19

Ames:

Yeah. In 2000, or maybe it was 2001, I got very interested in micronutrients,
vitamins and minerals, and getting the optimum set, and getting enough of
them and not too much. We showed that if you're short of a vitamin or
mineral, lots of them, you have DNA damage. We wrote a review about why
when you're short of your micronutrients—they're also called vitamins and
minerals—you can get DNA damage, which isn't a good thing, so you really
want to eat a good diet. A guy in Australia, [Michael] Fenech, and I were
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publishing papers about the same time on Vitamin deficiency causes DNA
damage. He's some guy from Malta who ended up in Australia, and I think we
only met once, but we were always exchanging these—we were both
competitors, and we'd get together on an occasional paper.
05-00:44:39

Burnett:

When was this, roughly?

05-00:44:41

Ames:

Probably in the early 2000s. I was still publishing something. I don't
remember the exact dates. Science is very competitive, but it's also collegial,
and I was happy to collaborate with people. So if you have somebody who is
publishing papers in the same area, I got together with Fenech, and we did a
review, or something like that. I don't remember the details. Science can be
fiercely competitive, and people hate their competitors, but that takes too
much time out of my life.

05-00:45:25

Burnett:

Right. Don't want to waste the energy.

05-00:45:27

Ames:

So I really didn't have anybody—

05-00:45:35

Burnett:

You didn't have intense enemies or rivals.

05-00:45:38

Ames:

Well, I had rivals, but I didn't have to worry about competition, because who
wants to compete with five thousand bright young people? I tended to open up
new areas, and then there wasn't much competition. We had a pretty powerful
lab after a while, so maybe people didn't want to tackle the same area. I like
opening new fields, because it removes all this competition.

05-00:46:07

Burnett:

You had a bit of a target on your back for a while, in the seventies and
eighties, with the Ames test. That was a battle that you were engaged in.

05-00:46:20

Ames:

Oh, yeah. I had to fight a few battles.

05-00:46:22

Burnett:

But this is different. You're exploring the various dimensions, so restricting
calorie intake can potentially prolong life, and I think there have been some
studies and advocates of a low-calorie diet as a way to increase life
expectancy.

05-00:46:44

Ames:

I think in the early 2000s, I was publishing papers about micronutrient
deficiency causing problems, and why, and I think Fenech—I forget who did
it. We both showed that folic acid deficiency broke your chromosomes, and it
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was just like radiation. I had a graph showing radiation and folic deficiency,
and Fenech had one about the same time. We remain friends.
05-00:47:23

Burnett:

Does that explain, in part, the enthusiasm for folic acid for women who are
pregnant and in general?

05-00:47:36

Ames:

Yes. Folic acid is one of the vitamins, and it's critical for making the DNA
bases. If you don't have enough folic acid, you change the ratio of the four
DNA bases, and that can cause damage to DNA. We showed the mechanism
in all of that.

05-00:48:05

Burnett:

Right. Now, in the history of vitamins, for the most part, vitamins are
understood to have a beneficial effect on the body because a complete absence
of that micronutrient leads to acute disease, like pellagra, or the diseases of
deficiency, right?

05-00:48:29

Ames:

Yes, that's right. These are subtle things that are accumulating over time, and
people don't recognize that, I mean, they don't feel damaged.

05-00:48:44

Burnett:

Right. Or they can't ascribe it to— This gets to your question of—

05-00:48:48

Ames:

—causation.

05-00:48:49

Burnett:

Causation. Exactly.

05-00:48:51

Ames:

But if you can show it in human cells in culture, and in mice, and I think we
showed it in humans, too, in some way, but I don't remember the details at all.

05-00:49:04

Burnett:

I wanted to ask, how do you tackle that as a scientist? How do you prove or
show an association between less-than-optimal nutrients in the body versus a
complete absence? How do you demonstrate that?

05-00:49:32

Ames:

One is to show that the ratio of bases, nucleotides, is different, or that it causes
trouble in mice. I don't remember all the ways we did it. And Fenech was
working in the same area. He was a cytogeneticist, that kind of a field, and for
some years, both he and I were showing that deficiencies causes trouble. He
was using cytogenetic tools showing chromosome breaks and things like that,
and I was using other tools, but we got along well.
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05-00:50:21

Burnett:

There's one paper that I was looking at, with Joyce McCann. This is jumping
ahead a bit, because it gets to something, perhaps, more fundamental. You
mentioned last day this triage theory.

05-00:50:45

Ames:

Oh, yeah. I think that came a little later, 2006 or something.

05-00:50:50

Burnett:

Two thousand six was the first paper with the actual name, "Triage Theory,"
in the title, yeah.

05-00:50:56

Ames:

There were two theoretical papers I did that I felt were really important. One
was in the early 2000s—I forget which year, 2001 or 2002—

05-00:51:09

Burnett:

Two thousand two, maybe.

05-00:51:10

Ames:

—about the Km. Km stands for Michaelis constant. He was some Austrian who
looked at binding constants, so when a protein is all folded up, it has a binding
spot for some molecule, and you can measure the affinity of the protein from
the binding spot. When you make a change in the protein, it changes shape a
little bit, and you can often affect the binding constant. So I wrote a paper that
binding constants change with age. As you make little mutations in the gene
for the protein [that functions as an enzyme], then it isn't quite the same
protein, and it doesn't bind the substrate or the vitamin quite as tightly, and
more might help, so that if you have inherited a mutation that makes the Km
[binding constants] a little worse than the average one, you can correct that by
giving more of the substrate, so more of the vitamin or more of some other
chemical that binds. A lot of genetic disease can actually be modified and
ameliorated by giving more of the substrates. It's a big idea, and I wrote a
paper about that. I think people have used it, but I'm not sure it got quite the
publicity it should have. If you have a genetic disease, and you can understand
the biochemistry, what substance that protein is binding, then there are ways
of reversing it, but we need more of it.

05-00:53:07

Burnett:

Or allowing you to live, in the case of phenylketonuria. That was in the early
sixties that was discovered, right? That's a [genetic disease affected by diet]
dietary thing. You have to avoid eating—

05-00:53:18

Ames:

Phenylalanine.

05-00:53:19

Burnett:

Yes, phenylalanine.
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05-00:53:20

Ames:

I came at it from a mechanism point of view, and the fact that it was changing
with age, and what does that do to you, and then the genetic aspects. In fact,
there were a few cases where people had shown in the literature that they had
inherited a slightly different gene, thus producing an altered protein from the
mutated gene, and that when you gave more of the vitamin that it used, it
worked better. That was a neat paper, I thought.

05-00:54:02

Burnett:

Yes, and there's one, because binding affinity is also in the case of enzymes,
right?

05-00:54:11

Ames:

Yes.

05-00:54:11

Burnett:

And that's the same principle?

05-00:54:14

Ames:

Yes. That was a theoretical paper that I was pretty proud of, because it just
came out of my head. And then the other one was this triage idea, that you
require all these vitamins and minerals, and people are deficient. A high
percent of the population might be deficient in one. What does nature do? And
what I said they ought to do is a rationing, and put it into those proteins that
are essential for survival, and starve the ones that are going to protect you
against cancer in fifteen years. So I wrote a theoretical paper about that, and
found a few examples in the literature where that was built into metabolism. I
called it triage. On the French battlefields in the First World War, there were
too many wounded compared to the number of doctors they had, so the
doctors divided the wounded up to those who were going to get better
anyway, and those who were going to die anyway, and those where they could
do something and make a difference, those were the ones they looked at. That
was called triage, dividing into three parts. So this was more of a "bi-age."

05-00:55:32

Burnett:

But it's your method, isn't it?

05-00:55:35

Ames:

Well, I was explaining that on a biochemical basis, applying that to
biochemistry. I found a few examples in the literature and just wrote this
theoretical review, and later, I had a few more papers expanding that.

05-00:55:50

Burnett:

The Km concept—and it's capital K for constant, right?

05-00:55:54

Ames:

Yeah. K was the symbol they used for the binding constant. I think it was a
German word. A guy named Michaelis, who was an Austrian, first looked at
how you measure these things, and the K was for constant, and it became
called the Michaelis constant, so it was abbreviated capital K, small m.
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05-00:56:28

Burnett:

And the m is in parentheses, I think, in the notation, just to note it. [It is
subscript and italicized in the literature, not in parentheses.] I think that's in
2003, "The Metabolic Tune Up: Metabolic Harmony and Disease Prevention,"
in the Journal of Nutrition.

05-00:56:44

Ames:

I don't remember which was the first of those papers.

05-00:56:50

Burnett:

So this is a follow-up paper, maybe.

05-00:56:52

Ames:

That may be, yeah.

05-00:56:52

Burnett:

Okay.

05-00:56:54

Ames:

I've had a few theoretical papers like that, and that always makes me feel
good, because it wasn't dependent on someone else.

05-00:57:04

Burnett:

I have more to ask you about this, but maybe we should take a little break and
come back.

05-00:57:14

Ames:

Okay.

[break in audio]
05-00:57:16

Ames:

I had a very large lab. I got a large number of letters from Europe of people
who wanted to come work with me. It probably helped that I was in sunny
California. And I didn't plot the dates of the letters to see if they came from
the winter in these northern European countries. Some of the postdocs even
had their own money. Their country was sending them, so that is a help on my
budget. Let's see. I had a couple of French guys, and maybe three Brits at
various times, and two wonderful Swiss. I decided all Swiss are marvelous,
because I had two fantastic Swiss guys in my lab.

05-00:58:21

Burnett:

I think you described them last session, right?

05-00:58:28

Ames:

And then, let's see. Who else? A few Chinese.

05-00:58:32

Burnett:

You mentioned Jiankang—

05-00:58:34

Ames:

Liu.
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05-00:58:34

Burnett:

Liu.

05-00:58:35

Ames:

And I had a few others. And Swiss. I think practically every European country
I've had a few people from. Some Italians. And then Canadians. I got a few
Canadians.

05-00:58:59

Burnett:

Well, so, yeah, there's an Ingersoll, there's a Lykkesfeldt, Wehr.

05-00:59:05

Ames:

Yeah, Lykkesfeldt was Danish. Some of the names are European names, but
many were Americans.

05-00:59:15

Burnett:

We were talking about the triage theory, where the body allocates resources
according to stress, right?

05-00:59:34

Ames:

Yes, it's pure economics. That's how an economist would think, and I like to
read economics, so I've read a lot of economics papers, and that's probably
why I thought of that idea.

05-00:59:50

Burnett:

So there's a rationing aspect to this.

05-00:59:52

Ames:

Yes, and it makes perfect sense. You're trading long-term health for shortterm health. The body wants to survive now so you can reproduce. That's what
nature really cares about. And you get a little cancer fifteen years down the
road? Well, that's the price you pay for surviving now.

05-01:00:16

Burnett:

There was a great paper I'd like to ask you about, and it's with Joyce McCann
in 2009 for the American Journal of Clinical Nutrition. The title is, "Is
Micronutrient Inadequacy Linked to Diseases of Aging?" It's about
experiments looking at vitamin K-dependent proteins.

05-01:00:46

Ames:

So I published that triage idea in 2006, and Joyce McCann came into my
office one day after she had read the paper, and said, "Bruce, you left out
something. We should look in the literature and see if it's built into
metabolism, by looking at the literature." And I said, "Terrific, Joyce. Why
don't you go do it?" And she took one mineral, selenium, and one vitamin,
vitamin K—vitamin K is involved in blood clotting—and she read all the
papers in each subject. She picked a vitamin and mineral that weren't too
popular, because she'd otherwise have to read a thousand papers, but she got
the whole literature under her belt in those two things, and then she showed
that triage was built into both of them.
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05-01:01:51

Burnett:

What do you mean, built into metabolism?

05-01:01:53

Ames:

Well, that you could tell that when you're short of vitamin K, it goes into
blood clotting, because if you had a wound, and the blood didn't stop, you'd
die. She showed that on shortage, blood clotting was not affected, but vitamin
K is involved in some long-term things, and those were, and it showed the
same thing with selenium, that there's rationing, and it goes into the important
functions that are essential for survival.

05-01:02:32

Burnett:

So this is a kind of evidence, right?

05-01:02:37

Ames:

Yes.

05-01:02:37

Burnett:

There's sixteen known vitamin K-dependent proteins, or VKD, and you
looked at the relative lethality of eleven.

05-01:02:53

Ames:

I think knock-out mice. Somebody figured out how to knock out any gene in a
mouse, and that's a good model for the importance. So you can say, ah, does
the mouse die right away, or does it show up in some repair system that's long
term? So Joyce figured out how to check the model and looked at that, and she
showed it was all built into the metabolism.

05-01:03:26

Burnett:

So five of the sixteen were lethal. If you knocked out any of those five
proteins—

05-01:03:33

Ames:

They mostly were blood-clotting proteins.

05-01:03:35

Burnett:

Right. So you'd bleed out, right?

05-01:03:37

Ames:

Yes. Blood clotting is clearly something you don't want to lose, because you'll
die.

05-01:03:43

Burnett:

But in the other eleven proteins, they found that there was damage later in life.
So this is an analog for your triage theory. It's a kind of confirmation.

05-01:03:57

Ames:

Well, that's why she did all that. My paper was all theoretical, and Joyce is
really tough. You need to prove the thing. It's not enough to just throw out that
idea. She was going to do it, and she did it.
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05-01:04:13

Burnett:

So this is part of the path that you're walking. You're marrying theory with
experiment.

05-01:04:23

Ames:

I love to have people like Joyce around, but she's really smart, and she was
very energetic, and she wanted every i dotted and t crossed. It wasn't enough
for me to postulate that idea, even though it sounded attractive. She wanted to
show that it was really built into metabolism.

05-01:04:46

Burnett:

You co-wrote a chapter for a text, and it's called "Evidence Required for
Causal Inferences About Effects of Micronutrient Deficiencies During
Development on Brain Health," and you looked at DHA, choline, iron, and
Vitamin D. You know, it's part philosophy of science, right? You're looking
at, how can you know what you know, and the problems of determining
causation.

05-01:05:17

Ames:

So Joyce was like that. She wanted everything neat and proved.

05-01:05:28

Burnett:

So what can be messy? What can go wrong when you're trying to determine
the link, let's say, between a Vitamin deficiency and the onset of disease?
What are some of the problems that can arise?

05-01:05:47

Ames:

Theoretically, you can figure out all sorts of things. Again, I don't remember
the details of any of that anymore. But she was a tiger on getting to the bottom
of things.

05-01:06:02

Burnett:

Right. I mean, you know the whole correlation and causation, association and
causation, those kinds of things.

05-01:06:09

Ames:

That's why this is not just me. It's having a lot of good people around. I know I
get overly enthusiastic about things, so I like people who say, "No, no. You've
gone off the deep end," and Joyce was good at that. She once called me Dr.
Hyperbole.

05-01:06:32

Burnett:

[laughter] That's great. Well, I wanted to pivot to something that is linked to
the Juvenon story a little bit, and that is, when we talk about vitamins, people
often assume that this is all known. You need your B vitamins, you need your
vitamin A, you need your vitamin E, and they help with various things, but
you are one of the proponents of the notion that there are micronutrients that
have not made it into the canon of accepted vitamins.
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05-01:07:17

Ames:

Yes. I wrote a paper in October 1918—1918? No, 2018. Wrong century. And
I just saw the movie 1917 about the First World War.

05-01:07:31

Burnett:

Right, so it was on your mind. So you wrote a paper on these other nutrients.
What's missing from our appreciation of the pantheon of vitamins? What are
other nutrients that we have not paid attention to?

05-01:07:52

Ames:

Well, one of them is taurine. Taurus is the bull, and taurine was isolated from
bull urine a long time ago, and then people found it's in everybody, and then
people found that it's required. It looks like a vitamin, it smells like a vitamin,
and it talks like a vitamin. So I said, "It is a vitamin," in this paper, and I
found a few other substances like that, that people had forgotten that they're
required. Somebody had shown it's required in a mouse, or whatever. And
there are more to be discovered. Anyway, I turned up eleven new ones that I
proposed are vitamins.

05-01:08:48

Burnett:

Is this bilirubin, or—

05-01:08:53

Ames:

These are compounds that people know are required in your metabolism, and
the body doesn't make them. I haven't followed up that paper to see whether
anybody has corroborated any of this, but presumably someone will work on
all these at some point.

05-01:09:12

Burnett:

And so tocopherols, like gamma-tocopherol. Is that one of the nutrients?

05-01:09:17

Ames:

Well, vitamin E has, I think, seven different forms of vitamin E you get from
your diet. Alpha-tocopherol is the most active, and so that's what you get in
the pills, and nobody had dug into things. But gamma-tocopherol is a
compound that is nucleophilic, which means that reactive compounds can
react with it. I wrote a paper saying, "Gamma-tocopherol can sop up
mutagens." Mutagens are mostly electrophiles, and this gamma-tocopherol
was a nucleophile that they'd bind to and detoxify. So I suggested, hey, it's
doing something different than alpha-tocopherol, which is a straight
antioxidant, and gamma-tocopherol is an antioxidant, but it's not as powerful
as alpha, but maybe we should take all the tocopherols. Maybe they're doing
something useful. Certainly gamma is. Anyway, that was just an idea that
came up.

05-01:10:39

Burnett:

But the idea behind Juvenon was really lipoic acid and acetyl-L-carnitine.
Those were the two—
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05-01:10:45

Ames:

Are complementary in helping mitochondria.

05-01:10:48

Burnett:

Okay. It's a very targeted nutrient that helps in diseases associated with aging.

05-01:10:55

Ames:

Yes.

05-01:10:59

Burnett:

So do people report increased vigor as a result of taking Juvenon, or is it more
subtle?

05-01:11:07

Ames:

Well, some people do. The company got lots of letters on, "It kept my hair
from going gray." I don't remember them all, but there were a whole long list
of things that individual people felt that it helped. And that's somewhat
anecdotal, so you can't prove it, but they were almost all positive. We didn't
get hardly any letters saying that it made them feel worse.

05-01:11:43

Ames:

So I insisted that the businessman keep all these letters and make a file of
them, because we learned something, and he did that.

05-01:11:55

Burnett:

Good,

05-01:12:00

Ames:

I have nothing to do with the company anymore.

05-01:12:02

Burnett:

You're out of that.

05-01:12:04

Ames:

Yes. But it did make me some money.

05-01:12:06

Burnett:

That's good. There was another project on a nutritional supplement that comes
out of your lab and is named after CHORI. Do you want to talk about that?

05-01:12:25

Ames:

Yes. I think that Joyce McCann was—at one point, I had the idea, she had the
idea, we both had the idea—I forget the origin—that it would be nice to make
a little candy-like bar, except not candy, a chocolate bar that people would
like eating that had all the vitamins, and the minerals, and things that were
good for you. Basically, it's like a vitamin pill, except it's in something that's
tasty. I put her in charge of that project, and we had a number of papers that
she did clinical trials and things like that, and it really helped. We had three or
four papers on that, that said it really did help people in various aspects.
Again, I don't remember the details.
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05-01:13:25

Burnett:

I think the first publication about it—because it wasn't called the CHORI-Bar
at that point. I think there was a publication about a nutritional food bar in
2012. It's already eight years that this has been going on.

05-01:13:48

Ames:

Eventually some company licensed it, and they sell the bar. But there are four
hundred bars in the supermarket, so it's hard to get people to buy this one
unless they're looking for it. The company introduced it, and I think they're
doing well. I haven't kept in touch with all that. That I turned over to Joyce to
worry about.

05-01:14:20

Burnett:

Well, you're clearly aware of the health industry. There are multiple industries
that are devoted to vitamins, and health bars, and nutritional supplements of
various kinds. What's your take on a lot of that?

05-01:14:41

Ames:

Well, I take vitamins. I think if you eat a perfect diet, you're going to be fine.
But one, we don't know what a perfect diet is to get the known thirty vitamins
and minerals plus the eleven new ones I introduced, and maybe still more, so
you want to eat a good balanced diet. People in nutrition hate the idea of pills.
The minute you say pills, they get up their back, but I don't see anything
wrong in taking a pill. They want people to change their diet, and it's
practically impossible to get anybody to change their diet. They're used to the
diet of childhood, and if you had an omelet every morning, that's what people
will eat the rest of their lives.

05-01:15:33

Burnett:

It's deeply ingrained in culture, isn't it? It's one of the hardest things. There is
some research published recently about the difficulty of changing one's diet,
eliminating sugar, for example.

05-01:15:52

Ames:

I like two tiny spoons of sugar in my espresso. I don't like taking sugar, but I
don't drink any sugary soft drinks or things like that, but I like these. Maybe
each one has a few hundred milligrams of sugar or half a gram, and it's not a
big deal, so I've convinced myself it's okay to make my espresso a little
sweeter.

05-01:16:28

Burnett:

I think we have an Aristotelian, everything-in-moderation kind of approach
here that is wise. So maybe part of this is that you have said, people, living
your life, metabolism is bad for your body, right? So just living in the natural
course of things is moving you inexorably towards the grave. Right?

05-01:16:55

Ames:

We all know that. We will all die at some point.
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05-01:16:58

Burnett:

Right. But you're interested in, what small changes can people make that
improve outcome, that will reduce morbidity, which is as big a challenge—
and mortality's not such a problem, right? We live fairly long. But [chronic]
morbidity can start really early in life!

05-01:17:20

Ames:

And that's a big bother if something doesn't work well.

05-01:17:27

Burnett:

Diabetes is a huge burden. You know? You have pointed to these acquired
diseases, diseases acquired though diet or behavior, such as smoking.

05-01:17:42

Ames:

Yes. Diet's hugely important. By the way, Oscar Wilde said, "Moderation in
all things, even moderation." That about sums it up.

05-01:17:54

Burnett:

I think so. Absolutely.

05-01:17:56

Ames:

And let's see. He had another witticism that coupled with that. "I think I can
resist anything except temptation."

05-01:18:19

Burnett:

"The only way to deal with temptation is to give in to it," or something like
that.

05-01:18:23

Ames:

He had lots of funny lines.

05-01:18:25

Burnett:

Right, absolutely. So you have continued at CHORI. You were publishing just
until recently you had a paper come out. I have not read it yet, but it's on
Vitamin D. So you continued that research on Vitamin D. Did you want to
talk about the more recent research?

05-01:18:53

Ames:

Well, that's my current enthusiasm. I'm working on a paper now with some
help from my wife. I really shouldn't be writing any more papers, so this will
probably be my last one. I can tell you about that first.

05-01:19:07

Burnett:

Okay.

05-01:19:08

Ames:

It's related. Vitamin D you don't get from food, you get from the sun, because
ultraviolet light can do one of two things. If you're in the tropics, it can disable
you by burning your skin. So you put an Irishman in Africa, they're burnt toast
in ten minutes. Anybody near the equator has to have dark skin, and that
melanin prevents you from getting disabled by sunburn. That's done by the
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ultraviolet light, and it comes straight down near the equator, so it's wicked.
But up north here, we get very little ultraviolet light. It comes at an angle. You
need ultraviolet light to make Vitamin D in the skin. It converts 7dehydrocholesterol, a cholesterol derivative in the skin, to Vitamin D.
Vitamin D is a hugely important hormone. Vitamin D binds to a protein, and it
recognizes a sequence of fifteen bases in the DNA. We know the human
genome, so you can look, how many estrogen sequences, and how many
testosterone sequences, and how many Vitamin D sequences? There are
thousands of them, and you only have twenty thousand genes, so it's
controlling thousands of your genes. One paper said ten thousand, which
seems a little much to me. I have to read it carefully and see, did he really
prove it? Another paper says a couple of thousand. But it's somewhere
between ten percent and fifty percent of all your genes are controlled. When
this Vitamin D and its protein land, built into that fifteen-base sequence is also
whether you turn the gene on or turn the gene off. So this is a major control
system in the body, and there's so many of them for Vitamin D, you don't
want to be Vitamin D deficient.
Almost all dark-skinned people in a northern latitude are Vitamin D-deficient,
because their skin is dark to prevent them from absorbing ultraviolet light in
the tropics, and ultraviolet light is what you need in the northern latitudes to
make Vitamin D. The paper I'm writing now is, why every dark-skinned
person in the United States, the blacks and the Hispanics, should pop a
Vitamin D every morning. It costs three cents, and it's cheap. I take a Vitamin
D pill every morning just as insurance.
05-01:22:03

Burnett:

The rates of deficiency worldwide for a lot of vitamins are surprising. A
quarter of the population can be zinc-deficient.

05-01:22:17

Ames:

Oh, yes. I think there's a huge effect on health on vitamin and mineral
deficiencies, and it's something we'll be able to measure and do something
about cheaply, because vitamins and minerals are dirt cheap. They're
controlling so many genes that you don't really want to be low on it. Vitamin
D is the first one we should tackle, because in India, you have a dark skin in
southern India, because it's near the equator, and the Dravidians, who settled
there, had very dark skin, and it slowly spread through a lot of India, but up
north, they have little ultraviolet light, and you don't want a dark skin, because
you're not getting enough ultraviolet light if you have a dark skin. They
should be popping Vitamin D pills. The paper I'm writing right now with
Giovanna's help is all about that, on how many different diseases are higher in
American blacks than American whites. There's really a fair amount of
evidence that it's due to Vitamin D deficiency, so I'm taking all these things
out of the literature and putting this whole idea together. The solution is a
Vitamin D pill if you have a dark skin and you're in a northern latitude.
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05-01:13:41

Burnett:

Right. Going back to the Joyce—

05-01:13:44

Ames:

[Joyce McCann wrote a paper on Vitamin D which got me interested in it.]
That's why Vitamin D is my current enthusiasm, because it's really important,
and it's cheap. I bought a bottle off the web of Vitamin D, five thousand IU,
which stands for international units, for a year, and each pill was three cents.
It's cheap. Now, some of these vitamins you can get too much of. If you take a
batch of them, you're probably getting too much. But if you get four or five
thousand IU per day, that will be fine.

05-01:24:34

Burnett:

Yes, it works particularly well if there's a non-dose-dependent toxicity.

05-01:24:46

Ames:

Vitamin D is toxic once you get much higher than that, and also it has to do
with body weight, because Vitamin D is very soluble in fat and not in water.
So if you have a lot of fat in you, it all goes into the fat, and it's not very
effective, so fat people have to take more. Anyway, all this is in various
papers. Rhonda Patrick—did I tell—

05-01:25:19

Burnett:

Yes.

05-01:25:20

Ames:

She was this wonderful postdoc in my lab. All these postdocs were wonderful,
but Rhonda, she was super bright and super energetic. One of the other
postdocs after Rhonda had been around a while, he said, "Rhonda's amazing,
but she's missing one thing: A pause button." And so anyway, she was
wonderful to have in the lab. Now she runs a blog with a few hundred
thousand listeners on aging and nutrition. She has the best science blog on the
web, I think.

05-01:25:59

Burnett:

That's wonderful.

05-01:26:00

Ames:

Anyway, I've had these marvelous postdocs and kept friends with lots of
them.

05-01:26:12

Burnett:

That's fantastic. When you're talking about the Vitamin D paper, you could—

05-01:26:23

Ames:

Rhonda wrote two papers in the lab on Vitamin D. There's a huge literature on
Vitamin D. I think about ten scientific papers come out every day on Vitamin
D, so it's one of the hottest areas, but that's because it's controlling thousands
of genes, and people have gotten interested. Anyway, she showed it controlled
serotonin, and serotonin is involved with bipolar [disorder] and schizophrenia,
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and good moods. You don't want to lower your serotonin, but you do if you're
low on Vitamin D, you get depressed. Vitamin D has been shown to be one of
the substances that reversed depression if you're deficient. So she had two
papers on that, that I thought were great.
05-01:27:21

Burnett:

I think one of the things I thought of was the Joyce McCann paper where she
warns about confounding variables.

05-01:27:32

Ames:

Yes.

05-01:27:32

Burnett:

I can imagine that in the case of Vitamin D in African Americans, there could
be multiple confounding variables, right?

05-01:27:40

Ames:

Oh, I'm sure there are, yes.

05-01:27:41

Burnett:

So their societal position, socioeconomic factors, diet, all of those things that
can play into differential rates.

05-01:27:56

Ames:

But this new paper I'm writing—and at 91, it's really hard writing scientific
papers. I forget things. But my wife has just turned 84, so she's pretty sharp.
Anyway, between the two of us, we have one functioning brain. [laughter] So
we're working on that paper, and that's probably going to be my last scientific
paper.

05-01:28:23

Burnett:

Is Giovanna helping with memory work and that kind of thing, to keep track
of your writing the paper? You're saying you're forgetting things.

05-01:28:32

Ames:

She has a much better short-term memory than I do, so if we both read a paper
a while back, she'll remember the details and I won't. She's a very smart lady.
She was also a professor at Berkeley. We make a good team.

05-01:28:54

Burnett:

Yeah, absolutely. One of the things we haven't talked about is your wideranging interests, intellectual curiosity, is a part of who you are as a scientist.
Are there other activities, travel, things that you did in your life that were
inspiring for you, that was part of the whole Bruce Ames package? Did you
travel a lot?

05-01:29:28

Ames:

Yes, I have. When I was young, I was never a straight A student, and
somehow, all my friends were A students. I was just always very distractible,
and I'd get interested in this or that. I'd read a Tolstoy, and I'd want to read all
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of Tolstoy, instead of studying for that exam or whatever. Anyway, that's my
excuse. But I just never got all A's. Subjects I was passionate about, I'd get A's
in, but otherwise, it was a pretty spotty record. So I was very surprised I got
accepted to a good graduate school, because my record wasn't so good. But I
was always very original, and I got a few letters of recommendation from
professors that must have stressed that.
Anyway, so I got accepted to Caltech, which is very selective, and it was
wonderful for me, because I could make up by my originality, which helped if
I didn't remember this or that.
05-01:30:46

Burnett:

Right, sure. Sure, certainly. And so did you travel to conferences, that kind of
thing?

05-01:30:56

Ames:

Well, my wife is from Italy, and she had come over to do a postdoc in the
States, and we got married, and so all her relatives were in Italy or in
Switzerland, so we went to Europe often. Every year, we'd spend three weeks
or a month in Europe.

05-01:31:17

Burnett:

Oh, okay. It was really connected to family.

05-01:31:21

Ames:

It was connected to her family, yeah.

05-01:31:22

Burnett:

Great.

05-01:31:23

Ames:

She had a couple of brothers in Switzerland. One was a physicist at the big
particle physics lab there, and the other was one of the chief engineers there at
CERN, the big particle physics place. And they lived in Switzerland. Her
father and mother were in Rome. I was getting pretty well known, and so I'd
get invited to give a talk in England, and usually I wouldn't travel for just one
talk, but if several people had asked me to give some French talk and some
British talk, then I'd combine them.

05-01:32:15

Burnett:

Right, and do a tour.

05-01:32:17

Ames:

Do a tour.

05-01:32:21

Burnett:

That's wonderful.
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05-01:32:22

Ames:

Yes, I was always getting letters, "Would you give us a lecture?" This lecture
or that lecture. So we went to Europe a lot, and Japan. Then when I had
sabbaticals, we went to Japan a couple of times, and to England, and France.
We spent some time in each country. Giovanna speaks French and Italian, so
that helped when we were in France.

05-01:32:57

Burnett:

And your children are grown, and you have grandchildren?

05-01:33:06

Ames:

Yes, I have two grandchildren. They both live in San Francisco.

05-01:33:10

Burnett:

Giovanni is one.

05-01:33:13

Ames:

A boy, and Dorothea is the other.

05-01:33:16

Burnett:

And Dorothea.

05-01:33:19

Ames:

Dora for short.

05-01:33:20

Burnett:

That's wonderful. I did want to ask, you've been really prolific. We were
talking about when you started under a head of steam, you were doing over
ten papers a year. Right?

05-01:33:42

Ames:

Yes.

05-01:33:43

Burnett:

And you have publications in the hundreds.

05-01:33:46

Ames:

I think I'm up to 560 or something like that. Each paper got a number in my
bibliography. So I've published a lot of work, and again, that's having so many
good people in the lab, and this interaction. I had a big lab for many years. In
the beginning, it was just me and maybe a technician at NIH, I was fairly
productive, and then when I moved to Berkeley in 1967, I'd get all these good
postdocs, and graduate students, and undergrads, so I started having a much
bigger lab.

05-01:34:29

Burnett:

And it becomes more—it's not administrative, because you don't like
administrative work—
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05-01:34:36

Ames:

Well, I let people do their thing. When an undergraduate came to the lab, I'd
have them interview all the graduate students and postdocs, and decide what
project they were interested in, and if the postdoc was willing to take them,
then they had a mentor right away, and I didn't get too involved.

05-01:35:00

Burnett:

But you would set it up.

05-01:35:01

Ames:

I'd set it up, and usually they were happy to have a graduate student, training a
graduate student or postdoc, and I oversaw it all, but not in the day-to-day,
sort of thing.

05-01:35:17

Burnett:

In terms of your work practice, what is your percentage of different activities?
Let's say in your Berkeley years, a workday would be what? It would range?

05-01:35:37

Ames:

To get money, you had to write grants, and the grants could take you three or
four months to write. It was a lot of work. And so certainly part of the time
was raising money, which scientists don't like very much, but you have to do
it. Then in later years, I'd set up a foundation from the money that came in
from Juvenon, and I used that for funding the lab.

05-01:36:24

Burnett:

So that funded some of the CHORI years.

05-01:36:27

Ames:

Yes.

05-01:36:27

Burnett:

And then as you said, postdocs would come with their own money, which was
good.

05-01:36:31

Ames:

And some postdocs. For the better people, a lot of countries would give them
money to spend a year abroad or two years abroad, and learn more, and then
come back.

05-01:36:47

Burnett:

So writing grants, connecting people on projects.

05-01:36:56

Ames:

And just talking to people and finding out what they were doing, and why, and
what the implications were. I always enjoyed talking to all the people. We had
a group meeting, and each person came up in sequence and told everybody
what they were doing, and why it was interesting, and we'd get a lot of good
feedback, so we always had that.
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05-01:37:24

Burnett:

That's what I was wondering. Was there a formal weekly forum, and people
would present, and they would say, "I have a problem I can't solve," and then
you'd ask, and people would offer suggestions to improve the experiment?

05-01:37:43

Ames:

Yes, it was called group meetings. The whole group would meet. I think it
was weekly. I don't remember what it was. There were a lot of people in the
lab, so we needed to do them often enough, so I think, as I remember, they
were every week. And I have books in the lab. Each person would hand out a
sheet with figures and other things to explain what they had done since their
last group meeting, and orient them to why it was interesting, or whatever, and
we have books with all those group meeting sheets. There was a pile of them
on the desk, and when someone was talking, you'd grab one, and so they didn't
have to show slides or anything. They'd just point to figure twenty-two, or
whatever it was. It also put a little pressure on everybody to have something to
talk about when their turn came up.

05-01:38:51

Burnett:

Accountability. It's a nice gentle mechanism.

05-01:38:55

Ames:

Yes. I didn't like telling people, "You're lazy," or you're whatever, but this
provided that, I think.

05-01:39:05

Burnett:

Some of these projects can last a long time.

05-01:39:11

Ames:

Oh, yes. The postdocs would stay a couple of years, and some just liked it at
Berkeley so much, and liked the place, they just stayed, and eventually, then
left the lab to get a professorship somewhere, but they had a big incentive to
turn out papers.

05-01:39:32

Burnett:

Right. That's the career-making moment. The dissertation, not as much
anymore, I think. I think the postdoc years, people spend more and more time
postdoc-ing, as the market is tight, and it's an opportunity to further define
yourself.

05-01:39:50

Ames:

Yeah. But I have professors who studied with me all over the country, yeah.

05-01:39:55

Burnett:

That must be rewarding, not just over the country, but in other parts of the
world.

05-01:39:58

Ames:

All over the world, and I've kept up with many of them.
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05-01:40:07

Burnett:

That's great. Can you talk about membership in organizations for the larger
discipline, National Academy of Sciences, that kind of thing?

05-01:40:21

Ames:

Yes, I was elected to the National Academy when I was still pretty young, and
that's nice, but it doesn't make my life that I got this award or that award.

05-01:40:40

Burnett:

It's the reward from the science itself.

05-01:40:42

Ames:

I've had a wonderful career, and that's made me happy. Now in old age, I'm
not doing any more science, except writing this one paper, which is taking a
little too long, but it's important. I can't drop it. I mean, if all the dark- skinned
people of the US should be popping Vitamin D pills, that's really important,
because it's involved with a whole flock of diseases, diabetes, and cancer, and
it's going to lower all those things, because I show that Vitamin D is involved
with all these diseases. You get more of them. So I think it's a big thing, and I
owe it to all these people to get this out there. It just takes a long time when
I'm old.

05-01:41:38

Burnett:

Well, I think it's important. If it provides you with that kind of clarity and
purpose, why stop?

05-01:41:47

Ames:

Yes.

05-01:41:48

Burnett:

I mean, you can stop for other reasons, but why stop being engaged, in other
words?

05-01:41:53

Ames:

So I'm still engaged, but when you're in your nineties, your memory is going,
and all sorts of things, so I'm just not effective at it, but luckily, my wife can
help on those things.

05-01:42:07

Burnett:

Well, it sounds like a wonderful capstone for your career. That's absolutely
wonderful. I want to thank you for taking the time to speak with us.

05-01:42:21

Ames:

Well, it's been a pleasure.

[End of Interview]

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

173

Appendix 1: Curriculum Vitae
Provided by Bruce N. Ames
CURRICULUM VITAE
Name:
Contact:
Date of Birth:
Place of Birth:
Marital Status:

BRUCE N. AMES
bames@chori.org, (510) 450-7625 office
16 December 1928
New York, New York
Married to Professor Giovanna Ferro-Luzzi Ames
Two children

Education:

Cornell University, B.A.
Chemistry Major, Biology Minor

1946-1950

California Institute of Technology, Ph.D.
Biochemistry Major with Prof. H. K. Mitchell;

1950-1953

Professional
Experience:

Professional
Societies:

Postdoctoral Fellow (U.S.P.H.S.), National Institutes of Health with
Dr. B. L. Horecker, Bethesda, Maryland

1953-1954

Biochemist, National Institutes of Health, Bethesda, Maryland

1954-1960

Sabbatical year as N.S.F. Senior Fellow in laboratories of F. H. C. Crick
in Cambridge, England, and F. Jacob in Paris, France
Section Chief, Laboratory of Molecular Biology, NIAMD, National
Institutes of Health, Bethesda, Maryland
Professor of Biochemistry and Molecular Biology, University of
California Berkeley, Berkeley California
(Department Chair of Biochemistry, University of California Berkeley,
Berkeley California)
Director, National Institute of Environmental Health Sciences Center,
University of California Berkeley, Berkeley California

1961

Emeritus Professor of the Graduate School, Molecular and Cell Biology,
University of California Berkeley, Berkeley California
Senior Scientist, Children's Hospital Oakland Research Institute, Oakland
California

2000-present

1962-1967
1968-2000
(1983-1989)
1979-2001

2000-present

American Academy of Arts and Science
American Aging Association
American Association for Cancer Research
American Chemical Society
American College of Toxicology
American Society of Biochemistry and Molecular Biology
American Society of Nutritional Sciences
Environmental Mutagen Society
Gerontological Society of America
Mitochondrial Medicine Society
Molecular Medicine Society
New York Academy of Science
Oxygen Society
Society for Free Radical Research
Society of Toxicology
1970

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

Honors:

American Academy of Arts and Sciences
National Academy of Sciences
Fellow of the Amer. Assoc. for the Adv. of Sci.
IBM-Princess Takamatsu Cancer Res Fund Lectureship (Japan)
Honorary Degree, Tufts University
Honorary Degree, University of Bologna
Elected Honorary Foreign Member, Japan Cancer Association
Elected Foreign Member, The Royal Swedish Acad. of Sci.
Elected Fellow, Academy of Toxicological Sciences
Elected Fellow, American Academy of Microbiology
Honorary Member, Japan Pharmaceutical Society

Awards:

Eli Lilly Award of the American Chemical Society
Arthur Flemming Award (Outstanding Young Gov't Employee)
Lewis Rosenstiel Award
FASEB/3M Award for Research in Life Sciences
E.R.D.A. Distinguished Associate Award
Environmental Mutagen Society Award
Cal. Tech. Distinguished Alumni Award
Simon Shubitz Cancer Prize
Felix Wankel Research Award
John Scott Medal
Bolton L. Corson Medal
New Brunswick Lectureship Award of A.S.M.
Wadsworth Award
Charles S. Mott Prize, GM Cancer Res. Foundation
Gairdner Foundation Award (Canada)
Tyler Prize for Environmental Achievement
Spencer Award (American Chemical Society)
Roger J. Williams Award in Preventive Nutrition
Gold Medal, American Institute of Chemists
Glenn Foundation Award, Gerontological Society of America
Röntgen Prize of the Accademia Nazionale dei Lincei (Italy)
Lovelace Award for Excellence in Environ. Health Research
Frontiers of Science Award, Society of Cosmetic Chemists
Messel Medal, British Society of Chemical Industry
Society of Toxicology Public Communications Award
Achievement in Excellence Award, Ctr for Excellence in Educ.
Honda Prize
Japan Prize
Kehoe Award, American College of Occup. and Environ. Med.
Medal of the City of Paris
U.S. National Medal of Science
Am. Society for Microbiology Lifetime Achievement Award
Linus Pauling Institute Prize for Health Research
Thomas Hunt Morgan Medal, Genetics Society Am

Service on Boards
and Committees:

American Society for Nutrition/CRN M.S. Rose Award
George C Marshall Award
Orthomolecular Medicine Hall of Fame
Program Committee of the Am. Soc. Biol. Chem.
Editorial Board, Archives of Biochem. and Biophys.
National Research Council (representative of Genetics Society)
Editorial Board, Journal of Biological Chemistry
Nominating Committee, Am. Soc. of Biol. Chem.
Governing Council, Environmental Mutagen Society

Copyright © 2021 by The Regents of the University of California

174

1972
1980
1984
1987
1989
1987
1989
1992
1992
1998
1964
1966
1976
1976
1976
1977
1977
1978
1978
1979
1980
1980
1981
1983
1983
1985
1986
1989
1991
1992
1993
1995
1995
1996
1996
1996
1996
1997
1997
1998
1998
2001
2001
2004
2008
2008
2010
2012

Oral History Center, The Bancroft Library, University of California, Berkeley
Advisory Committee, Earl Warren Legal Institute
Nominating Committee of the Genetics Society
Organizer, 1st Int'l Conf. on Environ. Mutagens, Asilomar, CA
Consultative Panel on Hazards of Chemical Pesticides,
National Research Council, Natl. Academy of Sciences
Subcluster on Environmental Health & Toxicology of President's
Biomedical Research Panel
National Cancer Advisory Board (Presidential Appointment)
Search Committee for Director of N.C.I.
Scientific Advisory Panel, California Safe Drinking Water
& Toxic Enforcement Act of 1986 (Prop. 65)
Member, Commission on Life Sciences, Natl. Res. Council
Board of Directors, American Aging Association
Member, Health Matters Advisory Committee
Member, International Review Committee, United Medical and
Dental School of Guy's and St. Thomas' Hospitals
Member, The Nutrition Committee, American Heart Assoc.
Appointed Member, President's Committee - National Medal of Science

Copyright © 2021 by The Regents of the University of California

175

Oral History Center, The Bancroft Library, University of California, Berkeley

176

Appendix 2: Bibliography
Provided by Bruce N. Ames
BRUCE N. AMES
PUBLICATIONS (1952 through 2015)
(papers ending in "a" are also from the Ames laboratory)
1952
1. Ames, B. N. and Mitchell, H. K. (1952) The Paper Chromatography of Imidazoles. J.
Amer. Chem. Soc. 74, 252-253.
2. Haas, F., Mitchell, M. B., Ames, B. N. and Mitchell, H. K. (1952) A Series of
Histidineless Mutants of Neurospora crassa. Genetics 37, 217-226.
1953
3. Ames, B. N., Mitchell, H. K. and Mitchell, M. B. (1953) Some New Naturally Occurring
Imidazoles Related to the Biosynthesis of Histidine. J. Amer. Chem. Soc. 75, 1015-1018.
1955
4. Ames, B. N. and Mitchell, H. K. (1955) The Biosynthesis of Histidine: Imidazoleglycerol
Phosphate, Imidazoleacetol Phosphate, and Histidinol Phosphate. J. Biol. Chem. 212,
687-696.
5. Ames, B. N. (1955) The Biosynthesis of Histidine. In: Amino Acid Metabolism, W. D.
McElroy and B. Glass, eds. (The Johns Hopkins Press, Baltimore, MD), pp. 357-372.
1956
6. Ames, B. N. and Horecker, B. L. (1956) The Biosynthesis of Histidine: Imidazoleacetol
Phosphate Transaminase. J. Biol. Chem. 220, 113-128.
1957
7. Ames, B. N. (1957) The Biosynthesis of Histidine; L-Histidinol Phosphate Phosphatase.
J. Biol. Chem. 226, 583-593.
8. Ames, B. N. (1957) The Biosynthesis of Histidine: D-erythro-Imidazole-Glycerol
Phosphate Dehydrase. J. Biol. Chem. 228, 131-143.
1958
9. Ames, B. N., Dubin, D. T. and Rosenthal, S. M. (1958) Presence of Polyamines in
Certain Bacterial Viruses. Science 127, 814-816.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

177

1959
10. Ames, B. N. and Garry, B. (1959) Coordinate Repression of the Synthesis of Four
Histidine Biosynthetic Enzymes by Histidine. Proc. Natl. Acad. Sci. USA 45, 1453-1461.
1960
11. Ames, B. N. and Dubin, D. T. (1960) The Role of Polyamines in the Neutralization of
Bacteriophage Deoxyribonucleic Acid. J. Biol. Chem. 235, 769-775.
12. Ames, B. N., Garry, B. and Herzenberg, L. A. (1960) The Genetic Control of the
Enzymes of Histidine Biosynthesis in Salmonella typhimurium. J. Gen. Microbiol. 22,
369-378.
1961
13. Martin, R. G. and Ames, B. N. (1961) A Method for Determining the Sedimentation
Behavior of Enzymes: Application to Protein Mixtures. J. Biol. Chem. 236, 1372-1379.
14. Ames, B. N., Martin, R. G. and Garry, B. J. (1961) The First Step of Histidine
Biosynthesis. J. Biol. Chem. 236, 2019-2026.
1962
15. Ames, B. N. and Hartman, P. E. (1962) Genes, Enzymes, and Control Mechanisms in
Histidine Biosynthesis. In: The Molecular Basis of Neoplasia (The University of Texas
Press, Austin, TX), pp. 322-345.
16. Martin, R. G. and Ames, B. N. (1962) The Effect of Polyamines and of Poly U Size on
Phenylalanine Incorporation. Proc. Natl. Acad. Sci. USA 48, 2171-2178.
1963
17. Ames, B. N., Hartman, P. E. and Jacob, F. (1963) Chromosomal Alterations Affecting the
Regulation of Histidine Biosynthetic Enzymes in Salmonella. J. Mol. Biol. 7, 23-42.
18. Ames, B. N. and Hartman, P. E. (1963) The Histidine Operon. Cold Spring Harbor
Symposia on Quantitative Biology 28, 349-356.
1964
19. Ames, B. N. and Martin, R. G. (1964) Biochemical Aspects of Genetics: The Operon.
Ann. Rev. Biochem. 33, 235-258.
20. Smith, D. W. E. and Ames, B. N. (1964) Intermediates in the Early Steps of Histidine
Biosynthesis. J. Biol. Chem. 239, 1848-1855.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

178

1965
21. Ames, G. F.-L. and Ames, B. N. (1965) The Multiplication of T4rII Phage in E. coli K12
(l) in the Presence of Polyamines. Biochem. Biophys. Res. Commun. 18, 639-647.
22. Smith, D. W. E. and Ames, B. N. (1965) Phosphoribosyladenosine Monophosphate, an
Intermediate in Histidine Biosynthesis. J. Biol. Chem. 240, 3056-3063.
23. Hilton, J. L., Kearney, P. C. and Ames, B. N. (1965) Mode of Action of the Herbicide, 3Amino-1,2,4-Triazole (Amitrole): Inhibition of an Enzyme of Histidine Biosynthesis.
Arch. Biochem. Biophys. 112, 544-547.
24. Ames, B. N. (1965) Histidine Biosynthesis: Intermediates, Enzymes, Genes, and Control.
[In Russian] Genetika (U.S.S.R.) 5, 3-10.
1966
25. Ames, B. N. (1966) Assay of Inorganic Phosphate, Total Phosphate and Phosphatases. In:
Methods in Enzymology, Vol. VIII: Complex Carbohydrates. E. Neufeld and V. Ginsburg,
eds. (Academic Press, New York, NY), pp. 115-118.
26. Shifrin, S., Ames, B. N. and Ames, G. F.-L. (1966) Effect of the -Hydrazino Analogue
of Histidine on Histidine Transport and Arginine Biosynthesis. J. Biol. Chem. 241, 34243429.
27. Roth, J. R. and Ames, B. N. (1966) Histidine Regulatory Mutants in Salmonella
typhimurium. II. Histidine Regulatory Mutants Having Altered Histidyl-tRNA
Synthetase. J. Mol. Biol. 22, 325-334.
28. Silbert, D. F., Fink, G. R. and Ames, B. N. (1966) Histidine Regulatory Mutants in
Salmonella typhimurium. III. A Class of Regulatory Mutants Deficient in tRNA for
Histidine. J. Mol. Biol. 22, 335-347.
29. Roth, J. R., Silbert, D. F., Fink, G. R., Voll, M. J., Anton, D., Hartman, P. E. and Ames,
B. N. (1966) Transfer RNA and the Control of the Histidine Operon. Cold Spring Harbor
Symposia on Quantitative Biology 31, 383-392.
30. Ames, B. N. and Whitfield, Jr., H. J. (1966) Frameshift Mutagenesis in Salmonella. Cold
Spring Harbor Symposia on Quantitative Biology 31, 221-225.
31. Whitfield, Jr., H. J., Martin, R. G. and Ames, B. N. (1966) Classification of
Aminotransferase (C Gene) Mutants in the Histidine Operon. J. Mol. Biol. 21, 335-355.
1967
32. Ames, B. N., Goldberger, R. F., Hartman, P. E., Martin, R. G. and Roth, J. R. (1967) The
Histidine Operon. In: BBA Library, Vol. 10: Regulation of Nucleic Acid and Protein

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

179

Biosynthesis, V. V. Koningsberger and L. Bosch, eds. (Elsevier, Amsterdam), pp. 272287.
33. Tomkins, G. M. and Ames, B. N. (1967) The Operon Concept in Bacteria and in Higher
Organisms. Natl. Cancer Inst. Monograph 27 (International Symposium on "Enzymatic
Aspects of Metabolic Regulations"), pp. 221-234.
34. Kredich, N. M. and Ames, B. N. (1967) An Inexpensive Luer-Fitting Chromatographic
Column. Anal. Biochem. 19, 190-192.
35. Fink, G. R., Klopotowski, T. and Ames, B. N. (1967) Histidine Regulatory Mutants in
Salmonella typhimurium. IV. A Positive Selection for Polar Histidine-Requiring Mutants
from Histidine Operator Constitutive Mutants. J. Mol. Biol. 30, 81-95.
1968
35a. Fink, G. R. and Roth, J. R. (1968) Histidine Regulatory Mutants in Salmonella
typhimurium. VI. Dominance Studies. J. Mol. Biol. 33, 547-557.
36. Berkowitz, D., Hushon, J. M., Whitfield, Jr., H. J., Roth, J. and Ames, B. N. (1968)
Procedure for Identifying Nonsense Mutations. J. Bacteriol. 96, 215-220.
1969
37. Gutnick, D., Calvo, J. M., Klopotowski, T. and Ames, B. N. (1969) Compounds Which
Serve as the Sole Source of Carbon or Nitrogen for Salmonella typhimurium LT-2. J.
Bacteriol. 100, 215-129.
1970
38. Brenner, M., De Lorenzo, F. and Ames, B. N. (1970) Energy Charge and Protein
Synthesis. Control of Aminoacyl Transfer Ribonucleic Acid Synthetases. J. Biol. Chem.
245, 450-452.
39. De Lorenzo, F. and Ames, B. N. (1970) Histidine Regulation in Salmonella typhimurium.
VII. Purification and General Properties of the Histidyl Transfer Ribonucleic Acid
Synthetase. J. Biol. Chem. 245, 1710-1716.
40. Singer, C. E. and Ames, B. N. (1970) Sunlight Ultraviolet and Bacterial DNA Base
Ratios. Science 170, 822-826.
41. Pollack, J. R., Ames, B. N. and Neilands, J. B. (1970) Iron Transport in Salmonella
typhimurium: Mutants Blocked in the Biosynthesis of Enterobactin. J. Bacteriol. 104,
635-639.
1971

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

180

42. Martin, R. G., Berberich, M. A., Ames, B. N., Davis, W. W., Goldberger, R. F. and
Yourno, J. D. (1971) Enzymes and Intermediates of Histidine Biosynthesis in Salmonella
typhimurium. In: Methods in Enzymology, Vol. 17B, H. Tabor and C. W. Tabor, eds.
(Academic Press, New York, NY), pp. 3-44.
43. Ames, B. N. (1971) The Detection of Chemical Mutagens with Enteric Bacteria. In:
Chemical Mutagens: Principles and Methods for Their Detection, Vol. 1, A. Hollaender,
ed. (Plenum Press, New York, NY), Ch. 9, pp. 267-282.
44. Chang, G. W., Straus, D. and Ames, B. N. (1971) Enriched Selection of Dominant
Mutations: Histidine Operator Mutations. J. Bacteriol. 107, 578-579.
45. Hong, J.S., Smith, G. R. and Ames, B. N. (1971) Adenosine-3':5'-Cyclic Monophosphate
Concentration in the Bacterial Host Regulates the Viral Decision Between Lysogeny and
Lysis. Proc. Natl. Acad. Sci. USA 68, 2258-2262.
46. Chang, G. W., Roth, J. R. and Ames, B. N. (1971) Histidine Regulation in Salmonella
typhimurium. VIII. Mutations of the hisT Gene. J. Bacteriol. 108, 410-414.
47. Guirard, B. M., Ames, B. N. and Snell, E. E. (1971) Salmonella typhimurium Mutants
with Alternate Requirements for Vitamin B6 or Isoleucine. J. Bacteriol. 108, 359-363.
48. Brenner, M. and Ames, B. N. (1971) The Histidine Operon and Its Regulation. In:
Metabolic Regulation, Vol. 5 of Metabolic Pathways, H. J. Vogel, ed. (Academic Press,
New York, NY), Ch. 11, pp. 349-387.
49. Hartman, P. E., Hartman, Z., Stahl, R. C. and Ames, B. N. (1971) Classification and
Mapping of Spontaneous and Induced Mutations in the Histidine Operon of Salmonella.
55. Adv. Genet. 16, 1-34.
50. Hong, J.-S. and Ames, B. N. (1971) Localized Mutagenesis of Any Specific Small
Region of the Bacterial Chromosome. Proc. Natl. Acad. Sci. USA 68, 3158-3162.
1972
51. Brenner, M. and Ames, B. N. (1972) Histidine Regulation in Salmonella typhimurium.
IX. Histidine Transfer Ribonucleic Acid of the Regulatory Mutants. J. Biol. Chem. 247,
1080-1088.
52. De Lorenzo, F., Straus, D. S. and Ames, B. N. (1972) Histidine Regulation in Salmonella
typhimurium. X. Kinetic Studies of Mutant Histidyl Transfer Ribonucleic Acid
Synthetases. J. Biol. Chem. 247, 2302-2307.
53. Lewis, J. A. and Ames, B. N. (1972) Histidine Regulation in Salmonella typhimurium.
XI. The Percentage of Transfer RNAHis Charged in vivo and Its Relation to the
Repression of the Histidine Operon. J. Mol. Biol. 66, 131-142.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

181

54. Singer, C. E., Smith, G. R., Cortese, R. and Ames, B. N. (1972) Mutant tRNA Ineffective
in Repression and Lacking Two Pseudouridine Modifications. Nat. New Biol. 238, 72-74.
54a. Singer, C. E. and Smith, G. R. (1972) Histidine Regulation in Salmonella typhimurium.
XIII. Nucleotide Sequence of Histidine Transfer Ribonucleic Acid. J. Biol. Chem. 247,
2989-3000.
55. Brenner, M., Lewis, J. A., Straus, D. S., De Lorenzo, F. and Ames, B. N. (1972) Histidine
Regulation in Salmonella typhimurium. XIV. Interaction of Histidyl Transfer Ribonucleic
Acid Synthetase with Histidine Transfer Ribonucleic Acid. J. Biol. Chem. 247, 43334339.
56. Ames, B. N. (1972) A Bacterial System for Detecting Mutagens and Carcinogens. In:
Mutagenic Effects of Environmental Contaminants, H. E. Sutton and M. I. Harris, eds.
(Academic Press, New York, NY), pp. 57-66.
57. Ames, B. N., Sims, P. and Grover, P. L. (1972) Epoxides of Carcinogenic Polycyclic
Hydrocarbons are Frameshift Mutagens. Science 176, 47-49.
58. Creech, H. J., Preston, R. K., Peck, R. M., O'Connell, A. P. and Ames, B. N. (1972)
Antitumor and Mutagenic Properties of a Variety of Heterocyclic Nitrogen and Sulfur
Mustards. J. Med. Chem. 15, 739-746.
59. Luckey, M., Pollack, J. R., Wayne, R., Ames, B. N. and Neilands, J. B. (1972) Iron
Uptake in Salmonella typhimurium: Utilization of Exogenous Siderochromes as Iron
Carriers. J. Bacteriol. 111, 731-738.
60. Ames, B. N., Gurney, E. G., Miller, J. A. and Bartsch, H. (1972) Carcinogens as
Frameshift Mutagens: Metabolites and Derivatives of 2-Acetylaminofluorene and Other
Aromatic Amine Carcinogens. Proc. Natl. Acad. Sci. USA 69, 3128-3132.
1973
61. Ames, B. N., Ames, G. F.-L., Young, J. D., Tsuchiya, D. and Lecocq, J. (1973) Illicit
Transport: The Oligopeptide Permease. Proc. Natl. Acad. Sci. USA 70, 456-458.
62. Ames, B. N., Lee, F. D. and Durston, W. E. (1973) An Improved Bacterial Test System
for the Detection and Classification of Mutagens and Carcinogens. Proc. Natl. Acad. Sci.
USA 70, 782-786.
63. Ames, B. N. (1973) The Glutamine (or Ammonium) Requirement for Histidine
Biosynthesis. In: The Enzymes of Glutamine Metabolism, S. Prusiner and E. R. Stadtman,
eds. (Academic Press, New York, NY), pp. 569-571.
64. Straus, D. S. and Ames, B. N. (1973) Histidyl-tRNA Synthetase Mutants Requiring a
High Internal Pool of Histidine for Growth. J. Bacteriol. 115, 188-197.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

182

65. Ames, B. N., Durston, W. E., Yamasaki, E. and Lee, F. D. (1973) Carcinogens are
Mutagens: A Simple Test System Combining Liver Homogenates for Activation and
Bacteria for Detection. Proc. Natl. Acad. Sci. USA 70, 2281-2285.
66. Ames, B. N. (1973) Carcinogens are Mutagens: Their Detection and Classification.
Environ. Health Perspect. 6, 115-118.
1974
67. Cortese, R., Kammen, H. O., Spengler, S. J. and Ames, B. N. (1974) Biosynthesis of
Pseudouridine in tRNA. J. Biol. Chem. 249, S 1103-1108.
67a. Straus, D. S. and Wyche, J. H. (1974) Histidine Regulation in Salmonella typhimurium.
XV. Procedure for the Selection of Mutants Unable to Derepress the Histidine Operon. J.
Bacteriol. 117, 116-125.
68. Durston, W. E. and Ames, B. N. (1974) A Simple Method for the Detection of Mutagens
in Urine: Studies with the Carcinogen 2-Acetylaminofluorene. Proc. Natl. Acad. Sci. USA
71, 737-741.
69. Cortese, R., Landsberg, R., Vonder Haar, R. A., Umbarger, H. E. and Ames, B. N. (1974)
Pleiotropy of hisT Mutants Blocked in Pseudouridine Synthesis in tRNA: Leucine and
Isoleucine-Valine Operons. Proc. Natl. Acad. Sci. USA 71, 1857-1861.
69a. Ely, B., Weppelman, R. M., Massey, H. C., Jr., and Hartman, P. E. (1974) Some
Improved Methods in P22 Transduction. Genetics 76, 625-631.
70. Kier, L. D., Yamasaki, E. and Ames, B. N. (1974) Detection of Mutagenic Activity in
Cigarette Smoke Condensates. Proc. Natl. Acad. Sci. USA 71, 4159-4163.
70a. Smith, G. R. and Tong, B. (1974) Construction of *F80 dhis Carrying Salmonella
typhimurium Histidine Operon Mutations. J. Bacteriol. 120, 1223-1226.
71. Ames, B. N. and Hartman, P. E. (1974) The Histidine Operon of Salmonella
typhimurium. In: Handbook of Genetics, Vol. 1, R. C. King, ed. (Plenum Press, New
York, NY), pp. 223-235.
72. Ames, B. N. (1974) A Combined Bacterial and Liver Test System for Detection and
Classification of Carcinogens as Mutagens. Genetics 78, 91-95.
72a. Ely, B. and Ciesla, Z. (1974) Internal Promoter P2 of the Histidine Operon of Salmonella
typhimurium. J. Bacteriol. 120, 984-986.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

183

1975
73. Alper, M. D. and Ames, B. N. (1975) Positive Selection of Mutants with Deletions of the
gal-chl Region of the Salmonella Chromosome as a Screening Procedure for Mutagens
that Cause Deletions. J. Bacteriol. 121, 259-266.
74. Ciesla, Z., Salvatore, F., Broach, J. R., Artz, S. W. and Ames, B. N. (1975) Histidine
Regulation in S. typhimurium. XVI. A Sensitive Radiochemical Assay for Histidinol
Dehydrogenase. Anal. Biochem. 63, 44-55.
75. McCann, J., Spingarn, N. E., Kobori, J. and Ames, B. N. (1975) Detection of
Carcinogens as Mutagens: Bacterial Tester Strains with R Factor Plasmids. Proc. Natl.
Acad. Sci. USA 72, 979-983.
76. Ames, B. N., Kammen, H. O. and Yamasaki, E. (1975) Hair Dyes are Mutagenic:
Identification of a Variety of Mutagenic Ingredients. Proc. Natl. Acad. Sci. USA 72,
2423-2427.
77. Alper, M. D. and Ames, B. N. (1975) Cyclic 3',5'-Adenosine Monophosphate
Phosphodiesterase Mutants of Salmonella typhimurium. J. Bacteriol. 122, 1081-1090.
78. McCann, J., Simmon, V., Streitwieser, D. and Ames, B. N. (1975) Mutagenicity of
Chloroacetaldehyde, a Possible Metabolic Product of 1,2-Dichloroethane (Ethylene
Dichloride), Chloroethanol (Ethylene Chlorohydrin), Vinyl Chloride, and
Cyclophosphamide. Proc. Natl. Acad. Sci. USA 72, 3190-3193.
78a. Artz, S. W. and Broach, J. R. (1975) Histidine Regulation in Salmonella typhimurium:
An Activator-Attenuator Model of Gene Regulation. Proc. Natl. Acad. Sci. USA 72,
3453-3457.
79. Stephens, J. C., Artz, S. W. and Ames, B. N. (1975) Guanosine 5'-diphosphate 3'diphosphate (ppGpp): A Positive Effector for Histidine Operon Transcription and a
General Signal for Amino Acid Deficiency. Proc. Natl. Acad. Sci. USA 72, 4389-4393.
80. Ames, B. N., McCann, J. and Yamasaki, E. (1975) Methods for Detecting Carcinogens
and Mutagens with the Salmonella/Mammalian-Microsome Mutagenicity Test. Mutat.
Res. 31, 347-364.
81. McCann, J., Choi, E., Yamasaki, E. and Ames, B. N. (1975) Detection of Carcinogens as
Mutagens in the Salmonella/Microsome Test: Assay of 300 Chemicals. Proc. Natl. Acad.
Sci. USA 72, 5135-5139.
81a. Scott, J. F., Roth, J. R. and Artz, S. W. (1975) Regulation of the Histidine Operon Does
Not Require hisG Enzyme. Proc. Natl. Acad. Sci. USA 72, 5021-5025.
82. Meselson, M. S., Ames, B. N., Dolinger, P. M., Freed, V. H., Kolojeski, J., Metcalf, R.
L., Schneiderman, M. A., Weisburger, E. K., Wurster, C. F. and Hansberry, R. (1975)

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

184

Health Hazards of Chemical Pesticides. In: Contemporary Pest Control Practices and
Prospects: The Report of the Executive Committee, D. Kennedy, Chairman (National
Academy of Sciences, Washington, D.C.), Vol. I, pp. 54-86, 97-101.
83. Ames, B. N., McCann, J. and Yamasaki, E. (1975) Carcinogens are Mutagens: A Simple
Test System. Mutat. Res. 33, 27-28.
84. McCann, J. and Ames, B. N. (1975) The Detection of Mutagenic Metabolites of
Carcinogens in Urine with the Salmonella/Microsome Test. In: Occupational Monitoring
for Genetic Hazards, Vol. 269, M. S. Legator and A. Hollaender, eds. (New York
Academy of Sciences, New York, NY), pp. 21-25.
1976
85. McCann, J. and Ames, B. N. (1976) A Simple Method for Detecting Environmental
Carcinogens as Mutagens. Ann. N.Y. Acad. Sci. 271, 5-13.
86. Ames, B. N. (1976) Carcinogenicity Tests. Science 191, 241-245.
87. McCann, J. and Ames, B. N. (1976) The Detection of Carcinogens as Mutagens in the
Salmonella/Microsome Test: Assay of 300 Chemicals: Discussion. Proc. Natl. Acad. Sci.
USA 73, 950-954.
88. Ames, B. N. and McCann, J. (1976) Carcinogens are Mutagens: A Simple Test System.
In: Screening Tests in Chemical Carcinogenesis, Vol. 12, R. Montesano, H. Bartsch and
L. Tomatis, eds. (International Agency for Research on Cancer, Lyon, France), pp. 493504.
88a. Broach, J., Neumann, C. and Kustu, S. (1976) Mutant Strains (nit) of Salmonella
typhimurium with a Pleiotropic Defect in Nitrogen Metabolism. J. Bacteriol. 128, 86-98.
89. Ames, B. N., McCann, J. and Sawyer, C. (1976) Mutagens and Carcinogens. Science
194, 132-133.
90. Ames, B. N. (1976) The Detection of Carcinogens as Mutagens: The
Salmonella/microsome Test. In: In Vitro Metabolic Activation in Mutagenesis Testing, J.
F. de Serres, J. R. Fouts, J. R. Bend and R. M. Philpot, eds. (Elsevier/North Holland
Biomedical Press, Amsterdam), pp. 57-62.
90a. McCann, J. (1976) Mutagenesis, Carcinogenesis and the Salmonella Test. Chem. Tech. 6,
682-687.
1977
91. Blum, A. and Ames, B. N. (1977) Flame-Retardant Additives as Possible Cancer
Hazards: The Main Flame Retardant in Children's Pajamas is a Mutagen and Should Not
Be Used. Science 195, 17-23.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

185

92. McCann, J. and Ames, B. N. (1977) The Salmonella/Microsome Mutagenicity Test:
Predictive Value for Animal Carcinogenicity. In: Origins of Human Cancer, H. H. Hiatt,
J. D. Watson and J. A. Winsten, eds. (Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY), pp. 1431-1450.
93. Kier, L. D., Weppelman, R. and Ames, B. N. (1977) Resolution and Purification of Three
Periplasmic Phosphatases of Salmonella typhimurium. J. Bacteriol. 130, 399-410.
94. Weppelman, R., Kier, L. D. and Ames, B. N. (1977) Properties of Two Phosphatases and
a Cyclic Phosphodiesterase of Salmonella typhimurium. J. Bacteriol. 130, 411-419.
95. Kier, L. D., Weppelman, R. and Ames, B. N. (1977) Regulation of Two Phosphatases
and a Cyclic Phosphodiesterase of Salmonella typhimurium. J. Bacteriol. 130, 420-428.
95a. Walker, G. C. (1977) Plasmid (pKM101)-Mediated Enhancement of Repair and
Mutagenesis: Dependence on Chromosomal Genes in Escherichia coli K-12. 112. Mol.
Gen. Genet. 152, 93-103.
96. Hooper, N. K. and Ames, B. N. (1977) Letter and Postscript to Chairman John Byington,
U.S. Consumer Product Safety Commission, Washington, D.C. In: Hearings Before the
House Committee on Oversight (U.S. Government Printing Office, Washington, D.C.),
Serial No. 95-33, pp. 42-55.
97. Yamasaki, E. and Ames, B. N. (1977) The Concentration of Mutagens from Urine by
Absorption with the Nonpolar Resin XAD-2: Cigarette Smokers have Mutagenic Urine.
Proc. Natl. Acad. Sci. USA 74, 3555-3559.
98. Benedict, W. F., Baker, M. S., Haroun, L., Choi, E. and Ames, B. N. (1977) Mutagenicity
of Cancer Chemotherapeutic Agents in the Salmonella/Microsome Test. Cancer Res. 37,
2209-2213.
98a. Lackey, D., Walker, G. C., Keng, T. and Linn, S. (1977) Characterization of an
Endonuclease Associated with the Drug Resistance Plasmid pKM101. J. Bacteriol. 131,
583-588.
99. Ames, B. N. (1977) Gordon M. Tomkins (1926-1975). In: Biochemical Actions of
Hormones, Vol. IV, G. Litwack, ed. (Academic Press, New York, NY), pp. xvii-xxxvi.
99a. McCann, J. (1977) Short-Term Tests. In: Cancer Testing Technology and Saccharin,
(Office of Technology Assessment, Congress of the United States, Washington, D.C.),
Appendix II, pp. 91-108.
1978
100. Donahue, E. V., McCann, J. and Ames, B. N. (1978) Detection of Mutagenic Impurities
in Carcinogens and Noncarcinogens by High-Pressure Liquid Chromatography and the
Salmonella/Microsome Test. Cancer Res. 38, 431-438.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

186

101. Alper, M. D. and Ames, B. N. (1978) Transport of Antibiotics and Metabolite Analogs by
Systems Under Cyclic AMP Control: Positive Selection of Salmonella typhimurium cya
and crp Mutants. J. Bacteriol. 133, 149-157.
102. Gold, M. D., Blum, A. and Ames, B. N. (1978) Another Flame Retardant, Tris-(1,3Dichloro-2-Propyl) Phosphate, and Its Expected Metabolites Are Mutagens. Science 200,
785-787.
102a. Lofroth, G. (1978) The Mutagenicity of Hexavalent Chromium is Decreased by
Microsomal Metabolism. Naturwissenschaften 65, S.207.
102b. Lofroth, G. (1978) The Mutagenicity of Dichloroacetaldehyde. Z. Naturforsch 33c, 783785.
103. Ames, B. N. (1978) Environmental Chemicals Causing Cancer and Genetic Birth
Defects: Developing a Strategy to Minimize Human Exposure (California Policy
Seminar Series, Monograph #2, Institute of Governmental Studies, University of
California, Berkeley).
104. Blum, A., Gold, M. D., Ames, B. N., Kenyon, C., Jones, F. R., Hett, E. A., Dougherty, R.
C., Horning, E. C., Dzidic, I., Carroll, D. I., Stillwell, R. N. and Thenot, J.-P. (1978)
Children Absorb Tris-BP Flame Retardant from Sleepwear: Urine Contains the
Mutagenic Metabolite, 2,3-Dibromopropanol. Science 201, 1020-1023.
105. Ames, B. N. (1978) Environmental Chemicals Causing Cancer and Genetic Birth
Defects. In: DNA Repair Mechanisms (ICN-UCLA Symposia on Molecular and Cellular
Biology, Vol. IX), P. C. Hanawalt, E. C. Friedberg and C. F. Fox, eds. (Academic Press,
New York, NY), pp. 691-698.
106. McCann, J. and Ames, B. N. (1978) The Salmonella/Microsome Mutagenicity Test:
Predictive Value for Animal Carcinogenicity. In: Mutagenesis. Advances in Modern
Toxicology, Vol. V, W. G. Flamm and M. A. Mehlman, eds. (Hemisphere, Washington,
D.C.), pp. 87-108.
106a. Walker, G. C. (1978) Isolation and Characterization of Mutants of the Plasmid pKM101
Deficient in Their Ability to Enhance Mutagenesis and Repair. J. Bacteriol. 133, 12031211.
106b. Walker, G. C. (1978) Inducible Reactivation and Mutagenesis of UV-Irradiated
Bacteriophage P22 in Salmonella typhimurium LT2 Containing the Plasmid pKM101. J.
Bacteriol. 135, 415-421.
107. Ames, B. N. (1978) In Vitro Testing of Carcinogens and Mutagens. In: Structural
Correlates of Carcinogenesis and Mutagenesis, I. M. Asher and C. Zervos, eds.
(Proceedings of the Second FDA Office of Science Summer Symposium, U.S. Naval
Academy, 1977), pp. 27-33.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

187

108. Ames, B. N. (1978) Environmental Chemicals Causing Cancer and Genetic Birth
Defects: Mutagenicity Testing for Reactive Metabolites. In: Advances in Pharmacology
and Therapeutics: Toxicology, Vol. 9 (Proceedings of the 7th International Conference of
Pharmacology, Paris), Y. Cohen, ed. (Pergamon Press, Oxford, England), pp. 29-40.
1979
109. Ames, B. N. (1979) Environmental Chemicals Causing Cancer and Genetic Birth
Defects. In: The Condition of Man, P. Hallberg, ed. (Rundqvists Boktryckeri, Göteborg,
Sweden), pp. 80-106. [Reprint of #103.]
110. Ames, B. N. (1979) A Strategy to Minimize Human Exposure to Environmental
Chemicals Causing Cancer and Genetic Birth Defects. In: Mutagenesis in SubMammalian Systems: Status and Significance (Proceedings of the Inveresk Research
International Conference), G. E. Paget, ed. (MTP Press Ltd., Lancaster, Lancs., England),
pp. 29-52.
111. Ames, B. N. (1979) The Detection and Hazards of Environmental
Carcinogens/Mutagens. In: Monitoring Toxic Substances, D. Scheutzle, ed. (American
Chemical Society Symposium, Series 94, Washington, D.C., 1978), pp. 1-11.
111a. Jose, J. G. (1979) Photomutagenesis by Chlorinated Phenothiazine Tranquilizers. Proc.
Natl. Acad. Sci. USA 76, 469-472.
112. Kier, L. D., Weppelman, R. M. and Ames, B. N. (1979) Regulation of Nonspecific Acid
Phosphatase in Salmonella: phoN and phoP Genes. J. Bacteriol. 138, 155-161.
112a. Hollstein, M., McCann, J., Angelosanto, F. A. and Nichols, W. W. (1979) Short-term
Tests for Carcinogens and Mutagens. Mutat. Res. (Rev. Gen. Toxicol.) 65, 133-226.
113. Turnbough, C. L., Jr., Neill, R. J., Landsberg, R. and Ames, B. N. (1979)
Pseudouridylation of tRNAs and Its Role in Regulation in Salmonella typhimurium. J.
Biol. Chem. 254, 5111-5119.
113a. Primakoff, P. and Artz, S. W. (1979) Positive Control of lac Operon Expression in vitro
by Guanosine 5'-diphosphate 3'-diphosphate. Proc. Natl. Acad. Sci. USA 76, 1726-1730.
114. Hooper, N. K., Ames, B. N., Saleh, M. A. and Casida, J. E. (1979) Toxaphene, a
Complex Mixture of Polychloroterpenes and a Major Insecticide, is Mutagenic. Science
205, 591-593.
114a. Hollstein, M. (1979) Evaluation of Rapid Screening Methods that Detect Carcinogens
and Mutagens: Collation and Comparison of Test Results. In: Banbury Report 2.
Mammalian Cell Mutagenesis: The Maturation of Test Systems, A. W. Hsie, J. P. O'Neill
and V. K. McElheny, eds. (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY),
pp. 431-447.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

188

115. Ames, B. N. (1979) Identifying Environmental Chemicals Causing Mutations and
Cancer. Science 204, 587-593.
116. Ames, B. N. (1979) Chemicals and Health: A Growing Number of Chemicals are Being
Labelled Hazardous to Health. Is Their Danger Being Exaggerated? EPA Journal 5, 7.
117. Ames, B. N. (1979) The Identification of Chemicals in the Environment Causing
Mutations and Cancer. In: Naturally Occurring Carcinogens-Mutagens and Modulators
of Carcinogenesis (Proceedings of the Ninth International Symposium of the Princess
Takamatsu Cancer Research Fund), E. C. Miller, J. A. Miller, I. Hirono, T. Sugimura and
S. Takayama, eds. (Japan Sci. Soc. Press, Tokyo, Japan/Univ. Park Press, Baltimore,
MD), pp. 345-358.
118. Ames, B. N. (1979) Identifying Environmental Chemicals Causing Mutations and
Cancer. In: The Biological Revolution: Applications of Cell Biology to Public Welfare,
G. Weissmann, ed. (Plenum Press, New York, NY), 117-147. [Reprint of #115.]
1980
119. Ames, B. N. and Haroun, L. (1980) An Overview of the Salmonella Mutagenicity Test.
In: Microsomes, Drug Oxidations, and Chemical Carcinogenesis, Vol. II (Proceedings
of the 4th International Symposium on Microsomes and Drug Oxidations), M. H. Coon,
A. H. Conney, R. W. Estabrook, H. V. Gelboin, J. R. Gilette, and P. J. O'Brien, eds.
(Academic Press, New York, NY), pp. 1025-1040.
120. Bochner, B. R., Huang, H-C., Schieven, G. L. and Ames, B. N. (1980) Positive Selection
for Loss of Tetracycline Resistance. J. Bacteriol. 143, 926-933.
121. Ames, B. N., Hooper, K., Sawyer, C. B., Friedman, A. D., Peto, R., Havender, W., Gold,
L. S., Haggin, T., Harris, R. H. and Rosenfeld, M. (1980) Carcinogenic Potency: A
Progress Report. In: Banbury Report 5. Ethylene Dichloride: A Potential Health Risk?,
B. Ames, P. Infante and R. Reitz, eds. (Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY), pp. 55-63.
122. Hooper, K., Gold, L. S. and Ames, B. N. (1980) The Carcinogenic Potency of Ethylene
Dichloride in Two Animal Bioassays: A Comparison of Inhalation and Gavage Studies.
In: Banbury Report 5. Ethylene Dichloride: A Potential Health Risk?, B. Ames, P.
Infante and R. Reitz, eds. (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY), pp.
65-81.
122a. Gold, L. S. (1980) Human Exposures to Ethylene Dichloride. In: Banbury Report 5.
Ethylene Dichloride: A Potential Health Risk?, B. Ames, P. Infante and R. Reitz, eds.
(Cold Spring Harbor Laboratory, Cold Spring Harbor, NY), pp. 209-225.
123. Tamura, G., Gold, C., Ferro-Luzzi, A. and Ames, B. N. (1980) Fecalase: A Model For
Activation of Dietary Glycosides to Mutagens by Intestinal Flora. Proc. Natl. Acad. Sci.
USA 77, 4961-4965.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

189

124. Ames, B. N. (1980) Environmental Chemicals Causing Cancer and Mutations. In:
Genes, Cells and Behavior (Proceedings of the 50th Anniversary Symposium, Division
of Biology, California Institute of Technology), N. H. Horowitz and E. Hutchings, Jr.,
eds. (W. H. Freeman and Company, San Francisco, CA), pp. 21-31.
124a. Payne, S. M. (1980) Synthesis and Utilization of Siderophores by Shigella flexneri. J.
Bacteriol. 143, 1420-1424.
125. Ames, B. N. (1980) Identifying Environmental Chemicals Causing Mutations and
Cancer. Jurimetrics J. 20, 326-347.
1981
126. Haroun, L. and Ames, B. N. (1981) The Salmonella Mutagenicity Test: An Overview.
In: Short Term Tests for Chemical Carcinogens, H. F. Stich and R. H. C. San, eds.
(Springer-Verlag, New York, NY), pp. 108-119.
127. Maron, D., Katzenellenbogen, J. and Ames, B. N. (1981) Compatibility of Organic
Solvents with the Salmonella/Microsome Test. Mutat. Res. 88, 343-350.
128. Ames, B. N. and McCann, J. (1981) Validation of the Salmonella Test: A Reply to
Rinkus and Legator. Cancer Res. 41, 4192-4203.
129. Bochner, B. R., Maron, D. M. and Ames, B. N. (1981) Detection of Phosphate Esters on
Chromatograms: An Improved Reagent. Anal. Biochem. 117, 81-83.
130. Ames, B. N., Cathcart, R., Schwiers, E. and Hochstein, P. (1981) Uric Acid Provides an
Antioxidant Defense in Humans Against Oxidant- and Radical-Caused Aging and
Cancer: A Hypothesis. Proc. Natl. Acad. Sci. USA 78, 6858-6862.
1982
131. Ames, B. N., Hollstein, M. C. and Cathcart, R. (1982) Lipid Peroxidation and Oxidative
Damage to DNA. In: Lipid Peroxide in Biology and Medicine, K. Yagi, ed. (Academic
Press, New York, NY), pp. 339-351.
132. Ames, B. N., Gold, L. S., Sawyer, C. B. and Havender, W. (1982) Carcinogenic Potency.
In: Environmental Mutagens and Carcinogens (Proceedings of the Third International
Conference on Environmental Mutagens), T. Sugimura, S. Kondo and H. Takebe, eds.
(University of Tokyo Press/Alan R. Liss Inc., New York, NY), pp. 663-670.
133. Haroun, L. and Ames, B. N. (1982) Mutagenicity of Selected Chemicals in the
Salmonella/Microsome Mutagenicity Test. In: Comparative Chemical Mutagenesis, F.
J. de Serres and M. D. Shelby, eds. (Plenum Press, New York, NY), pp. 27-68.
134. Bochner, B. R. and Ames, B. N. (1982) Selective Precipitation of Orthophosphate from
Mixtures Containing Labile Phosphorylated Metabolites. Anal. Biochem. 122, 100-107.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

190

135. Levin, D. E., Yamasaki, E. and Ames, B. N. (1982) A New Salmonella Tester Strain,
TA97, for the Detection of Frameshift Mutagens: A Run of Cytosines as a Mutational
Hot-Spot. Mutat. Res. 94, 315-330.
136. Ames, B. N. (1982) Mutagens, Carcinogens and Anti-Carcinogens. In: Genetic
Toxicology: An Agricultural Perspective, R. A. Fleck and A. Hollaender, eds. (Plenum
Press, New York, NY), pp. 499-508.
137. Hooper, K., Sawyer, C. B., Peto, R., Haggin, T., Friedman, A. D., Havender, W., Gold,
L. S., Harris, R. H., Rosenfeld, M. and Ames, B. N. (1982) Carcinogenic Potency: A
Progress Report. In: In vitro Toxicity Testing of Environmental Agents: Current and
Future Possibilities, Part B. Development of Risk Assessment Guidelines, A. R. Kolber,
T. K. Wong, L. D. Grant, R. S. DeWoskin and T. J. Hughes, eds. (Plenum Press, New
York, NY), pp. 329-335.
138. Payne, S. and Ames, B. N. (1982) A Procedure for Rapid Extraction and HPLC
Separation of the Nucleotides and Other Small Molecules from Bacterial Cells. Anal.
Biochem. 123, 151-161.
139. Bochner, B. R. and Ames, B. N. (1982) ZTP (5-amino 4-Imidazole Carboxamide
Riboside 5'-Triphosphate) A Proposed Alarmone System for 10-Formyl-Tetrahydrofolate
Deficiency. Cell 29, 929-937.
140. Bochner, B. R. and Ames, B. N. (1982) Complete Analysis of Cellular Nucleotides by
Two-Dimensional Thin Layer Chromatography. J. Biol. Chem. 257, 9759-9780.
141. Buck, M., McCloskey, J. A., Basile, B. and Ames, B. N. (1982) cis-2-methylthioribosylzeatin (ms2io6A) is Present in the Transfer RNA of Salmonella typhimurium, but
not Escherichia coli. Nucleic Acids Res. 10, 5649-5662.
142. Ames, B. N. (1982) Carcinogens and Anti-Carcinogens. In: Mutagens in Our
Environment (Proceedings of the 12th European Environmental Mutagen Society
Conference), M. Sorsa and H. Vainio, eds. (Alan R. Liss, Inc., New York, NY), pp. 3-19.
143. Levin, D. E., Hollstein, M., Christman, M. F., Schwiers, E. A. and Ames, B. N. (1982) A
New Salmonella Tester Strain (TA 102) With A:T Base Pairs at the Site of Mutation
Detects Oxidative Mutagens. Proc. Natl. Acad. Sci. USA 79, 7445-7449.
1983
144. Maron, D. M. and Ames, B. N. (1983) Revised Methods for the Salmonella Mutagenicity
Test. Mutat. Res. 113, 173-215.
145. Buck, M., Connick, M. and Ames, B. N. (1983) Complete Analysis of tRNA Modified
Nucleosides by HPLC: The 29 Modified Nucleosides of S. typhimurium and E. coli
tRNA. Anal. Biochem. 129, 1-13.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

191

145a. Turnbough, C.L., Jr. (1983) Regulation of Escherichia coli Aspartate Transcarbamylase
Synthesis by Guanosine Tetraphosphate and Pyrimidine Ribonucleoside Triphosphates. J.
Bacteriol. 153, 998-1007.
146. Lee, P. C., Bochner, B. R. and Ames B. N. (1983) Diadenosine 5',5'''-P1,P4tetraphosphate and Related Adenylylated Nucleotides in Salmonella typhimurium. J. Biol.
Chem. 258, 6827-6834.
147. Bochner, B. R. and Ames, B. N. (1983) Sensitive Fluorographic Detection of 3H and 14C
on Chromatograms Using Methyl Anthranilate as a Scintillant. Anal. Biochem. 131, 510515.
148. Ames, B. N. (1983) Dietary Carcinogens and Anti-carcinogens (Oxygen Radicals and
Degenerative Diseases). Science 221, 1256-1264.
149. Ames, B. N., Tsang, T. H., Buck, M. and Christman, M. F. (1983) The Leader mRNA of
the Histidine Attenuator Region Resembles tRNAHis: Possible General Regulatory
Implications. Proc. Natl. Acad. Sci. USA 80, 5240-5242.
150. Cathcart, R., Schwiers, E. and Ames, B.N. (1983) Detection of Picomole Levels of
Hydroperoxides Using a Fluorescent Dichlorofluorescein Assay. Anal. Biochem. 134,
111-116.
151. Ames, B. N., Cathcart, R., Schwiers, E. and Hochstein, P. (1983) Uric Acid: An
Antioxidant Defense in Humans Against Oxidant- and Radical-Caused Aging and
Cancer. A Hypothesis. In: Carcinogens and Mutagens in the Environment. Vol. II,
Naturally Occurring Compounds, H. F. Stich, ed. (CRC Press, Inc., Boca Raton, FL), pp.
69-76.
152. Maron, D. M. and Ames, B. N. (1983) Revised Methods for the Salmonella Mutagenicity
Assay. In: Handbook of Mutagenicity Test Procedures, 2nd ed., B. J. Kilbey, M.
Legator, W. Nichols and C. Ramel, eds. (Elsevier Biomedical Press, Amsterdam), pp. 93140.
153. Tsang, T. H., Buck, M. and Ames, B. N. (1983) Sequence Specificity of tRNA
Modifying Enzymes: An Analysis of 258 tRNA Sequences. Biochim. Biophys. Acta 741,
180-196.
154. Lee, P. C., Bochner, B. R. and Ames, B. N. (1983) AppppA, Heat Shock Stress, and Cell
Oxidation. Proc. Natl. Acad. Sci. USA 80, 7496-7500.
1984
155. Levin, D. E., Hollstein, M., Christman, M. F. and Ames, B. N. (1984) Detection of
Oxidative Mutagens with a New Salmonella Tester Strain (TA102). Methods Enzymol.
105, 249-254.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

192

156. Cathcart, R., Schwiers, E. and Ames, B. N. (1984) Detection of Picomole Levels of Lipid
Hydroperoxides Using a Dichlorofluorescein Fluorescent Assay. Methods Enzymol. 105,
352-358.
157. Peto, R., Pike, M. C., Bernstein, L., Gold, L. S. and Ames, B. N. (1984) The TD50: A
Proposed General Convention for the Numerical Description of the Carcinogenic Potency
of Chemicals in Chronic-Exposure Animal Experiments. Environ. Health Perspect. 58, 18.
158. Gold, L. S., Sawyer, C. B., Magaw, R., Backman, G. M., de Veciana, M., Levinson, R.,
Hooper, N. K., Havender, W. R., Bernstein, L., Peto, R., Pike, M. C. and Ames, B. N.
(1984) A Carcinogenic Potency Database of the Standardized Results of Animal
Bioassays. Environ. Health Perspect. 58, 9-319.
158a. Sawyer, C., Peto, R., Bernstein, L. and Pike, M. C. (1984) Calculation of Carcinogenic
Potency from Long-Term Animal Carcinogenesis Experiments. Biometrics 40, 27-40.
159. Ames, B. N. (1984) The Detection of Environmental Mutagens and Potential
Carcinogens. In: Accomplishments in Cancer Research 1983, J. G. Fortner and J. E.
Rhoads, eds. (J. B. Lippincott Co., Philadelphia, PA), pp. 102-114.
160. Ames, B. N. (1984) The Detection of Environmental Mutagens and Potential
Carcinogens. Cancer 53, 2034-2040. [Reprint of #159.]
161. Buck, M. and Ames, B. N. (1984) A Modified Nucleotide in tRNA as a Possible
Regulator of Aerobiosis: Synthesis of cis-2-methylthioribosylzeatin in the tRNA of
Salmonella. Cell 36, 523-531.
162. Chesis, P. L., Levin, D. E., Smith, M. T., Ernster, L. and Ames, B. N. (1984)
Mutagenicity of Quinones: Pathways of Metabolic Activation and Detoxification. Proc.
Natl. Acad. Sci. USA 81, 1696-1700.
163. Bochner, B. R., Lee, P. C., Wilson, S. W., Cutler, C. W. and Ames, B. N. (1984) AppppA
and Related Adenylylated Nucleotides are Synthesized as a Consequence of Oxidation
Stress. Cell 37, 225-232.
164. Levin, D. E., Marnett, L. J. and Ames, B. N. (1984) Spontaneous and Mutagen-Induced
Deletions: Mechanistic Studies in Salmonella Tester Strain TA102. Proc. Natl. Acad.
Sci. USA 81, 4457-4461.
165. Hollstein, M. C., Brooks, P., Linn, S. and Ames, B. N. (1984) HydroxymethyluracilDNA Glycosylase in Mammalian Cells. Proc. Natl. Acad. Sci. USA 81, 4003-4007.
166. Cathcart, R., Schwiers, E., Saul, R. L., and Ames, B. N. (1984) Thymine Glycol and
Thymidine Glycol in Human and Rat Urine: A Possible Assay for Oxidative DNA
Damage. Proc. Natl. Acad. Sci. USA 81, 5633-5637.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

193

166a. Bochner, B. R. (1984) Curing Bacterial Cells of Lysogenic Viruses by Using UCB
Indicator Plates. Research Report. BioTechniques (September/October).
167. Ames, B. N. (1984) Cancer and Diet. Science 224, 668-670, 757-760.
168. Ames, B. N. (1984) Dietary Carcinogens and Anti-Carcinogens. Clinical Toxicol. 22,
291-301.
168*

Ames, B.N. (1984) Mother nature is meaner than you think. Science (July-August)

1985
169. Marnett, L. J., Hurd, H., Hollstein, M., Levin, D. E., Esterbauer, H. and Ames, B. N.
(1985) Naturally Occurring Carbonyl Compounds are Mutagens in Salmonella Tester
Strain TA104. Mutat. Res. 148, 25-34.
170. Bernstein, L., Gold, L. S., Ames, B. N., Pike, M. C. and Hoel, D. G. (1985) Some
Tautologous Aspects of the Comparison of Carcinogenic Potency in Rats and Mice.
Fundam. Appl. Toxicol. 5 79-86.
171. Ames, B. N., Saul, R. L., Schwiers, E., Adelman, R. and Cathcart, R. (1985) Oxidative
DNA Damage as Related to Cancer and Aging: Assay of Thymine Glycol, Thymidine
Glycol, and Hydroxymethyluracil in Human and Rat Urine. In: Molecular Biology of
Aging: Gene Stability and Gene Expression, R. S. Sohal, L. S. Birnbaum and R. G.
Cutler, eds. (Raven Press, New York, NY), pp. 137-144.
171a. Turnbough, C. L., Jr. and Bochner, B. R. (1985) Toxicity of the Pyrimidine Biosynthetic
Pathway Intermediate Carbamyl Aspartate in Salmonella typhimurium. J. Bacteriol. 163,
500-505.
172. Christman, M. F., Morgan, R. W., Jacobson, F. S. and Ames, B. N. (1985) Positive
Control of a Regulon for Defenses Against Oxidative Stress and Some Heat-Shock
Proteins in Salmonella typhimurium. Cell 41, 753-762.
172a. Rudd, K. E., Bochner, B. R., Cashel, M. and Roth, J. R. (1985) Mutations in the spoT
Gene of Salmonella typhimurium: Effects on his Operon Expression. J. Bacteriol. 163,
534-542.
173. Ames, B. N. and Saul, R. L. (1985) Oxidative DNA Damage, Aging and Cancer. In:
Diet and Human Carcinogenesis, J. V. Joossens, M. J. Hill and J. Geboers, eds. (Elsevier
Science Publishers BV [Biomedical Division], Amsterdam), pp. 25-34. [Reprint of #171.]
174. Ames, B. N. (1985) Dietary Carcinogens and Anticarcinogens. Oxygen Radicals and
Degenerative Diseases. Biochim. Clin. 9, 932-940. [Reprint of #148]

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

194

175. Ames, B. N. (1985) Dietary Carcinogens and Anticarcinogens: Oxygen Radicals and
Degenerative Diseases. In: Risk Analysis in the Private Sector, C. Whipple and V. T.
Covello, eds. (Plenum Press, New York, NY), pp. 297-321. [Reprint of #148]
176. Bernstein, L., Gold, L. S., Ames, B. N., Pike, M. C. and Hoel, D. G. (1985) Toxicity and
Carcinogenic Potency. Risk Anal. 5, 263-270.
177. Ames, B. N. (1985) Dietary Carcinogens and Anticarcinogens. In: Nestle Research
News 1984/1985, 15-26. [Reprint of #s 148 & 167]
1986
178. Saul, R. L. and Ames, B. N. (1986) Background Levels of DNA Damage in the
Population. In: Mechanisms of DNA Damage and Repair: Implications for
Carcinogenesis and Risk Assessment, M. G. Simic, L. Grossman and A. D. Upton, eds.
(Plenum, New York, NY), pp. 529-536.
179. Ames, B. N. and Saul, R. L. (1986) Oxidative DNA Damage as Related to Cancer and
Aging. In: Genetic Toxicology of Environmental Chemicals. Part A: Basic Principles
and Mechanisms of Action, C. Ramel, B. Lambert, and J. Magnusson, eds. (Alan R. Liss,
New York, NY), pp. 11-26.
180. Ames, B. N. (1986) Food Constituents as a Source of Mutagens, Carcinogens, and
Anticarcinogens. In: Genetic Toxicology of the Diet, I. Knudsen, ed. (Alan R. Liss, Inc.,
New York, NY), pp. 3-32.
181. Levin, D. E. and Ames, B. N. (1986) Classifying Mutagens as to Their Specificity in
Causing the Six Possible Transitions and Transversions: A Simple Analysis Using the
Salmonella Mutagenicity Assay. Environ. Mutagenesis 8, 9-28.
182. Ames, B. N. (1986) Carcinogens and Anticarcinogens. In: Antimutagenesis and
Anticarcinogenesis Mechanisms, D. M. Shankel, P. Hartman, T. Kada, and A.
Hollaender, eds. (Plenum Press, New York, NY), pp. 7-35.
183. Hartman, P. E., Ames, B. N., Roth, J. R., Barnes, W. M. and Levin, D. E. (1986) Target
Sequences for Mutagenesis in Salmonella Histidine-Requiring Mutants. Environ.
Mutagenesis 8, 631-641.
184. Ramel, C., Alekperov, U. K., Ames, B. N., Kada, T. and Wattenberg, L. W. (1986)
Inhibitors of Mutagenesis and Their Relevance to Carcinogenesis. Report by ICPEMC
Expert Group on Antimutagens and Desmutagens. Mutat. Res. 168, 47-65.
185. Nishimura, S. and Ames, B. N. (1986) U.S.-Japan Meeting on "Oxygen Radicals in
Cancer". Jpn. J. Cancer Res. (Gann) 77, 843-848.
186. Ames, B. N. (1986) Dietary Carcinogens and Anticarcinogens. In: Diet and Prevention
of Coronary Heart Disease and Cancer (Fourth International Berzelius Symposium

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

195

Sponsored by the Swedish Society of Medicine), B. Hallgren, Ö. Levin, S. Rössner, B.
Vessby, D. Ingvar, B. Pernow, and L. Pellborn, eds. (Raven Press, New York, NY), pp.
25-45.
187. Hollstein, M., Nair, J., Bartsch, H., Bochner, B. and Ames, B. N. (1986) Detection of
DNA Base Damage by 32P Postlabelling: TLC Separation of 5'-deoxynucleoside
Monophosphates. In: The Role of Cyclic Nucleic Acid Adducts in Carcinogenesis and
Mutagenesis (IARC Scientific Publications No. 70), B. Singer and H. Bartsch, eds.
(International Agency for Research on Cancer, Lyon, France), pp. 437-448.
188. Gold, L. S., de Veciana, M., Backman, G. M., Magaw, R., Lopipero, P., Smith, M.,
Blumenthal, M., Levinson, R., Bernstein, L. and Ames, B. N. (1986) Chronological
Supplement to the Carcinogenic Potency Database: Standardized Results of Animal
Bioassays Published through December 1982. Environ. Health Perspect. 67, 161-200.
189. Morgan, R. W., Christman, M. F., Jacobson, F. S., Storz, G. and Ames, B. N. (1986)
Hydrogen Peroxide-Inducible Proteins in Salmonella typhimurium Overlap with Heat
Shock and Other Stress Proteins. Proc. Natl. Acad. Sci. USA 83, 8059-8063.
1987
190. Saul, R. L., Gee, P. and Ames, B. N. (1987) Free Radicals, DNA Damage, and Aging. In:
Modern Biological Theories of Aging (Raven Press, New York, NY), pp. 113-129.
191. Yamamoto, Y., Brodsky, M. H., Baker, J. C. and Ames, B. N. (1987) Detection and
Characterization of Lipid Hydroperoxides at Picomole Levels by High Performance
Liquid Chromatography. Anal. Biochem. 160, 7-13.
192. Stocker, R., Yamamoto, Y., McDonagh, A. F., Glazer, A. N. and Ames, B. N. (1987)
Bilirubin is an Antioxidant of Possible Physiological Importance. Science 235, 10431046.
193. Kramer, G. F. and Ames, B. N. (1987) Oxidative Mechanisms of Toxicity of LowIntensity Near UV-Light in Salmonella typhimurium. J. Bacteriol. 169, 2259-2266.
194. Ames, B. N. and Saul, R. L. (1987) Oxidative DNA Damage, Cancer, and Aging, pp.
536-539. In: Cross, C. E., moderator. Oxygen Radicals and Human Disease. Ann.
Intern. Med. 107, 526-545.
195. Yamamoto, Y. and Ames, B. N. (1987) Detection of Lipid Hydroperoxides and
Hydrogen Peroxide at Picomole Levels by an HPLC and Isoluminol Chemiluminescence
Assay. Free Radic. Biol. Med. 3, 359-361.
196. Ames, B. N., Magaw, R. and Gold, L. S. (1987) Ranking Possible Carcinogenic Hazards.
Science 236, 271-280.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

196

197. Stocker, R., Glazer, A. N. and Ames, B. N. (1987) Antioxidant Activity of AlbuminBound Bilirubin. Proc. Natl. Acad. Sci. USA 84, 5918-5922.
198. Gold, L. S., Slone, T. H., Backman, G., Magaw, R., Da Costa, M. and Ames, B. N.
(1987) Second Chronological Supplement to the Carcinogenic Potency Database:
Standardized Results of Animal Bioassays Published Through December 1984 and by the
National Toxicology Program Through May 1986. Environ. Health Perspect. 74, 237329.
199. Baker, J. C., Smale, S. T., Tjian, R. and Ames, B. N. (1987) Inhibition of Simian Virus
40 DNA Replication in vitro by Poly(ADP-ribosyl)ated Diadenosine Tetraphosphate. J.
Biol. Chem. 262, 14855-14858.
200. Stocker, R. and Ames, B. N. (1987) Potential Role of Conjugated Bilirubin and Copper in
the Metabolism of Lipid Peroxides in Bile. Proc. Natl. Acad. Sci. USA 84, 8130-8134.
201. Storz, G., Christman, M. F., Sies, H. and Ames, B. N. (1987) Spontaneous Mutagenesis
and Oxidative Damage to DNA in Salmonella typhimurium. Proc. Natl. Acad. Sci. USA
84, 8917-8921.
202. Ames, B. N., Magaw, R. and Gold, L. S. (1987) Risk Assessment (Letter). Science 237,
235.
203. Ames, B. N., Magaw, R. and Gold, L. S. (1987) Carcinogenicity of Aflatoxins (Letter).
Science 237, 1283-1284.
204. Ames, B. N., Gold, L. S. and Magaw, R. (1987) Risk Assessment (Letter). Science 237,
1399-1400.
205. Ames, B. N. and Gold, L. S. (1987) Paleolithic Diet, Evolution, and Carcinogens (Letter).
Science 238, 1634.
206. Ames, B. N. (1987) Six Common Errors Relating to Environmental Pollution. Reg.
Toxicol. Pharmacol. 7, 379-383.
1988
207. Ames, B. N. and Saul, R. L. (1988) Cancer, Aging, and Oxidative DNA Damage. In:
Theories of Carcinogenesis, O. H. Iversen, ed. (Hemisphere Publishing Corporation, New
York, NY), pp. 203-220.
208. Kramer, G. F. and Ames, B. N. (1988) Isolation and Characterization of a Selenium
Metabolism Mutant in Salmonella typhimurium. J. Bacteriol. 170, 736-743.
209. Adelman, R., Saul, R. L. and Ames, B. N. (1988) Oxidative Damage to DNA: Relation
to Species Metabolic Rate and Life Span. Proc. Natl. Acad. Sci. USA 85, 2706-2708.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

197

210. Kohen, R., Yamamoto, Y., Cundy, K. C. and Ames, B. N. (1988) Antioxidant Activity of
Carnosine, Homocarnosine, and Anserine Present in Muscle and Brain. Proc. Natl. Acad.
Sci. USA 85, 3175-3179.
211. Ames, B. N. and Gold, L. S. (1988) Carcinogenic Risk Estimation (Technical Comment).
Science 240, 1045-1047.
212. Baker, J. C. and Ames, B. N. (1988) Alterations in Levels of 5´-Adenyl Dinucleotides
Following DNA Damage in Normal Human Fibroblasts and Fibroblasts Derived from
Patients with Xeroderma Pigmentosum. Mutat. Res. 208, 87-93.
213. Kramer, G. F., Baker, J. C. and Ames, B. N. (1988) Near-UV Stress in Salmonella
typhimurium: 4-Thiouridine in tRNA, ppGpp, and ApppGpp as Components of an
Adaptive Response. J. Bacteriol. 170, 2344-2351.
214. Kramer, G. F. and Ames, B. N. (1988) Mechanisms of Mutagenicity and Toxicity of
Sodium Selenite (Na2SeO3) in Salmonella typhimurium. Mutat. Res. 201, 169-180.
215. Baker, J. C. and Ames, B. N. (1988) Alterations of NAD and Adenylyl Dinucleotide
Metabolism in Chediak-Higashi Syndrome Fibroblasts. J. Inher. Metab. Dis. 11, 221228.
216. Richter, C., Park, J.W. and Ames, B. N. (1988) Normal Oxidative Damage to
Mitochondrial and Nuclear DNA is Extensive. Proc. Natl. Acad. Sci. USA 85, 6465-6467.
217. Park, J.W. and Ames, B. N. (1988) 7-Methylguanine Adducts in DNA are Normally
Present at High Levels and Increase on Aging: Analysis by HPLC with Electrochemical
Detection. Proc. Natl. Acad. Sci. USA 85, 7467-7470; Correction. Proc. Natl. Acad. Sci.
USA 85, 9508.
217a. Blum, P. H. (1988) Reduced leu Operon Expression in a miaA Mutant of Salmonella
typhimurium. J. Bacteriol. 170, 5125-5133.
218. Frei, B., Yamamoto, Y., Niclas, D. and Ames, B. N. (1988) Evaluation of an Isoluminol
Chemiluminescence Assay for the Detection of Hydroperoxides in Human Blood Plasma.
Anal. Biochem. 175, 120-130.
219. Frei, B., Stocker, R. and Ames, B. N. (1988) Antioxidant Defenses and Lipid
Peroxidation in Human Blood Plasma. Proc. Natl. Acad. Sci. USA 85, 9748-9752.
220. Ames, B. N. (1988) Measuring Oxidative Damage in Humans: Relation to Cancer and
Ageing. In: Methods for Detecting DNA Damaging Agents in Humans: Applications in
Cancer Epidemiology and Prevention (IARC Scientific Publications No. 89), H. Bartsch,
K. Hemminki and I. K. O'Neill, eds. (International Agency for Research on Cancer,
Lyon, France), pp. 407-416.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

198

221. Frei, B., Yamamoto, Y., Niclas, D., Stocker, R., Cross, C. E. and Ames, B. N. (1988)
Analysis of Oxidants and Antioxidants in Human Plasma of Healthy Subjects and of
Patients with Adult Respiratory Distress Syndrome. In: Free Radicals, Methodology and
Concepts, C. Rice-Evans and B. Halliwell, eds. (Richelieu, London, England), pp. 349368.
222. Cundy, K. C., Kohen, R. and Ames, B. N. (1988) Determination of 8Hydroxydeoxyguanosine in Human Urine: A Possible Assay for in vivo Oxidative DNA
Damage. In: Oxygen Radicals in Biology and Medicine, M. G. Simick, K. Taylor, J. F.
Ward and C. von Sonntag, eds. (Plenum, New York, NY), pp. 479-482.
1989
223. Jacobson, F. S., Morgan, R. W., Christman, M. F. and Ames, B. N. (1989) An Alkyl
Hydroperoxide Reductase from Salmonella typhimurium Involved in the Defense of
DNA Against Oxidative Damage: Purification and Properties. J. Biol. Chem. 264, 14881496.
224. Blum, P. H. and Ames, B. N. (1989) Immunochemical Identification of a tRNAIndependent Cytokinin-Like Compound in Salmonella typhimurium. Biochim. Biophys.
Acta 1007, 196-202.
225. Storz, G., Jacobson, F. S., Tartaglia, L. A., Morgan, R. W., Silveira, L. A. and Ames, B.
N. (1989) An Alkyl Hydroperoxide Reductase Induced by Oxidative Stress in Salmonella
typhimurium and Escherichia coli: Genetic Characterization and Cloning of ahp. J.
Bacteriol. 171, 2049-2055.
226. Ames, B. N. (1989) What Are the Major Carcinogens in the Etiology of Human Cancer?
Environmental Pollution, Natural Carcinogens, and the Causes of Human Cancer: Six
Errors. In: Important Advances in Oncology 1989, V. T. De Vita, Jr., S. Hellman and S.
A. Rosenberg, eds. (J. B. Lippincott, Philadelphia, PA), pp. 237-247.
227. Christman, M. F., Storz, G. and Ames, B. N. (1989) OxyR, a Positive Regulator of
Hydrogen Peroxide-Inducible Genes in Escherichia coli and Salmonella typhimurium, is
Homologous to a Family of Bacterial Regulatory Proteins. Proc. Natl. Acad. Sci. USA 86,
3484-3488.
228. Park, J.W., Cundy, K. C. and Ames, B. N. (1989) Detection of DNA Adducts by HighPerformance Liquid Chromatography with Electrochemical Detection. Carcinogenesis
10, 827-832.
229. Farr, S. B., Arnosti, D. N., Chamberlin, M. J. and Ames, B. N. (1989) An apaH Mutation
Causes AppppA to Accumulate and Affects Motility and Catabolite Repression in
Escherichia coli. Proc. Natl. Acad. Sci. USA 86, 5010-5014.
230. Ames, B. N. (1989) Mutagenesis and Carcinogenesis: Endogenous and Exogenous
Factors. Environ. Mol. Mutagen. 14 (Supplement 16), 66-77.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

199

231. Ames, B. N. and Gold. L. S. (1989) Pesticides, Risk, and Applesauce (Letter). Science
244, 755-757.
232. Ames, B. N. and Gold, L. S. (1989) Misconceptions Regarding Environmental Pollution
and Cancer Causation. In: Health Risks and the Press: Perspectives on Media Coverage
of Risk Assessment and Health, M. Moore, ed. (The Media Institute, Washington, D.C.),
pp. 19-34.
233. Ames, B. N. (1989) The Measurement of Oxidative Damage in Humans: Relation to
Cancer and Aging. In: Medical, Biochemical and Chemical Aspects of Free Radicals,
Vol. 2, O. Hayaishi, E. Niki, M. Kondo, and T. Yoshikawa, eds. (Elsevier Science
Publishers BV, Amsterdam), pp. 1453-1460.
234. Stocker, R., Lai, A., Peterhans, E. and Ames, B. N. (1989) Antioxidant Properties of
Bilirubin and Biliverdin. In: Medical, Biochemical and Chemical Aspects of Free
Radicals, Vol. 1, O. Hayaishi, E. Niki, M. Kondo, and T. Yoshikawa, eds. (Elsevier
Science Publishers BV, Amsterdam), pp. 465-468.
235. Ames, B. N. (1989) Endogenous DNA Damage as Related to Cancer and Aging. Mutat.
Res. 214, 41-46.
236. Ames, B. N. (1989) Cancer, Aging, and Endogenous DNA Damage. In: DNA Damage
and Repair, A. Castellani, ed. (Plenum Press, New York, NY), pp. 291-298.
237. Ames, B. N. (1989) Pesticide Residues and Cancer Causation. In: Carcinogenicity and
Pesticides, N. N. Ragsdale and R. Menzer, eds. (American Chemical Society,
Washington, D.C.), 223-237.
238. Frei, B., England, L. and Ames, B. N. (1989) Ascorbate is an Outstanding Antioxidant in
Human Blood Plasma. Proc. Natl. Acad. Sci. USA 86, 6377-6381.
239. Ames, B. N. (1989) Endogenous Oxidative DNA Damage, Aging, and Cancer. Free
Radic. Res. Commun. 7, 121-128.
240. Baker, J. C., Smale, S. and Ames, B. N. (1989) Inhibition of SV40 Replication in vitro by
Poly(ADP-ribosyl)ated Diadenosine Tetraphosphate. In: ADP-Ribose Transfer
Reactions: Mechanisms and Biological Significance, M. K. Jacobson and E. L. Jacobson,
eds. (Springer-Verlag, New York, NY), pp. 254-260.
241. Shigenaga, M. K., Gimeno, C. J. and Ames, B. N. (1989) Urinary 8-Hydroxy-2'Deoxyguanosine as a Biological Marker of in vivo Oxidative DNA Damage. Proc. Natl.
Acad. Sci. USA 86, 9697-9701.
242. Ames, B. N. (1989) Chemicals, Cancers, Causalities, and Cautions. Chemtech, pp. 590598. [Reprint of #237]

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

200

243. Tartaglia, L. A., Storz, G. and Ames, B. N. (1989) Identification and Molecular Analysis
of oxyR-Regulated Promoters Important for the Bacterial Adaptation to Oxidative Stress.
J. Mol. Biol. 210, 709-719.
244. Ames, B. N. (1989) An Overview of Carcinogens. In: The Hornblower, Institute of
Food Technologies, Berkeley, CA, pp. 5-7.
245. Ames, B. N. (1989) Environmental Pollution and the Causes of Human Cancer. 21st
Century Science and Technology 2, 40-49.
245* Ames, B.N. (1989) Science and the Spontaneous Order. In: Lectures in Social Philosophy
and Policy, Social Philosophy and Policy Center, Bowling Green, OH, pp. 1-10 (also was
presented as the graduation address, 1985 at University of San Francisco).
1990
246. Lemke, M., Frei, B., Ames, B. N. and Faden, A. I. (1990) Decreases in Tissue Levels of
Ubiquinol-9 and -10, Ascorbate and a-tocopherol Following Spinal Cord Impact Trauma
in Rats. Neuroscience Letters 108, 201-206.
247. Ames, B. N. (1990) Natural Carcinogens: They're Found in Many Foods. In: Health &
Environment Digest, B. Murdock, ed., pp. 4.
248. Gold, L. S., Slone, T. H., Backman, G. M., Eisenberg, S., Da Costa M., Wong, M.,
Manley, N. B., Rohrbach, L. and Ames, B. N. (1990) Third Chronological Supplement to
the Carcinogenic Potency Database: Standardized Results of Animal Bioassays
Published Through December 1986 and by the National Toxicology Program Through
June 1987. Environ. Health Perspect. 84, 215-285.
249. Storz, G., Tartaglia, L. A. and Ames, B. N. (1990) Transcriptional Regulator of Oxidative
Stress-Inducible Genes: Direct Activation by Oxidation. Science 248, 189-194.
250. Cross, C. E., Forte, T., Stocker, R., Louie, S., Yamamoto, Y., Ames, B. N. and Frei, B.
(1990) Oxidative Stress and Abnormal Cholesterol Metabolism in Patients with Adult
Respiratory Distress Syndrome. J. Lab. Clin. Med. 115, 396-404.
251. Stocker, R., McDonagh, A. F., Glazer, A. N. and Ames, B. N. (1990) Antioxidant
Activities of Bile Pigments: Biliverdin and Bilirubin. In: Methods in Enzymology:
Oxygen Radicals in Biological Systems, J. N. Abelson and M. I. Simon, eds. (Academic
Press, New York, NY), Vol. 186, 301-309.
252. Yamamoto, Y., Frei, B. and Ames, B. N. (1990) Assay of Lipid Hydroperoxides Using
HPLC with a Isoluminal Chemiluminescence Detection. In: Methods in Enzymology:
Oxygen Radicals in Biological Systems, Part B: Oxygen Radicals and Antioxidants, L.
Packer and A. Glazer, eds. (Academic Press, New York, NY), Vol. 186, 371-380.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

201

253. Shigenaga, M. K., Park, J.-W., Cundy, K. C., Gimeno, C. J. and Ames, B. N. (1990) In
vivo Oxidative DNA Damage: Measurement of 8-Hydroxy-2´-deoxyguanosine in DNA
and Urine by High-Performance Liquid Chromatography with Electrochemical
Detection. In: Methods in Enzymology: Oxygen Radicals in Biological Systems, Part B:
Oxygen Radicals and Antioxidants, L. Packer and A. Glazer, eds. (Academic Press, New
York, NY), Vol. 186, 521-530.
254. Fraga, C. G., Shigenaga, M. K., Park, J.-W., Degan, P. and Ames, B. N. (1990) Oxidative
Damage to DNA During Aging: 8-Hydroxy-2´-deoxyguanosine in Rat Organ DNA and
Urine. Proc. Natl. Acad. Sci. USA 87, 4533-4537.
255. Ames, B. N. and Gold, L. S. (1990) Dietary Carcinogens, Environmental Pollution, and
Cancer: Some Misconceptions. Med. Oncol. & Tumor Pharmacother. 7, 69-85.
256. Frei, B., Kim, M. C. and Ames, B. N. (1990) Ubiquinol-10 is an Effective Lipid-Soluble
Antioxidant at Physiological Concentrations. Proc. Natl. Acad. Sci. USA 87, 4879-4883.
257. Ames, B. N. and Gold. L. S. (1990) Too Many Rodent Carcinogens: Mitogenesis
Increases Mutagenesis. Science 249, 970-971.
258. Tartaglia, L. A., Storz, G., Brodsky, M. H., Lai, A. and Ames, B. N. (1990) Alkyl
Hydroperoxide Reductase from S. typhimurium Sequence and Homology to Thioredoxin
Reductase and Other Flavoprotein Disulfide Oxidoreductases. J. Biol. Chem. 265, 1053510540.
259. Ames, B. N. and Gold, L. S. (1990) Chemical Carcinogenesis: Too Many Rodent
Carcinogens. Proc. Natl. Acad. Sci. USA 87, 7772-7776. doi: 10.1073/pnas.87.19.7772
260. Ames, B. N., Profet, M. and Gold, L. S. (1990) Dietary Pesticides (99.99% All Natural).
Proc. Natl. Acad. Sci. USA 87, 7777-7781. doi: 10.1073/pnas.87.19.7777
261. Ames, B. N., Profet, M. and Gold. L. S. (1990) Nature's Chemicals and Synthetic
Chemicals: Comparative Toxicology. Proc. Natl. Acad. Sci. USA 87, 7782-7786. doi:
10.1073/pnas.87.19.7782

261a. MacGregor, J. T. (1990) Dietary Factors Affecting Spontaneous Chromosomal Damage
in Man. In: Mutagens and Carcinogens in the Diet (Wiley-Liss, Inc., NY), pp. 139-153.
262. Storz, G., Tartaglia, L. A., Farr, S. B. and Ames, B. N. (1990) Bacterial Defenses Against
Oxidative Stress. Trends Genet. 6, 363-368.
263. Storz, G., Tartaglia, L. A. and Ames, B. N. (1990) The OxyR Regulon. Antonie van
Leeuwenhoek 58, 157-161.
264. Frei, B., Stocker, R., England, L. and Ames, B. N. (1990) Ascorbate: The Most Effective
Antioxidant in Human Blood Plasma. Adv. Exp. Med. Biol. 264, 155-164.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

202

265. Ames, B. N. and Gold, L. S. (1990) Misconceptions on Pollution and the Causes of
Cancer. Angew. Chem. 29, 1197-1208.
266. MacGregor, J. T., Schlegel, R., Wehr, C. M., Alperin, P. and Ames, B. N. (1990)
Cytogenetic Damage Induced by Folate Deficiency in Mice is Enhanced by Caffeine.
Proc. Natl. Acad. Sci. USA 87, 9962-9965.
267. Ames, B. N. and Gold, L. S. (1990) Carcinogenesis Debate (Letter). Science 250, 14981499.
268. Ames, B. N. and Gold, L. S. (1990) Carcinogens and Human Health: Part 1 (Letter).
Science 250, 1645-1646.
269. Ames, B. N. and Gold, L. S. (1990) Carcinogens and Human Health: Part 2 (Letter).
Science 251, 12-13.
270. Ames, B. N. (1990) Misconceptions About Pollution and Cancer. National Review,
December 3. 34-36.
271. Gold, L. S., Bernstein, L. and Ames, B. N. (1990) The Importance of Ranking Possible
Carcinogenic Hazards Using HERP. Risk Anal. 10, 625-628.
271a. Fraga, C., Oteiza, P., Golub, M., Gershwin, M., Keen, C. (1990) Effects of Aluminum on
Brain Lipid Peroxidation. In: Toxicology Letters, 51 (1990) 213-219.
1991
272. Ames, B. N. and Gold, L. S. (1991) Carcinogens and Human Health: Part 3 (Letter).
Science 251, 606-608.
273. Ames, B. N., Profet, M. and Gold. L. S. (1991) Dietary Carcinogens and Mutagens from
Plants. In: Mutagens in Food: Detection and Prevention, H. Hayatsu, ed. (CRC Press,
Inc., Boca Raton, FL), pp. 29-50.
274. Ames, B. N. (1991) Endogenous DNA Damage as Related to Nutrition and Aging. In:
The Potential for Nutritional Modulation of Aging Processes, D. K. Ingram, G. T. Baker
III and N. W. Shock, eds. (Food and Nutrition Press, Inc., Turnbull, CT), pp. 251-261.
275. Ames, B. N. and Gold, L. S. (1991) Cancer Prevention Strategies Greatly Exaggerate
Risks. Chem. Engr. News 69, 28-32.
276. Shigenaga, M. K. and Ames, B. N. (1991) Assays for 8-Hydroxy-2´-deoxyguanosine: A
Biomarker of in vivo Oxidative DNA Damage. Free Radic. Biol. Med. 10, 211-216.
277. Degan, P., Shigenaga, M. K., Park, E.M., Alperin, P. and Ames, B. N. (1991)
Immunoaffinity Isolation of Urinary 8-Hydroxy-2´-deoxyguanosine and 8-

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

203

Hydroxyguanine and Quantitation of 8-Hydroxy-2´-deoxyguanosine in DNA by
Polyclonal Antibodies. Carcinogenesis 12, 865-871.
278. Ames, B. N. and Gold, L. S. (1991) Carcinogenesis Mechanisms: The Debate Continues.
(Letter) Science 252, 902.
279. Ames, B. N. (1991) Natural Carcinogens and Dioxin. The Science of the Total
Environment 104, 159-166.
280. Ames, B. N. and Gold, L. S. (1991) Mitogenesis, Mutagenesis, and Animal Cancer Tests.
In: Chemically Induced Cell Proliferation: Implications for Risk Assessment, B.
Butterworth T. Slaga, W. Farland and M. McClain, eds. 369, (Wiley, New York, NY),
pp. 1-20.
281. Tartaglia, L. A., Storz, G., Farr, S. B. and Ames, B. N. (1991) The Bacterial Adaptation
to Hydrogen Peroxide Stress. In: Oxidative Stress: Oxidants and Antioxidants, H. Sies,
ed., (Academic Press, London, England), pp. 155-169.
282. Frei, B., Forte, T. M., Ames, B. N. and Cross, C. E. (1991) Gas Phase Oxidants of
Cigarette Smoke Induce Lipid Peroxidation and Changes in Lipoprotein Properties in
Human Blood Plasma: Protective Effects of Ascorbic Acid. Biochem. J. 277, 133-138.
283. Ames, B. N. (1991) Oxygen Radicals and 8-Hydroxyguanine in DNA. Jpn. J. Cancer
Res. 82, inside cover.
284. Ames, B. N. (1991) Foreword: Diet and the Prevention of Disease. In: Micronutrients in
Health and in Disease Prevention, A. Bendich and C. E. Butterworth Jr., eds., (Marcel
Dekker, Inc., New York, NY), pp. v - vii.
285. Ames, B. N. and Gold, L. S. (1991) Natural Chemicals, Synthetic Chemicals, Risk
Assessment, and Cancer. In: Xenobiotics and Cancer: Implications of Chemical
Carcinogenesis and Cancer Chemotherapy, L. Ernster et al. eds. Proceedings of
International Symposium of the Princess Takamatsu Cancer Research Fund, Japan Sci.
Soc. Press, Tokyo (Taylor and Francis, London, England), pp. 303-314.
286. Ames, B. N. and Gold, L. S. (1991) Endogenous Mutagens and the Causes of Aging and
Cancer. Mutat. Res. 250, 3-16.
287. Fraga, C. G., Motchnik, P. A., Shigenaga, M. K., Helbock, H. J., Jacob, R. and Ames, B.
N. (1991) Ascorbic Acid Protects Against Endogenous Oxidative DNA Damage in
Human Sperm. Proc. Natl. Acad. Sci. USA 88, 11003-11006.
287a. Stocker, R. and Frei, B. (1991) Endogenous Antioxidant Defenses in Human Blood
Plasma. In: Oxidative Stress: Oxidants and Antioxidants, H. Sies, ed. (Academic Press,
Orlando, FL), 213-243.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

204

288. Jacob, R. A., Kelley, D. S., Pianalto, F. S., Swendseid, M. E., Henning, S. M., Zhang, J.
Z., Ames, B. N., Fraga, C. G. and Peters, J. H. (1991) Immunocompetence and Oxidant
Defense During Ascorbate Depletion of Healthy Men. Am. J. Clin. Nutr. 54, 1302S1309S.
289. Ames, B. N. and Gold, L. S. (1991) Mitogenesis, Mutagenesis, and Rodent Cancer Tests.
In: Origins of Human Cancer. J Brugge, T. Curran, E. Harlow, F. McCormick, eds.
CSHL Symposium on the Origins of Human Cancer, (Cold Spring Harbor Press, Cold
Spring Harbor, NY), pp. 125-135.
290. Gold, L. S., Slone, T. H., Manley, N. B., Garfinkel, G. F., Hudes, E. S., Rohrbach, L. and
Ames, B. N. (1991) The Carcinogenic Potency Database: Analyses of 4000 Chronic
Animal Cancer Experiments Published in the General Literature and by the U. S.
National Cancer Institute/ National Toxicology Program. Conference on Data Bases of
Genotoxicity and Carcinogenicity and their Usefulness for Hazard Evaluations, held in
Genova, Italy, January 1991. Environ. Health Perspect. 96, 11-15.
291. Ames, B. N. and Gold, L. S. (1991) Misconceptions on Pollution and the Causes of
Cancer. L'actualité chimique, pp. 391-402. [Reprint of #265]
292. Ames, B. N., Shigenaga, M. K. and Park. E.M. (1991) DNA Damage by Endogenous
Oxidants as a Cause of Aging and Cancer. In: Oxidative Damage and Repair: Clinical,
Biological, and Medical Aspects., Kelvin J.A. Davies, ed. (Proceedings of the
International Society for Free Radical Research, November 14-20, 1990), (Pergamon
Press Inc., New York, NY), pp. 181-187.
292*. Ames. B. N. (1991) Diet and the Causes of Cancer and Aging. In: The Future of
Mankind and Earth, (Proceedings of the NODAI International Symposium 1991), pp.
165-187.
292a. Reznick, A. Z., Cross, C. E., Hu, M. L., Suzuki, Y. J., Khwaja, S., Safadi, A., Motchnik,
P. A., Packer, L. and Halliwell, B. (1991) Modification of Plasma Proteins by Cigarette
Smoke as Measured by Protein Carbonyl Formation. Biochem. J. 286, 607-611.
1992
293. Tartaglia, L. A., Gimeno, C. J., Storz, G. and Ames, B. N. (1992) Multidegenerate DNA
Recognition by the oxyR Transcriptional Regulator. J. Biol. Chem. 267, 2038-2045.
294. Ames, B. N. (1992) Keynote Address: Pollution, Pesticides, and Cancer. 105th
International meeting of AOAC held in Phoenix, Arizona, August 12-15. Assoc. Off.
Anal. Chem. 75, 1-5.
295. Cross, C. E., Motchnik, P. A., Bruener, B. A., Jones, D. A., Kau, H., Ames, B. N. and
Halliwell, B. (1992) Oxidative Damage to Plasma Constituents by Ozone. FEBS 298,
269-272.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

205

296. Park, E.-M., Shigenaga, M. K., Degan, P., Korn, T. S., Kitzler, J. W., Wehr, C. M.,
Kolachana, P. and Ames, B. N. (1992) The Assay of Excised Oxidative DNA Lesions:
Isolation of 8-oxoguanine and its Nucleoside Derivatives from Biological Fluids with a
Monoclonal Antibody Column. Proc. Natl. Acad. Sci. USA 89, 3375-3379.
297. Wagner, J. R., Hu, C-C. and Ames, B. N. (1992) Endogenous Oxidative Damage of
Deoxycytidine in DNA. Proc. Natl. Acad. Sci. USA 89, 3380-3384.
298. Ames, B. N. and Gold, L. S. (1992) Animal Cancer Tests and the Prevention of Cancer.
(Proceedings of the International Council for Coordinating Cancer Research Conference,
Monographs #12), J. Natl. Cancer Inst., pp. 125-132.
299. Ames, B. N. and Shigenaga, M. K. (1992) DNA Damage by Endogenous Oxidants and
Mitogenesis as Causes of Aging and Cancer. In: Molecular Biology of Free Radical
Scavenging Systems, J. Scandalios, ed. (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY), pp. 1-22.
300. Ames, B. N. and Gold, L. S. (1992) Too Many Rodent Carcinogens: Mitogenesis
Increases Mutagenesis. In: Rational Readings on Environmental Concerns. Jay H. Lehr,
ed. (Van Nostrand Reinhold Publishers, New York, NY), pp. 181-186. [Reprint of #257]
301. Frei, B., Stocker, R. and Ames, B. N. (1992) Small Molecule Antioxidant Defenses in
Human Extracellular Fluids. In: Molecular Biology of Free Radical Scavenging
Systems, J. Scandalios, ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY), pp. 23-45.
302. Ames, B. N. and Profet, M. (1992) Guest editorial: Nature's Pesticides. Natural Toxins 1,
pp. 2-3.
303. Kitzler, J. W., Farr, S. B. and Ames, B. N. (1992) Intracellular Functions of AlnA:
Prokaryotes. In: Ap4A and Other Dinucleoside Polyphosphates, A. G. McLennan, ed.
(CRC Press, Inc., London, England), pp. 135-149.
304. Gold, L. S., Slone, T. H., Stern, B. R., Manley, N. B. and Ames, B. N. (1992) Rodent
Carcinogens: Setting Priorities. Science 258, 261-265.
305. Youngman, L. D., Park, J-Y. K. and Ames, B. N. (1992) Protein Oxidation Associated
With Aging is Reduced by Dietary Restriction of Protein or Calories. Proc. Natl. Acad.
Sci. USA 89, 9112-9116.
305a. Reznick, A., Cross, C., Hu, M-L., Suzuki, Y., Khwaja, S., Safadi, A., Motchnik, P.,
Packer, L., Halliwell, B. (1992) Modification of Plasma Proteins by Cigarette Smoke as
Measured by Protein Carbonyl Formation. Biochem. J. (1992) 286, 607-611.
306. Ames, B. N. (1992) Human Cancer: Are Pesticides Responsible. Proc. Western Soc.
Weed Sci. 45, 15-20. [Reprint of #294]

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

206

307. Ames, B. N. and Shigenaga, M. K. (1992) Oxidants are a Major Contributor to Aging.
In: Ann. N.Y. Acad. Sci. C. Franceschi, G. Crepaldi, V. J. Cristofalo, L. Masotti and J.
Vijg, eds. (The New York Academy of Sciences, New York, NY), Vol. 663, pp. 85-96.
308. Ames, B. N. (1992) New Views in Risk Assessment: The Case of Natural and Man
Made Carcinogens. In: Medizinische Informatik, Biometrie und Epidemiologie, W. van
Eimeren, K. Uberla and K. Ulm, eds. (Springer-Verlag, Berlin, Germany), pp. 24-31.
309. Gold, L. S., Manley, N. B. and Ames, B. N. (1992) Extrapolation of Carcinogenicity
Between Species: Qualitative and Quantitative Factors. Risk Anal. 12, 579-588.
1993
310. Helbock, H. J., Motchnik, P. A. and Ames, B. N. (1993) Toxic Hydroperoxides in
Intravenous Lipid Emulsions Used in Preterm Infants. Pediatrics 91, 83-87.
311. Gold, L. S., Slone, T. H., Stern, B. R., Manley, N. B. and Ames, B. N. (1993) Possible
Carcinogenic Hazards from Natural and Synthetic Chemicals: Setting Priorities. In:
Comparative Environmental Risk Assessment, C. R. Cotheren, ed. (Lewis Publishers,
Inc., Boca Raton, FL), pp. 210-235.
312. Frei, B. and Ames, B. N. (1993) Relative Importance of Vitamin E in Antiperoxidative
Defenses in Human Blood Plasma and Low Density Lipoprotein (LDL). In: Vitamin E
in Health and Disease, L. Packer and J. Fuchs, eds. (Marcel Dekker, Inc., New York,
NY), pp. 131-139.
313. Ames, B. N. and Gold, L. S. (1993) Environmental Pollution and Cancer: Some
Misconceptions. In: Phantom Risk: Scientific Inference and the Law. K.R. Foster, D.E.
Bernstein and P.W. Huber, eds. (MIT Press, Cambridge, MA), pp. 153-181.
314. Gold, L. S., Manley, N. B., Slone, T. H., Garfinkel, G. B., Rohrbach, L. and Ames, B. N.
(1993) The Fifth Plot of the Carcinogenic Potency Database: Results of Animal
Bioassays Published in the General Literature through 1988 and by the National
Toxicology Program through 1989. Environ. Health Perspect. 100, 65-135.
315. Ames, B. N. and Shigenaga, M. K. (1993) Oxidants are a Major Contributor to Cancer
and Aging. In: DNA and Free Radicals, B. Halliwell and O. Aruoma, eds. (Ellis
Horwood Ltd., London, England), pp. 1-15.
315a. Hu, M-L., Louie, S., Cross, C. E., Motchnik, P. and Halliwell, B. (1993) Antioxidant
Protection Against Hypochlorous Acid in Human Plasma. J. Lab. Clin. Med. 121, 257262.
316. Olin, K. L., Shigenaga, M. K., Ames, B. N., Golub, M. S., Gershwin, M. E., Hendrickx,
A. G. and Keen, C. L. (1993) Maternal Dietary Zinc Influences DNA Strand Break and 8Hydroxy-2'-Deoxyguanosine Levels in Infant Rhesus Monkey Liver. Proc. Soc. Exp.
Biol. Med. 203, 461-466.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

207

317. Ames, B. N., Shigenaga, M. K. and Hagen, T. M. (1993) Oxidants, Antioxidants, and the
Degenerative Diseases of Aging. Proc. Natl. Acad. Sci. USA 90, 7915-7922.
318. Wagner, R., Motchnik, P. A., Stocker, R., Sies, H. and Ames, B. N. (1993) The Oxidation
of Blood Plasma and LDL Components by Chemically Generated Singlet Oxygen. J.
Biol. Chem. 268, 18502-18506.
319. Viguie, C. A., Frei, B., Shigenaga, M. K., Ames, B. N., Packer, L. and Brooks, G. A.
(1993) Antioxidant Status and Indexes of Oxidative Stress During Consecutive Days of
Exercise. J. Appl. Physiol. 75, 566-572.
319a. Beckman, K. B., Smith, M. F. and Orrego, C. (1993) Purification of Mitochondrial DNA
with Wizard Minipreps DNA Purification System. Promega Notes 43, 10-13.
[Newsletter]
319b. Youngman, L. D. (1993) Protein Restriction (PR) and Caloric Restriction (CR)
Compared: Effects on DNA Damage, Carcinogenesis, and Oxidative Damage. Mutat.
Res. 295, 165-179.
320. Blount, B. C. and Ames, B. N. (1993) Development of a Sensitive Assay for Detection of
Uracil in DNA. Adv. Exp. Med. Biol. 338, 741-744.
321. Ames, B. N., Shigenaga, M. K. and Gold, L. S. (1993) DNA Lesions, Inducible DNA
Repair, and Cell Division: Three Key Factors in Mutagenesis and Carcinogenesis.
Environ. Health Perspect. 101 (Suppl. 5), 35-44.
322. Shigenaga, M. K. and Ames, B. N. (1993) Oxidants and Mitogenesis as Causes of
Mutation and Cancer: The Influence of Diet. In: Antimutagenesis and
Anticarcinogenesis Mechanisms III, G. Bronzetti, H. Hayatsu, S. DeFlora, M. D. Waters
and D. M. Shankel, eds. Proceedings of the Third International Conference on
Mechanisms of Antimutagenesis and Anticarcinogenesis held in Lucca, Italy, May 1991
(Plenum Press, New York, NY), pp. 419-436.
322*. Ames, BN and Jukes, T (1993) Book Review: 'Silent Spring' by Rachel Carson 1962 In:
Know Thy Enemy. Reason online http://reason.com/bookissue93.shtml#BA
1994
323. Tribble, D. L., van den Berg, J. J. M., Motchnik, P. A., Ames, B. N., Lewis, D. M., Chait,
A. and Krauss, R. M. (1994) Oxidative Susceptibility of Low Density Lipoprotein
Subfractions is Related to their Ubiquinol-10 and a-Tocopherol Content. Proc. Natl.
Acad. Sci. USA 91, 1183-1187.
324. Ames, B. N. (1994) The Assay of Endogenous Oxidative DNA Damage as Related to
Aging. In: Practical Handbook of Human Biologic Age Determination, A. K. Balin, ed.
(CRC Press, Inc., Boca Raton, FL), pp. 397-405.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

208

325. Chen, Q. and Ames, B. N. (1994) Senescence-Like Growth Arrest Induced by Hydrogen
Peroxide in Human Diploid Fibroblast F65 Cells. Proc. Natl. Acad. Sci. USA 91, 41304134.
326. Blount, B. C. and Ames, B. N. (1994) Analysis of Uracil in DNA by Gas
Chromatography-Mass Spectrometry. Anal. Biochem. 219, 195-200.
327. Douki, T. and Ames, B. N. (1994) An HPLC-EC Assay for 1,N2-Propano Adducts of 2'
Deoxyguanosine with 4-Hydroxynonenal and other alpha, beta -Unsaturated Aldehydes.
Chem. Res. Toxicol. 7, 511-518.
328. Fleming, S. E., Youngman, L. D. and Ames, B. N. (1994) Intestinal Cell Proliferation is
Influenced by Intakes of Protein and Energy, Aflatoxin and Whole Body Radiation.
Nutr. Cancer 22, 11-30.
329. Yeo, H. C., Helbock, H. J., Chyu, D. W. and Ames, B. N. (1994) Assay of
Malondialdehyde in Biological Fluids by Gas Chromatography-Mass Spectrometry.
Anal. Biochem. 220, 391-396.
330. Gold, L. S., Slone, T. H., Manley, N. B. and Ames, B. N. (1994) Heterocyclic Amines
Formed By Cooking Food: Comparison of Bioassay Results with Other Chemicals in the
Carcinogenic Potency Database. Cancer Lett. 83, 21-29.
331. Ames, B. N., Shigenaga, M. K. and Hagen, T. M. (1994) Oxidants, Antioxidants, and the
Degenerative Diseases of Aging. In: Biological Oxidants and Antioxidants, L. Packer
and E. Cadenas, eds. (Hippokrates Verlag, Stuttgart, Germany), pp. 193-212.
332. Cadet, J., Ravanat, J. L., Buchko, G. W., Yeo, H. C. and Ames, B. N. (1994) Singlet
Oxygen DNA Damage: Chromatographic and Mass Spectrometric Analysis of Damage
Products. In: Methods in Enzymology: Oxygen Radicals in Biological Systems, Part D,
L. Packer, ed. (Academic Press, San Diego, CA), Vol. 234, pp. 79-88.
333. Motchnik, P. A., Frei, B. and Ames, B. N. (1994) Measurement of Antioxidants in
Human Blood Plasma. In: Methods in Enzymology: Oxygen Radicals in Biological
Systems, Part D, L. Packer, ed. (Academic Press, San Diego, CA), Vol. 234, pp. 269-279.
334. Shigenaga, M. K., Aboujaoude, E. N., Chen, Q. and Ames, B. N. (1994) Assays of
Oxidative DNA Damage Biomarkers 8-Oxo-2'-deoxyguanosine and 8-Oxoguanine in
Nuclear DNA and Biological Fluids by High-Performance Liquid Chromatography with
Electrochemical Detection. In: Methods in Enzymology: Oxygen Radicals in Biological
Systems, Part D, L. Packer, ed. (Academic Press, San Diego, CA), Vol. 234, 16-33.
335. Ames, B. N. (1994) Foreword. In: Natural Antioxidants in Human Health and Disease,
B. Frei, ed. (Academic Press, San Diego, CA), pp. xix-xxv.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

209

336. Shigenaga, M. K. and Ames, B. N. (1994) Oxidants and Mitochondrial Decay in Aging.
In: Natural Antioxidants in Human Health and Disease, B. Frei, ed. (Academic Press,
San Diego, CA), pp. 63-106.
337. Sanchez-Ramos, J. R., Övervik, E. and Ames, B. N. (1994) A Marker of OxyradicalMediated DNA Damage (8-Hydroxy-2'Deoxyguanosine) is Increased in Nigro-Striatum
of Parkinson's Disease Brain. Neurodegeneration 3, 197-204.
338. Shigenaga, M. K., Hagen, T. M. and Ames, B. N. (1994) Oxidative Damage and
Mitochondrial Decay in Aging. Proc. Natl. Acad. Sci. USA 91, 10771-10778.
339. Gee, P., Maron, D. M. and Ames, B. N. (1994) Detection and Classification of Mutagens:
A Set of Base-Specific Salmonella Tester Strains. Proc. Natl. Acad. Sci. USA 91, 1160611610.
340. Hagen, T. M., Huang, S., Curnutte, J., Fowler, P., Martinez, V., Wehr, C. M., Ames, B.
N. and Chisari, F. V. (1994) Extensive Oxidative DNA Damage in Hepatocytes of
Transgenic Mice with Chronic Active Hepatitis Destined to Develop Hepatocellular
Carcinoma. Proc. Natl. Acad. Sci. USA 91, 12808-12812.
341. Ames, B. N., Motchnik, P. A., Fraga, C. G., Shigenaga, M. K. and Hagen, T. M. (1994)
Antioxidant Prevention of Birth Defects and Cancer. In: Male-Mediated Developmental
Toxicity, D.R. Mattison and A. Olshan, eds. (Plenum Publishing Corp. New York, NY),
pp. 243-260.
342. Youngman, L. D., Shigenaga, M. K., Motchnik, P. and Ames, B. N. (1994) Effects of a
Peroxisomal Proliferator (PP) on Plasma and Tissue Levels of Coenzyme Q9 (CoQ),
Other Antioxidants, and Oxidative Damage to DNA (oxo8dG): Evidence that PP's
Deplete Antioxidants and Increase Oxidative Damage to DNA. Molec. Aspects Med.15,
S131-141.
1995
343. Ames, B. N. and Gold, L. S. (1995) The Causes and Prevention of Cancer: The Role of
Environment. In: The True State of the Planet, Ronald Bailey, ed. (The Free Press, New
York, NY), pp. 141-175.
344. Helbock, H. J. and Ames, B. N. (1995) Use of Intravenous Lipids in Neonates (editorial).
J. Pediatrics 126, 747-748.
345. Chen, Q., Fischer, A., Reagan, J. D., Yan, L.-J. and Ames, B. N. (1995) Oxidative DNA
Damage and Senescence of Human Diploid Fibroblast Cells. Proc. Natl. Acad. Sci. USA
92, 4337-4341.
346. Ames, B. N., Gold, L. S. and Willett, W. C. (1995) The Causes and Prevention of Cancer.
Proc. Natl. Acad. Sci. USA 92, 5258-5265.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

210

347. Ames, B. N., Shigenaga, M. K., and Hagen, T. M. (1995) Mitochondrial Decay in Aging.
Biochim. Biophys. Acta 1271, 165-170.
348.

Ames, B. N. (1995) Understanding the Causes of Aging of Cancer. Microbiologia SEM
11, 305-308.

349.

Ames, B. N. (1995) Pesticides, Cancer, and Misconceptions. In: The State of Humanity,
J. L. Simon, ed. (Blackwell, Cambridge, MA), pp. 588-594.

350.

Blount, B. C. and Ames, B. N. (1995) DNA Damage in Folate Deficiency. In: Clinical
Haematology: Megaloblastic Anaemia, S. N. Wickramasinghe, ed. (Baillière Tindall,
London), pp. 461-478.

351.

Gold, L. S., Manley, N. B., Slone, T. H., Garfinkel, G. B., Ames, B. N., Rohrbach, L.,
Stern, B. R. and Chow, K. (1995) Sixth Plot of the Carcinogenic Potency Database:
Results of Animal Bioassays Published in the General Literature 1989 to 1990 and by the
National Toxicology Program 1990 to 1993. Environ. Health. Perspect. 103(Suppl 8), 3122.

351a. Taylor, A., Lipman, R. D., Jahngen-Hodge, J., Palmer, V., Smith, D., Padhye, N., Dallal,
G. E., Cyr, D. E., Laxman, E., Shepard, D., Morrow, F., Salomon, R., Perrone, G.,
Asmundsson, G., Meydani, M., Blumberg, J., Mune, M., Harrison, D. E., Archer, J. R.
and Shigenaga, M. (1996) Dietary calorie restriction in the Emory mouse: effects on
lifespan, eye lens cataract prevalence and progression, levels of ascorbate, glutathione,
glucose, and glycohemoglobin, tail collagen breaktime, DNA and RNA oxidation, skin
integrity, fecundity, and cancer. Mech. Ageing Dev. 79:33-57.
1996
352.

Helbock, H. J., Thompson, J., Yeo, H. and Ames, B. N. (1996) N2-Methyl-8Oxoguanine: A tRNA Urinary Metabolites; Role of Xanthine Oxidase. Free Radic. Biol.
Med. 20, 475-481.

353.

Ames, B. N. and Gold, L. S. (1996) Mutagenesis and Carcinogenesis: Cell Division and
DNA Lesions are Key Factors in Mutagenesis, Carcinogenesis and Cancer Prevention.
In: Encyclopedia of Cancer, J. R. Bertino, ed. (Academic Press, Orlando, FL), vol. 2, pp.
1120-1128.

354.

Liu, J., Shigenaga, M. K., Yan, L. and Ames, B. N. (1996) Antioxidant Activity
Diethyldithiocarbamate. Free Radic. Res. 24, 461-472.

355.

Christen, S., Gee, P. and Ames, B. (1996) Mutagenicity of Nitric Oxide in a New Set of
Basepair-Specific Salmonella Tester Strains (TA7000 series). Methods Enzymol 269,
267-278.

356.

Fraga, C. G., Motchnik, P. A., Wyrobek, A. J., Rempel, D. M. and Ames, B. N. (1996)
Smoking and Low Antioxidant Levels Increase Oxidative Damage to Sperm DNA.
Mutat. Res. 351, 199-203.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

211

357.

Douki, T., Cadet, J. and Ames, B. N. (1996) An Adduct between Peroxynitrite and 2'Deoxyguanosine: 4,5-Dihydro-5-hydroxy-4-(nitrosooxy)-2'-deoxyguanosine. Chem.
Res. Toxicol. 9, 3-7.

358.

Beckman, K. B. and Ames, B. N. (1996) Detection and Quantification of Oxidative
Adducts of Mitochondrial DNA. Methods Enzymol. 264, 442-453.

359.

Ames, B. N. (1996) The Causes of Aging and Cancer: The Misinterpretation of Animal
Cancer Tests. Human Ecol. Risk Assess. 2, 6-9.

360.

Park, J-. Y., Shigenaga, M. K. and Ames, B. N. (1996) Induction of Cytochrome
P4501A1 by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or indolo(3,2-b)carbazole Is
Associated with Oxidative DNA Damage. Proc. Natl. Acad. Sci. USA 93 (6), 2322-2327.

361.

Doniger, S., Liu, J., and Ames, B. N. (1996) Adrenalectomy and Oxidative Stress in Rat
Brain. Berkeley Scientific 1, 67-70.

362.

Ames, B. N. and Gold, L. S. (1996) The Causes and Prevention of Cancer: Gaining
Perspectives on Management of Risk. In: Improving Risk Management: From Science to
Policy, R. W. Hahn, ed. (Oxford University Press), pp. 4-45.

363.

Liu, J., Shigenaga, M. K., Mori, A. and Ames, B. N. (1996) Free Radicals and
Neurodegenerative Diseases: Stress and Oxidative Damage. In: Free Radicals in Brain
Physiology and Disorders, L. Packer, M. Hiramatsu, T. Yoshikawa, eds. (Academic
Press, San Diego, CA), pp. 403-435

364.

Ames, B. N. and Gold, L. S. (1996) The Causes and Prevention of Cancer: An Overview.
In: Accomplishments in Cancer Research, J. G. Fortner, P. A. Sharp, eds. (J. B.
Lippincott Company, Philadelphia, PA), pp. 70-91.

365.

Ames, B. N. and Gold, L. S. (1996) Reply to Farber (letter to editor). Cancer Research
56, 4267-4274.

366.

Ames, B. N. and Gold, L. S. (1996) The Rodent High-dose Cancer Test is Limited at
Best: When Cell Division is Ignored, then Risk Assessment will be Flawed. Belle
Newsletter 5, 4-7.

367.

Liu, J., Wang, X., Shigenaga, M. K., Yeo, H. C., Mori, A., and Ames, B. N. (1996)
Immobilization Stress Causes Oxidative Damage to Lipid, Protein, and DNA in the Brain
of Rats. FASEB J. 10, 1532-1538.

368.

Ames, B. N., Gold, L. S., and Shigenaga, M. K. (1996) Cancer Prevention, Rodent HighDose Cancer Tests and Risk Assessment. Risk Anal. 16, 613-617.

369.

Chen, Q., Marsh, J., Ames, B. N., and Mossman, B. (1996) Detection of 8-oxo-2'Deoxyguanosine, a Marker of Oxidative DNA Damage, in Culture Medium from Human
Mesothelial Cells Exposed to Crocidolite Asbestos. Carcinogenesis 17, 2525-2527.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

212

1997
370.

Beckman, K. B. and Ames, B.N. (1997) Oxidants, Antioxidants, and Aging. In:
Oxidative Stress and the Molecular Biology of Antioxidant Defenses, J. Scandalios, ed.
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY), pp. 201-246.

371.

Gold, L. S., Slone, T. H., Manley, N. B., Garfinkel, G. B., Rohrbach, L. and Ames, B. N.
(1997) The Carcinogenic Potency Database. In: Handbook of Carcinogenic Potency and
Genotoxicity Databases, L. S. Gold and E. Zeiger, eds. (CRC Press, Boca Raton, FL), pp.
1-605.

372.

Gold, L. S., Slone, T. H. and Ames, B. N. (1997) The Carcinogenic Potency Database by
Chemical. In: Handbook of Carcinogenic Potency and Genotoxicity Databases, L. S.
Gold and E. Zeiger, eds. (CRC Press, Boca Raton, FL), pp. 621-660.

373.

Gold, L. S., Slone, T. H. and Ames, B. N. (1997) Overview and Update Analyses of the
Carcinogenic Potency Database. In: Handbook of Carcinogenic Potency and
Genotoxicity Databases, L. S. Gold and E. Zeiger, eds. (CRC Press, Boca Raton, FL), pp.
661-685.

374.

Woodall, A. A. and Ames, B. N. (1997) Nutritional Prevention of DNA Damage to
Sperm and Consequent Risk Reduction in Birth Defects and Cancer in Offspring. In:
Preventive Nutrition, A. Bendich and R. Deckelbaum, eds. (The Humana Press, Inc.,
Totowa, NJ), pp. 373-385.

375.

Liu, J., Yeo, H. C., Doniger, S. J., and Ames, B. N. (1997) Assay of Aldehydes from
Lipid Peroxidation: Gas Chromatography-Mass Spectrometry Compared to Thibarbituric
Acid. Anal. Biochem., 245, 161-166.

376.

Blount, B. C., Mack, M. M., Wehr, C., MacGregor, J., Hiatt, R., Wang, G.,
Wickramasinghe, S. N., Everson, R. B. and Ames, B. N. (1997) Folate Deficiency
Causes Uracil Misincorporation into Human DNA and Chromosome Breakage:
Implications for Cancer and Neuronal Damage. Proc. Natl. Acad. Sci. USA 94, 32903295.

377.

Christen, S., Woodall, A. A., Shigenaga, M. K., Southwell-Keely, P. T., Duncan, M. W.
and Ames, B. N. (1997) g-Tocopherol Traps Mutagenic Electrophiles such as NOx and
Complements a-Tocopherol: Physiological Implications. Proc. Natl. Acad. Sci. USA 94,
3217-3222.

378.

Shigenaga, M. K., Lee, H., Blount, B., Christen, S., Shigeno, E. T., Yip, H. and Ames, B.
N. (1997) Inflammation and NOx-induced nitration: Assay for 3-nitrotyrosine by HPLC
with Electrochemical Detection. Proc. Natl. Acad. Sci. USA 94:, 3211-3216.

379.

Hagen, T. M., Yowe, D. L., Bartholomew, J. C., Wehr, C. M., Do, K. L., Park, J.-Y. and
Ames, B. N. (1997) Mitochondrial Decay in Hepatocytes from Old Rats: Membrane

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

213

Potential Declines, Heterogeneity and Oxidants Increase. Proc. Natl. Acad. Sci. USA 94,
3064-3069.
380.

Woodall, A. A. and Ames, B. N. (1997) Diet and Oxidative Damage to DNA: The
Importance of Ascorbate as an Antioxidant. In: Vitamin C in Health and Disease, L.
Packer, ed. (Marcel Dekker, Inc., New York), pp. 193-203.

381.

Ames, B. N. and Gold, L. S. (1997) Environmental Pollution, Pesticides, and the
Prevention of Cancer: Misconceptions. FASEB J. 11, 1041-1052.

382.

Koury, M. J., Horne, D. W., Brown, Z. A., Pietenpol, J. A., Blount, B. C., Ames, B. N.,
Hard, R. and Koury, S. T. (1997) Apoptosis of Late Stage Erythroblasts in Megaloblastic
Anemia: The Association with DNA Damage and Macrocyte Production, Blood 89,
4617-4623.

383.

MacGregor, J. T., Wehr, C. M., Hiatt, R. A., Peters, B., Tucker, J. D., Langlois, R.,
Jacob, R. A., Jensen, R. H., Yager, J. W., Shigenaga, M. K., Frei, B., Eynon, B. P. and
Ames, B. N. (1997) "Spontaneous" Genetic Damage in Man: Evaluation of
Interindividual Variability, Relationship Among Markers of Damage, and Influence of
Nutritional Status. Mutat. Res. 377, 125-135.

384.

Ames, B. N. and Gold, L. S. (1997) The Causes and Prevention of Cancer: Gaining
Perspective. Environ. Health Perspect. 105(Suppl 4), 865-873.

385.

Beckman, K. B. and Ames, B. N. (1997) Oxidative Decay of DNA, J. Biol. Chem. 272,
19633-19636.

386.

Ames, B. N. and Gold, L. S. (1997) Pollution, Pesticides, and Cancer: Misconceptions.
In: What Risk?: Science, Politics and Public Health, R. Bate, ed. (Butterworth
Heinemann, Oxford), pp. 173-190.

387.

Gold, L. S., Stern, B. R., Slone, T. H., Brown, J. P., Manley, N. B. and Ames, B. N.
(1997) Pesticide Residues in Food: Investigation of Disparities in Cancer Risk Estimates.
Cancer Lett. 117, 195-207.

388.

Ames, B.N. (1997) Il Mito del Rischio Zero. Biblioteca della libertá 139, 17-23.

389.

Gold, L. S., Slone, T. H., and Ames, B. N. (1997) Prioritization of Possible Carcinogenic
Hazards in Food. In: Food Chemical Risk Analysis, D. Tennant, ed. (Blackie Academic
& Professional, London), pp. 267-295.

1998
390.

Ames, B. N. and Gold, L. S. (1998) Misconceptions About Environmental Pollution,
Pesticides and the Causes of Cancer. National Center for Policy Analysis, Dallas, Texas,
NCPA Policy Report No. 214, March 1998.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

214

391.

Yeo, H. C., Helbock, H. J. and Ames, B. N. (1998) Toxic Carbonyl Compound. In:
Chromatographic Analysis of Environmental and Food Toxicants, T. Shibamoto, ed.
(Marcel Dekker, NY), pp. 289-322.

392.

Ames, B. N., Gold, L. S. and Willett, W. C. (1998) Neoplasie: Cause e Prevenzione. In:
Enciclopedia Del Novecento, (Istituto dell'Enciclopedia Italiana), pp. 341-350. [reprint of
#346]

393.

Liu, J., Yokoi, I., Doniger, S. J., Kabuto, H., Mori, A. and Ames, B. N. (1998)
Adrenalectomy Causes Oxidative Damage and Monoamine Increase in the Brain of Rats
and Enhance Immobilization Stress-Induced Oxidative Damage and Neurotransmitter
Changes, Int. J. Stress. Manag. 5, 39-55.

394.

Beckman, K. B. and Ames, B. N. (1998) The Free Radical Theory of Aging Matures.
Physiol. Rev. 78, 547-581.

395.

Chen, Q. M., Bartholomew, J. C., Campisi, J., Acosta, M., Reagan, J. D., and Ames, B.
N. (1998) Molecular Analysis of H2O2-induced Senescent-like Growth Arrest in Normal
Human Fibroblasts: p53 and Rb control G1 Arrest but Not Cell Replication. Biochem. J.
332, 43-50.

396.

Ames, B. N. and Gold, L. S. (1998) The Prevention of Cancer. Drug Metab. Rev. 30,
203-225.

397.

Gold, L. S., Slone, T. H. and Ames, B. N. (1998) What do Animal Cancer Tests Tell Us
About Human Cancer Risk?: Overview of Analyses of the Carcinogenic Potency
Database. Drug Metab. Rev. 30, 359-404.

398.

Yowe, D. L. and Ames, B. N. (1998) Quantitation of Age-related Mitochondrial DNA
Deletions in Rat Tissues Shows their Pattern of Accumulation Differs from that of
Humans. Gene 209, 23-30.

399.

Ames, B. N. (1998) Nutrition and the Degenerative Diseases of Aging. In: From
Nutritional Science to Nutrition Practice for Better Global Health. Proceedings of the
16th International Congress of Nutrition 1997 Jul 27-Aug 1 ; Montreal, Canada (Canadian
Federation of Biological Societies, Ontario, Canada, pp. 225-227.

400.

Ames, B. N. (1998) Micronutrients Prevent Cancer and Delay Aging. Toxicol. Lett. 102,
5-18.

401.

Helbock, H. J., Beckman, K. B., Walter, P., Shigenaga, M. K., Woodall, A. A., Yeo, H.
C. and Ames, B. N. (1998) DNA Oxidation Matters: The HPLC-electrochemical
Detection Assay of 8-oxo-deoxyguanosine and 8-oxo-guanine. Proc. Natl. Acad. Sci.
USA 95, 288-293.

402.

Ames, B. N. and Gold, L. S. (1998) The Rodent High-Dose Cancer Test is Limited at
Best: When Cell Division is Ignored, then Risk Assessment will be Flawed. Comments
Toxicol. 6, 271-276.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

215

403.

Beckman, K. B. and Ames, B. N. (1998) Mitochondrial Aging: Open Questions. In:
Towards Prolongation of the Healthy Life Span: Practical Approaches to Intervention,
D. Harman, R. Holliday, M. Meydani, eds. (New York Acad Sci, New York, NY), vol.
854, pp. 118-127.

404.

Beckman, K.B. and Ames, B.N. (1998) Oxidative DNA Damage: Assessing its Role in
Cancer and Aging. In: DNA & Free Radicals: Techniques, Mechanisms and
Applications, O.I. Aruoma and B. Halliwell, eds. (OICA International, St. Lucia, West
Indies), pp. 119-129.

405.

Lykkesfeldt, J., Hagen, T. M., Vinarsky, V., and Ames, B. N. (1998) Age-associated
Decline in Ascorbic Acid Concentration, Recycling and Biosynthesis in Rat Hepatocytes
— Reversal with (R)- -Lipoic Acid Supplementation. FASEB J.12, 1183-1189.

406.

Hagen, T. M., Wehr, C. M., and Ames, B. N. (1998) Mitochondrial Decay in Aging:
Reversal through Dietary Supplementation of Acetyl-L-Carnitine and N-tert-Butyl- Phenyl-Nitrone. In: Towards Prolongation of the Healthy Life Span: Practical
Approaches to Intervention, D. Harman, R. Holliday, M. Meydani, eds. (New York Acad
Sci, New York, NY), vol. 854, pp. 214-223.

407.

Ames, B. N. and Gold, L. S. (1998) The Causes and Prevention of Cancer: The Role of
Environment. Biotherapy 11, 205-220.

408.

Hagen, T. M., Ingersoll, R. T., Wehr, C. M., Lykkesfeldt, J., Vinarsky, V., Bartholomew,
J. C., Song, M.H. and Ames, B. N. (1998) Acetyl-L-Carnitine Fed to Old Rats Partially
Restores Mitochondrial Function and Ambulatory Activity. Proc. Natl. Acad. Sci. USA
95, 9562-9566.

1999
409.

Lykkesfeldt, J. and Ames, B.N. (1999) Ascorbic Acid Recycling in Rat Hepatocytes as a
Measurement of Antioxidant Capacity: Decline with Age. In: Methods in Enzymology,
L. Packer, ed. (Academic Press, San Diego, Ca), vol. 299, pp. 83-87.

410.

Ames, B.N. and Gold, L.S. (1999) The Prevention of Cancer. In: Functional Foods for
Disease Prevention I: Fruits, Vegetables, and Teas, T. Shibamoto, J. Terao, and T.
Osawa, eds. (American Chemical Society, Washington, D.C.) pp. 2-15.

411.

Yeo, H. C., Liu, J. K., Helbock, H. J. and Ames, B. N. (1999) Assay of Malondialdehyde
and Other Alkanals in Biological Fluids by Gas Chromatography - Mass Spectrometry.
In: Nitric Oxide, Part C: Biological and Antioxidant Activities - Methods in Enzymology,
L. Packer, ed. (Academic Press, San Diego, CA), vol. 300, pp. 70-78.

412.

Helbock, H. J., Beckman, K B., and Ames, B. N. (1999) 8-Hydroxydeoxyguanosine and
8-Hydroxyguanine as Biomarkers of Oxidative DNA Damage. In Oxidants and
Antioxidants -Methods in Enzymology, L. Packer, ed. (Academic Press, San Diego, CA),
vol. 300, pp. 156-166.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

216

413.

Christen, S., Hagen, T.M., Shigenaga, M.K., and Ames, B.N. (1999) Chronic
Inflammation, Mutation and Cancer. In: Microbes and Malignancy: Infection as a
Cause of Cancer, J. Parsonnet and S. Horning, eds. (Oxford University Press, New
York), pp. 35- 88.

414.

Walter, P. B., Beckman, K. B. and Ames, B. N. (1999) The Role of Iron and
Mitochondria in Aging. In: Understanding the Process of Aging; Mitochondria,
Oxidants, and Aging, E. Cadenas and L. Packer, eds. (Marcel Dekker, Inc., New York),
pp. 203-227.

415.

Beckman, K. B. and Ames, B. N. (1999) Endogenous Oxidative Damage of mtDNA.
Mutat. Res. 424, 51-58.

416.

Hagen, T. M., Ingersoll, R. T., Liu, J., Lykkesfeldt, J., Wehr, C. M., Vinarsky, V.,
Bartholomew, J. C. and Ames, B. N. (1999) (R)- -Lipoic Acid-Supplemented Old Rats
Have Improved Mitochondrial Function, Decreased Oxidative Damage, and Increased
Metabolic Rate. FASEB J 13, 411-418.

417.

Ames, B. N. and Gold, L. S. (1999) [Foreword]. In: Toxicology, H. Marquardt, S.
Schäfer, R. O. McClellan, F. Welsch, eds. (Academic Press, San Diego, CA), pp. 1-7.

418.

Ames, B. N. (1999) Micronutrient Deficiencies: A Major Cause of DNA Damage. In:
Cancer Prevention: Novel Nutrient and Pharmaceutical Developments, H. L. Bradlow
and M. Osborne, eds. (New York Academy of Sciences, NY), vol. 889, pp. 87-106.

419.

Ames, B. N. (1999) Cancer Prevention and Diet: Help from SNPs [Commentary]. Proc.
Natl. Acad. Sci. U.S.A. 96, 12216-12218.

420.

Ames, B. N. (1999) Micronutrient Deficiencies Cause DNA Damage and Cancer. Food
Sci. Agric. Chem. J. 1, 1-15.

421.

Ames, B. N., and Gold. L. S. (1999) Neuf Idées Reçues Passées au Crible de la Science.
La Recherche, 47-53.

422.

Ames, B. N. (1999) [Book Review]. Reason: December 1999; p.21.

423.

Ames, B. N., and Gold, L. S. (1999) Pollution, Pesticides and Cancer Misconceptions.
In: Fearing Food: Risk, Health and Environment, J. Morris and R. Bate, eds.
(Butterworth-Heinemann, Oxford), pp. 19-37.

423a. Liu, J. and Mori, A. (1999) Stress, Aging, and Brain Oxidative Damage. Neurochem.
Res. 24, 1479-1497.
2000
424.

Beckman, K.B. and Ames B.N. (2000) Oxidants and aging. In: Handbook of Oxidants
and Antioxidants in Exercise, C.K. Sen, L. Packer, O.O.P. Hanninen, eds. (Elsevier,
Amsterdam), pp. 755-796.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

217

425.

Ames, B. N. and Gold, L. S. (2000) Paracelsus to Parascience: The Environmental
Cancer Distraction. Mutat. Res. 447, 3-13.

426.

Atamna, H., Cheung, I., and Ames, B. N. (2000) A Method for Detecting Abasic (AP)
Sites in Living Cells: Age-dependent Changes in Base Excision Repair. Proc. Natl.
Acad. Sci. U.S.A. 97, 686-691.

427.

Knutson, M. D, Walter, P. B., Ames, B. N., and Viteri, F. E. (2000) Both Iron
Deficiency and Daily Iron Supplements Increase Lipid Peroxidation in Rats. J. Nutr.
130, 621-628.

428.

Lykkesfeldt, J., Christen, S., Wallock, L. M., Chang, H. H., Jacob, R. A. and Ames, B. N.
(2000) Ascorbate is Depleted by Smoking and Repleted by Moderate Supplementation: A
Study in Male Smokers and Non-smokers with Matched Dietary Antioxidant Intakes.
AJCN 71, 530-536.

429.

Atamna, H., Paler-Martinez, A., and Ames, B. N. (2000) N-t-butyl Hydroxlamine, a
Hydrolysis Product of -phenyl-N-t-butyl Nitrone, is More Potent in Delaying
Senescence in Human Lung Fibroblasts. J. Biol. Chem. 275, 6741-6748.

430.

Ames, B. N. and Gold, L. S. (2000) Misconceptions about Environmental Pollution In:
The Standard Handbook of Environmental Science Health and Technology, J. Lehr, ed.
(McGraw-Hill, Inc.), chap. 21, p. 21.1 - 21.16.

431.

Higdon, J. V., Liu, J., Du, S.H., Morrow, J. D., Ames, B. N., and Wander, R. C. (2000)
Supplementation of Postmenopausal Women with Fish Oil Rich in Eicosapentaenoic
Acid and Docosahexaenoic Acid is Not Associated with Greater In Vivo Lipid
Peroxidation Compared with Oils Rich in Oleate and Linoleate as Assessed By Plasma
Malondialdehyde and F2-Isoprostanes. Am. J. Clin. Nutr. 72, 714-22.

432.

Liu, J., Yeo, H. C., Overvik-Douki, E., Hagen, T., Doniger, S. J., Chu, D. W., Brooks, G.
A., and Ames, B. N. (2000) Chronically and Acutely Exercised Rats: Biomarkers of
Oxidative Stress and Endogenous Antioxidants. J. Appl. Physiol. 89, 21-28.

433.

Hagen, T. M., Vinarsky, V., Wehr, C. M., and Ames, B. N. (2000) (R)-a-Lipoic Acid
Reverses the Age-Associated Increase in Susceptibility of Hepatocytes to tertButylhydroperoxide both In Vitro and In Vivo. Antiox. & Redox Signal. 2, 473-483.

434.

Soultanakis, R.P., Melamede, R.J., Bespalov, I.A., Wallace, S.S., Beckman, K.B., Ames,
B.N., Taatjies, D.J., and Janssen-Heininger, Y.M.W. (2000) Fluorescence Detection of
8-oxoguanine in Nuclear and Mitochondrial DNA of Cultured Cells Using a
Recombinant Fab and Confocal Scanning Laser Microscopy. Free Radic. Biol. Med. 28,
987-998.

435.

Jiang, Q., Elson-Schwab, I., Courtemanche, C. and Ames, B.N. (2000) g-Tocopherol
and its Major Metabolite, in Contrast to a-Tocopherol, Inhibit Cyclooxgenase Activity in
Macrophages and Epithelial Cells. Proc. Natl. Acad. Sci. U.S.A. 97, 11494-11499.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

218

436.

Beckman, K.B., Saljoughi, S., Mashiyama, S.T., and Ames, B.N. (2000) A Simpler,
More Robust Method for the Analysis of 8-Oxoguanine in DNA. Free Radic. Biol. Med.
29, 357-367.

437.

Gogvadze, V., Klein, S.D., Shigenaga, M., Ames, B.N., and Richter, C. (2000) Effect of
Ebselen on Ca2+ Transport in Mitochondria. Redox Report 5, 359-363.

2001
438.

Gold, L.S., Slone, T.H., and Ames, B.N. (2001) Natural and Synthetic Chemicals in the
Diet: A Critical Analysis of Possible Cancer Hazards. In: Issues in Environmental
Science and Technology: Food Safety and Food Quality, R.E. Hester & R.M. Harrison,
eds. (Royal Society of Chemistry, Cambridge, UK), No. 15, pp. 95-128.

439.

Ames, B.N. (2001) DNA Damage From Micronutrient Deficiencies is Likely to be a
Major Cause of Cancer. Mutat. Res. 475, 7-20.

440.

Gold, L.S., Slone, T. H., Ames, B. N., and Manley, N. B. (2001) Pesticide Residues in
Food and Cancer Risk: A Critical Analysis. In: Handbook of Pesticide Toxicology, R.
Krieger, ed. (Academic Press, San Diego, CA) 2nd ed., pp. 799-843.

441.

Crott, J.W., Mashiyama, S.T., Ames, B.N., and Fenech, M. (2001) The Effect of Folic
Acid Deficiency and MTHFR C677T Polymorphism on Chromosome Damage in Human
Lymphocytes in Vitro. Cancer Epidemiol. Biomarkers Prev. 10, 1089-1096.

442.

Mayr, C. A., Woodall, A. A. and Ames, B. N. (2001) DNA Damage to Sperm from
Micronutrient Deficiency May Increase the Risk of Birth Defects and Cancer in
Offspring. In: Preventive Nutrition: The Comprehensive Guide for Health
Professionals, A. Bendich and R. J. Deckelbaum, eds. (Humana Press, Inc., Totowa NJ),
p. 373-386.

443.

Crott, J.W., Mashiyama, S.T., Ames, B.N., and Fenech, M.F. (2001)
Methylenetetrahydrofolate Reductase C677t Polymorphism Does Not Alter Folic Acid
Deficiency-Induced Uracil Incorporation into Primary Human Lymphocyte DNA In
Vitro. Carcinogenesis 22, 1019-1025.

444.

Wallock, L.M., Tamura, T., Mayr, C.A., Johnston, K.E., Ames, B.N., and Jacob, R.A.
(2001) Low Seminal Plasma Folate Concentrations are Associated with Low Sperm
Density and Count in Male Smokers and Nonsmokers. Fertil. & Steril. 75, 252-259.

445.

Atamna, H., Robinson, C., Ingersoll, R., and Ames, B.N. (2001) N-t-Butyl
Hydroxylamine is an Antioxidant that Reverses Age-related Changes in Mitochondria In
Vivo and In Vitro. FASEB J. 15, 2196-2204.

446.

Jiang, Q., Christen, S., Shigenaga, M.K., and Ames, B.N. (2001) g-Tocopherol, the Major
Form of Vitamin E in the US Diet, Deserves More Attention. Am. J. Clin. Nutr.. 74, 714722.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

219

447.

Atamna, H., Liu, J. and B. N. Ames (2001) Heme Deficiency Selectively Interrupts
Assembly of Mitochondrial Complex IV in Human Fibroblasts: Relevance to Aging. J.
Biol. Chem. 276, 48410-48416.

448.

Girault, I., Karu, A.E., Schaper, M., Barcellos-Hoff, M.H., Hagen, T., Vogel, D.S., Ames,
B.N., Christen, S., and Shigenaga, M.K. (2001) Immunodetection of 3-nitrotyrosine in
the Liver of Zymosan-treated Rats with a New Monoclonal Antibody: Comparison to
Analysis by HPLC. Free Radic. Biol. Med. 31, 1375-1387.

448a. Liu, J., Wang, X., and Mori, A. (2001) Antioxidant Mechanism of the Anti-stress Effects
of Medicinal Herbs: A Biochemical, Pharmacological, and Toxicological Study. In:
Antioxidant Mechanism of Medicinal Herbs, A. Mori and T. Satoh, eds. (PJD
Publications, Ltd., Westbury, NY), pp. 355-386.
449.

Ames, B.N., Liu, J., and Atamna, H. (2001) Delaying Aging with Mitochondrial
Micronutrients and Antioxidants. The Scientific World Journal 1, 81-82SR.

2002
450.

Gogvadze, V., Walter, B., and Ames, B.N. (2002) Fe2+ Induces a Transient Ca2+
Release from Rat Liver Mitochondria. Arch. Biochem. Biophys. 398, 198-202.

451.

Walter, P.B., Knutson, M.D., Paler-Martinez, A., Lee, S., Xu, Y., Viteri, F.E., and Ames,
B.N. (2002) Iron Deficiency and Iron Excess Damage Mitochondria and Mitochondrial
DNA in Rats. Proc. Natl. Acad. Sci. U.S.A. 99, 2264-2269.

452.

Atamna, H., Walter, P.B., and Ames, B. N. (2002). The Role of Heme and Iron-Sulfur
Clusters in Mitochondrial Biogenesis, Maintenance, and Decay with Age. Arch. Biochem.
Biophys. 397, 345-353.

453.

Ames, B. N., Elson-Schwab, I., and Silver, E. (2002) High-dose vitamin therapy
stimulates variant enzymes with decreased coenzyme binding affinity (increased Km):
relevance to genetic disease and polymorphisms. Am J. Clin. Nutr. 75, 616-658.

454.

Liu, J., Head, E., Gharib, A.M., Yuan, W., Ingersoll, R.T. Hagen, T.M., Cotman, C.W.,
and Ames, B.N. (2002) Memory Loss in Old Rats is Associated with Brain Mitochondrial
Decay and RNA/DNA Oxidation: Partial Reversal by Feeding Acetyl-L-Carnitine and/or
R-a-Lipoic Acid. Proc. Natl. Acad. Sci. U.S.A. 99, 2356-2361.

455.

Hagen, T.M., Liu, J., Lykkesfeldt, J., Wehr, C.M., Ingersoll, R.T., Vinarsky, V.,
Bartholomew, J.C., and Ames, B.N. (2002) Feeding Acetyl-L-Carnitine and Lipoic Acid
to Old Rats Significantly Improves Metabolic Function while Decreasing Oxidative
Stress. Proc. Natl. Acad. Sci. U.S.A. 99, 1870-1875.

456.

Liu, J., Killilea, D.W., and Ames, B.N. (2002) Age-associated Mitochondrial Oxidative
Decay: Improvement of Carnitine Acetyltransferase Substrate Binding Affinity and

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

220

Activity in Brain by Feeding Old Rats Acetyl-L-Carnitine and/or R-a-Lipoic Acid. Proc.
Natl. Acad. Sci. U.S.A. 99, 1876-1881.
457.

Liu, L. Atamna, H., Kuratsune, H., and Ames, B.N. (2002) Delaying Brain Mitochondrial
Decay and Aging with Mitochondrial Antioxidants and Metabolites. Ann. N.Y. Acad. Sci.
959, 133-166.

458.

de Grey, A.B.D., Ames, B.N., Andersen, J.K., Bartke, A., Campisi, J., Heward, C.B.,
McCarter, R.J.M., and Stock, G. (2002) Time to Talk SENS: Critiquing the Immutability
of Human Aging. Ann. N.Y. Acad. Sci. 959, 452-462.

459.

Jiang, Q., Christen, S., Shigenaga, M.K., and Ames, B.N. (2002) g-Tocopherol: The
Neglected Form of Vitamin E: New Functions, New Interest. In: Oxidative Stress and
Aging: Advances in Basic Science, Diagnostics and Intervention, R. G. Cutler and H.
Rodriguez, eds. (World Scientific Publishing Co., River Edge, NJ), pp. 567-579.

460.

Gold, L.S., Slone, T.H., Manley, N.B., and Ames, B.N. (2002) Misconceptions about
Pollution, Pesticides, and the Prevention of Cancer. In: Human and Ecological Risk
Assessment: Theory and Practice, D. J. Paustenbach, ed. (John Wiley & Sons, New
York), pp. 1415-1460.

460a. Halsted, C.H., Villanueva, J.A., Devlin, A.M., Niemelä, O., Parkkila, S., Garrow, T.A.,
Wallock, L.M., Shigenaga, M.K., Melnyk, S., and James, S.J. (2002) Folate Deficiency
Disturbs Hepatic Methionine Metabolism and Promotes Liver Injury in the Ethanol-Fed
Micropig. Proc. Natl. Acad. Sci. U.S.A. 99, 10072-10077.
461.

Ames, B.N. (2002) The Causes and Prevention of Cancer: Do Federal Regulations Help?
Washington Roundtable on Science & Public Policy (George C. Marshall Institute,
Washington, D.C.).

462.

Bharat, S., Cochran, B.C., Hsu, M., Liu, J., Ames, B.N., and Andersen, J.K. (2002) Pretreatment with Lipoic Acid Alleviates the Effects of GSH Depletion in PC12 Cells:
Implications for Parkinson's Disease Therapy. Neurotoxicology 23, 479-486.

463.

Ames, B. N. and Wakimoto, P. (2002) Are Vitamin and Mineral Deficiencies a Major
Cancer Risk? Nat. Rev. Cancer 2, 694-704.

464.

Head, E., Liu, J., Hagen, T.M., Muggenburg, B.A., Milgram, N.W., Ames, B.N., and
Cotman, C.W. (2002) Oxidative Damage Increases with Age in a Canine Model of
Human Brain Aging. J. Neurochem. 82, 375-381.

465.

Jiang, Q., Lykkesfeldt, J., Shigenaga, M.K., Shigeno, E.T., Christen, S., and Ames, B.N.
(2002) g-Tocopherol Supplementation Inhibits Protein Nitration and Ascorbate Oxidation
in Rats with Inflammation. Free Radic. Biol. Med. 33, 1534-1542.

466.

Christen, S., Jiang, Q., Shigenaga, M.K., and Ames, B.N. (2002) Analysis of Plasma
Tocopherols a-, g-, and 5-Nitro-g-Tocopherol, in Rats with Inflammation by HPLC
Coulometric Detection. J. Lipid Res. 43, 1978-1985.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

221

467.

Atamna, H., Killilea, D.W., Killilea, A.N., and Ames, B.N. (2002) Heme Deficiency May
Be a Factor in the Mitochondrial and Neuronal Decay of Aging. Proc. Natl. Acad. Sci.
U.S.A. 99, 14807-14812.

468.

Ho, E., and Ames, B.N. (2002) Low intracellular zinc induces oxidative DNA damage,
disrupts p53, NF B and AP1 DNA Binding, and Affects DNA Repair in a Rat Glioma
Cell Line. Proc Natl Acad Sci U S A 99, 16770-16775.

469.

Gold, L.S., Slone, T.H., Manley, N.B., and Ames, B.N. (2002) Misconceptions About the
Causes of Cancer, The Fraser Institute, Vancouver, BC, Canada.

2003
470.

Ames, B.N. (2003) The Metabolic Tune Up: Metabolic Harmony and Disease
Prevention. J. Nutr., 133: 1544S-8S.

471.

Ames, B.N. (2003) Foreword. In: An Evidence-Based Approach to Vitamins and
Minerals: Health Benefits and Intake Recommendations. Higdon, J., ed., Thieme
Medical Publishers, New York, pp. 1-280.

472.

Jacob, R.A., Aiello, G.M., Stephensen, C.B., Blumberg, J.B., Milbury, P.E., Wallock,
L.M., and Ames, B.N. (2003) Moderate Antioxidant Supplementation has no Effect on
Biomarkers of Oxidant Damage in Healthy Men with Low Fruit and Vegetable Intakes.
J. Nutr., 133: 740-3.

473.

Jiang, Q. and Ames, B.N. (2003) g-Tocopherol, but not a-Tocopherol, Decreases Proinflammatory Eicosanoids and Inflammation Damage in Rats. FASEB J., 17: 816-22.

474.

Ames, B.N. An Enthusiasm for Metabolism. J. Biol. Chem., 278: 4369-80.
doi:10.1074/jbc.X200010200 [Reflections article]

475.

Gogvadze, V., Walter, P.B., and Ames, B.N. (2003) The Role of Fe2+-Induced Lipid
Peroxidation in the Initiation of the Mitochondrial Permeability Transition. Arch.
Biochem. Biophys, 414: 255-60.

476.

Ames, B.N., Liu, J., Atamna, H. and Hagen, T. (2003) Delaying the mitochondrial decay
of aging in the brain. Clin Neurosci Res., 2: 331-338.

477.

Ames, B.N. (2003) Review article: delaying the mitochondrial decay of aging—a
metabolic tune-up. Alzheimer Dis Assoc Disord., 17: 54S-7S.

478.

Killilea, D., Atamna, H., Liao, C. and Ames, B.N. (2003) Iron accumulation during
cellular senescence in human fibroblasts in vitro. Antioxid Redox Signal., 5:507-516.

479.

Ho, E., Courtemanche, C. and Ames, B.N. (2003) Zinc deficiency induces oxidative
DNA damage and increases P53 expression in human lung fibroblasts. J. Nutr., 133:
2543-2548

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

222

480.

Jiang, Q., Blount, B. and Ames, B.N. (2003) 5-chlorouracil, a marker of DNA
damage from hypochlorous acid during inflammation: a gas chromatography - mass
spectrometry assay. J Biol Chem., 278: 32834-40.

481.

Ames, B.N. and Gold, L.S. (2003) Cancer Prevention and the Environmental Chemical
Distraction. In: Politicizing Science: the Alchemy of Policymaking. Michael Gough ed.,
Hoover Institute Press, Stanford. pp 116-142.

Kern M, Juan F, Ochoa JD, Chiang YK, Liu J, Ames BN, Prager AJ (2003) Effects of Acetyl-LCarnitine and Lipoic Acid Supplementation on Physiologic and Psychological Factors in Older
Men [F-12L Free Communication/Poster Ergogenic Aids] Med Sci Sports & Exerc 35:S267.
Kern M, Juan F, Ochoa JD, Chiang YK, Liu J, Ames BN, Prager AJ (2004) Effects of Acetyl-LCarnitine and Lipoic Acid Supplementation on body composition, exercise parameters,
functional fitness and psychological general well-being (PGWB) in sedentary, older men [F-12L
Free Communication/Poster Ergogenic Aids] J Appl Physiol.
2004
482.

Courtemanche, C., Huang, A.C., Elson-Schwab, I., Kerry, N., Ng, B.Y. and Ames, B.N.
(2004) Folate deficiency and ionizing radiation cause DNA breaks in primary human
lymphocytes: a comparison. FASEB J 18:209-11. doi:10.1096/fj.03-0382fje

483.

Ames, B.N. (2004) A Role for Supplements in Optimizing Health: The Metabolic TuneUp. Arch Biochem Biophys., 423: 227-234.

484.

Ames, B.N. (2004) Mitochondrial Decay, A Major Cause of Aging, Can Be Delayed. J.
Alz. Dis., 6: 117-21.

485.

Mashiyama, S., Courtemanche, C., Elson-Schwab, I., Crott, J., Lan Lee, B., NamOng, C.,
Fenech, M. and Ames, B.N. (2004) Uracil in DNA, determined by an improved assay, is
increased when deoxynucleosides are added to folate-deficient cultured human
lymphocytes. Analytical Biochemistry. 330: 58-69.

486.

Killilea, D.W., Wong, S.L., Cahaya, H.S., Atamna, H., and Ames, B.N. (2004) Iron
Accumulation during Cellular Senescence. Ann NY Acad Sci 1019: 365-367.

487.

Ames, B.N. (2004) Delaying the Mitochondrial Decay of Aging. Ann NY Acad Sci 1019:
406-411.

488.

Ames, B.N. (2004) Supplements and Tuning Up Metabolism, J Nutr. 134:3164S-8S.

489.

Liu, J., Head, E., Kuratsune, H., Cotman, C.W. and Ames, B.N. (2004) Comparison of
the effects of L-carnitine and acetyl-L-carnitine on carnitine levels, ambulatory activity,
and oxidative stress biomarkers in the brain of old rats. Ann NY Acad Sci. 1033: 117131.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

223

490.

Ames, B.N. & Liu, J. (2004) Delaying the Mitochondrial Decay of Aging with Acetyl
Carnitine. Ann NY Acad Sci. 1033: 108-116.

491.

Courtemanche, C., Elson-Schwab, I., Mashiyama S.T., Kerry, N. and Ames B.N. (2004)
Folate deficiency inhibits the proliferation of primary human CD8+ T lymphocytes in
vitro. J Immunol. 173:3186-3192.

492.

Jiang, Q., Wong, J. and Ames, B.N. (2004) -Tocopherol induces apoptosis in androgenresponsive LNCaP prostate cancer cells via caspase dependent and independent
mechanism. Ann NY Acad Sci, 1031:399-400.

493.

Jiang, Q., Wong, J., Fyrst, H., Saba, J.D. and Ames, B.N. (2004) g-Tocopherol, or
Combinations of Vitamin E Forms, Induce Cell Death In Human Prostate Cancer Cells
By Interrupting Sphingolipid Synthesis. PNAS, 101: 17825-17830.

493a. Atamna, H. (2004) Review article: Heme, iron, and the mitochondrial decay of ageing.
Ageing Res Rev. 3: 303-318.
493b. Atamna, H. and Frey, W.H. (2004) A Role for Heme in Alzheimer's Disease: Heme
Binds Amyloid-b and has Altered Metabolism PNAS 101: 11153-58.
493c. Suh, J., Wang, H., Liu, R.M., Liu, J. and Hagen, T.M. (2004) (R)-a-Lipoic acid reverses
the age-related loss in GSH redox status in post-mitotic tissues: evidence for increased
cysteine requirement for GSH synthesis. Arch Biochem Biophys. 423:126-35.
493d. Zhang, X., Leung S-M, Morris, C.R., Shigenaga, M.K. (2004) Evaluation of a Novel,
Integrated Approach Using Fictionalized Magnetic Beads, Bench-Top MALDI-TOF-MS
with Prestructured Sample Supports, and Pattern Recognition Software for Profiling
Potential Biomarkers in Human Plasma. J Biomol Tech 15:167-75.
493e. Suh, J., Shenvi, S.V., Dixon, B.M., Liu, H., Jaiswal, A.K., Liu R-M, Hagen, T.M. (2004)
Decline in transcriptional activity of Nrf2 causes age-related loss of glutathione synthesis,
which is reversible with lipoic acid. PNAS 101: 3381-6.
493f. Cui X, Wang L, Zuo P, Han Z, Fang Z, Li W, Liu J (2004) D-Galactose-caused life
shortening in Drosophila melanogaster and Musca domestica is associated with oxidative
stress. Biogerontology 5:317-25.
2005
494.

Offer, T., Ho, E., Traber, M.G., Bruno, R.S., Kuypers, F.A., and Ames B.N. (2005) A
Simple Assay for Frequency of Chromosome Breaks and Loss (Micronuclei) by Flow
Cytometry of Human Reticulocytes. FASEB J., 19:485-7 doi: 10.1096/fj.04-2729fje.

495.

Liu, J and Ames, BN (2005) Review: Reducing mitochondrial decay with mitochondrial
nutrients to delay and treat cognitive dysfunction, Alzheimer's Disease, and Parkinson's
Disease. Nutritional Neuroscience, April 2005; 8(2): 67-89.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

224

496.

Kadiiska, M.B., Gladen, B.C., Baird, D.D., Germolec, D., Graham, L.B., Parker, C.E.,
Nyska, A., Wachsman, J.T., Ames, B.N, Basu S., Brot, N., FitzGerald, G.A., Floyd, R.A.,
George, M., Heinecke, J.W., Hatch, G.E., Hensley, K., Lawson, J.A., Marnett, L.J.,
Morrow, J.D., Murray, D.M., Plastaras, J., Roberts, L.J., Rokach, J., Shigenaga, M.K.,
Sohal, R.S., Sun, J., Tice, R.R., Van Thiel, D.H., Wellner, D., Walter, P.B., Tomer, K.B.,
Mason, R.P., Barrett, J.C. (2005) Biomarkers of Oxidative Stress Study II: Are oxidation
products of lipids, proteins, and DNA markers of CC14 poisoning? Free Radic Biol Med.
38:698-710.

497.

Kadiiska, M.B., Gladen, B.C., Baird, D.D., Graham, L.B., Parker, C.E., Ames, B.N, Basu
S., FitzGerald, G.A., Lawson, J.A., Marnett, L.J., Morrow, J.D., Murray, D.M., Plastaras,
J., Roberts, L.J., Rokach, J., Shigenaga, M.K., Sun, J., Walter, P.B., Tomer, K.B., Barrett,
J.C. Mason, R.P. (2005) Biomarkers of Oxidative Stress Study III: Effects of the
nonsteroidal anti-inflammatory agents indomethacin and meclofenamic acid on
measurements of oxidative products of lipids in CC14 poisoning? Free Radic Biol Med.
38:711-8.

497a. Walter, P.B., Fung, E.B., Killilea, D.W., Jiang, Q., Hudes, M., Porter, J., Evans, P.,
Vichinsky, E., and Harmatz, P. (2005) Oxidative stress and inflammation in ironoverloaded patients with b-thalassaemia or sickle cell disease. British Journal of
Haematology 135:254-63.
498.

McCann, J.C. and Ames, B.N. (2005) Is docosahexaenoic acid (DHA), an n-3 long chain
polyunsaturated fatty acid, required for normal brain function? An overview of evidence
from cognitive and behavioral tests in humans and animals: a review. Am J Clin Nutr. 82:
281-95.

499.

Voloboueva, L.A., Liu, J., Suh, J.H., Ames, B.N. and Miller S.S. (2005) (R)-a-Lipoic
Acid Protects Retinal Pigment Epithelial Cells From Oxidative Damage Invest.
Ophthalmol. Vis. Sci., 46:4302-4310.

500.

Ames, B.N. (2005) Increasing Longevity by Tuning-up Metabolism, EMBO Reports,
6:S20-4.

501.

Liu, J. and Ames, B.N. (2005) Mitochondrial nutrients: Reducing mitochondrial decay to
delay or treat cognitive dysfunction, Alzheimer's disease, and Parkinson's disease, In:
Neurodegenerative Disorders, Aging and Antioxidants. Editors Y. Luo and L. Packer. p
59-105.

502.

Ames BN. (2005) Micronutrient Insufficiency In: The Textbook of Functional Medicine,
eds. D.S. Jones and S. Quinn, The Institute of Functional Medicine. Washington 397-412.

503.

Kaput J, Ordovs, JM, Ferguson L, van Ommen B, Rodriguez RL, Allen L, Ames BN, et
al. (2005) Horizons in Nutritional Science: The Case for Strategic International Alliances
to Harness Nutritional Genomics for Public and Personal Health. British J Nutrition,
94:623-32.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

225

504.

Ames, B.N., Atamna, H. and Killilea, D. (2005) Review: Mineral and Vitamin
Deficiencies Can Accelerate the Mitochondrial Decay of Aging. Molecular Aspects of
Medicine, 26: 363-78.

505.

Ames, B. (2005) The Metabolic Tune-up for Disease Prevention, FasterCures SmartBrief
– Milken Institute, Milken Institute http://www.fastercures.org/sec/essay_ames

506.

Offer, T., Bhagat, A., Lal, A., Atamna, W., Singer, S.T., Vichinsky, E.P., Kuypers, F.A.
& Ames, B.N. (2005) Measuring Chromosome Breaks in Patients with Thalassemia. Ann.
N.Y. Acad. Sci. 1054: 439-44.

2006
507.

Ames, B.N., Suh, J. and Liu, J. (2006) Enzymes Lose Binding Affinity (increase Km) for
Coenzymes and Substrates with Age: A Strategy for Remediation. In: Nutritional
Genomics: Discovering the Path to Personalized Nutrition. Kaput, J. and Rodriguez, RL.
(Eds). John Wiley and Sons, Inc., Hoboken, NJ. 277-291.

508.

McCann, J., Hudes, M., Ames, B.N. (2006). An Overview of Evidence for a Causal
Relationship Between Dietary Availability of Choline During Development and
Cognitive Function in Offspring. Neuroscience and Biobehavioral Reviews, 30: 696-712.

509.

McCann, J., and Ames, BN. (2006) Letter to the Editor (Response to P. Wainwright):
Scientific Precision and Deciding Whether to Supplement Infant Formulas With
LCPUFAs, Am J Clin Nutr., 83: 920-1.

510.

Ames, B (2006) Low micronutrient intake may accelerate the degenerative diseases of
aging through allocation of scarce micronutrients by triage. Proc. Natl. Acad. Sciences,
U.S.A., 103:17589-94. PMC1693790. doi:10.1073/pnas.0608757103

510a. Atamna, H and Boyle, K. (2006) Amyloid-b peptide binds with heme to form a
peroxidase: Relationship to the cytopathologies of Alzheimer's disease. PNAS 103:
3381-6.
510b. Atamna, H. (2005) Heme Binding to Amyloid-b Peptide: Mechanistic role in Alzheimer's
Disease. J Alzheimer's Dis, 10:255-66.
510c. Cui X, Suo P, Zhang Q, Li X, Hu Y, Long J, Packer L, Liu J (2006) Chronic Systemic DGalactose Exposure Induces Memory Loss, Neurodegeneration, and Oxidative Damage
in Mice: Protective Effects of R-a-Lipoic Acid. J Neuro Res. 83:1584-90.
510d. Luo C, Wang XM, Long JG and Liu J. (2006) An NADH-Tetrazolium-Coupled Sensitive
Assay for Malate Dehydrogenase in Mitochondria and Crude Tissue Homogenates. J.
Biochem. Biophys. Meth. 68:101-111.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

226

510e. Long JG, Wang XM, Gao HX, Liu Z, Liu CS, Miao MY, and Liu J. (2006)
Malonaldehyde acts as a mitochondrial toxin: Inhibitory effects on respiratory function
and enzyme activities in isolated rat liver mitochondria. Life Sciences. 79:1466-1472.
510f. Sun LJ, Luo C, Long JG, Wei DZ, and Liu, J. (2006) Acrolein is a mitochondrial toxin:
Effects on respiratory function and enzyme activities in isolated rat liver mitochondria.
Mitochondrion 6:136-142.
2007
511.

Jia L, Liu Z, Miller SS, Ames BN, and Liu J. (2007) Acrolein, a Toxicant in Cigarette
Smoke, Causes Oxidative Damage and Mitochondrial Dysfunction in RPE Cells:
Protection by (R)-a-Lipoic acid. Invest. Ophthalmol. Vis. Sci., 48: 339-48.

512.

Atamna H, Newberry J, Erlitzki R, Schultz CS, and Ames BN (2007) Biotin Deficiency
Inhibits Heme Synthesis and Impairs Mitochondria in Human Lung Fibroblasts. J of
Nutr, 137:25-30.

513.

Offer T, Ames BN, Bailey SW, Sabens EA, Nozawa M, and Ayling JE (2007) 5Methyltetrahydrofolate inhibits photosensitization reactions and strand breaks in DNA.
FASEB J. 2007 21: 2101-7.

514.

McCann, J., Ames, BN. (2007) An Overview of Evidence For a Causal Relationship
Between Iron Deficiency During Development and Deficits in Cognition or Behavior, Am
J Clin Nutr. 85:931-45.

515.

Wallock-Montelius LM, Villanueva JA, Chapin RC, Conley A, Nguyen HP, Ames BN,
and Halsted CH. (2007) Chronic Ethanol Perturbs Testicular Folate Metabolism and
Dietary Folate Deficiency Reduces Sex Hormone Levels in the Yucatan Micropig
Biology of Reproduction.76: 455-65.

515a. McMackin CJ, Widlansky ME, Hamburg NM, Huang AL, Weller S, Holbrook M, Gokce
N, Hagen TM, Keaney JF Jr, Vita JA. (2007) Effect of combined treatment with alphaLipoic acid and acetyl-L-carnitine on vascular function and blood pressure in patients
with coronary artery disease. J Clin Hypertens (Greenwich) 9(4):249-55.
515b. Schwarzera C, Illek B, Suh JH, Remingtonc SJ, Fischer H, Machena TE (2007) Organelle
Redox of CF and CFTR-Corrected Airway Epithelia. Free Radical Biology and
Medicine. 43:300-316.
516.

McCann JC and Ames BN (2007) DHA and Cognitive Development. Pediatric Basics
117: 16-22.

517.

Ames BN, McCann JC, Stampfer MJ, Willett WC (2007) Letter to the Editor: Evidencebased decision making on micronutrients and chronic disease: long-term randomized
controlled trails are not enough. Amer J Clin Nutr 86:522-3.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

227

518.

Wagner JG, Jiang Q, Harkema JR, Illek B, Patel DD, Ames BN, Peden DB (2007) Ozone
Enhancement of Lower Airway Allergic Inflammation is Prevented By γ-Tocopherol.
FRBM 43:1176-88.

519.

Milgram NW, Araujo JA, Hagen TM, Treadwell BV, Ames BN (2007) Acetyl-Lcarnitine and a-lipoic acid supplementation of aged beagle dogs improves learning in two
landmark discrimination tests. FASEB J. 21:3756-62.

519a. Atamna H, Frey WH (2007) Mechanisms of mitochondrial dysfunction and energy
deficiency in Alzheimer's disease Mitochondrion 7:297-310.
519b. Killilea AN, Downing KH, Killilea DW (2007) Zinc deficiency reduces paclitaxel
efficacy in LNCaP prostate cancer cells. Cancer Letters, 258:70-9.
520.

McCann JC, Ames BN. Lessons from DHA trials on cognition/behavior in humans and
animals (in Dutch). In: Special Fatty Acids. Scientific publication on infant nutrition (ed.
FAJ Muskiet). Elsevier Health Care, The Netherlands, October 2007, pp15-17.

521.

Voloboueva LA, Killilea DW, Atamna H, Ames BN (2007) N-t-butyl hydroxylamine, a
mitochondrial antioxidant, protects from excess iron in a human retinal pigment epithelial
cell model of macular degeneration. FASEB J., 21:4077-4086.

2008
522.

Suh J, Walsh WJ, McGinnis WR, Lewis A, and Ames BN (2008) Altered sulfur amino
acid metabolism in immune cells of children diagnosed with autism. Amer J Biotech
Biochem 4:105-113.

523.

Morris CR, Suh JH, Hagar W, Larkin S, Bland DA, Steinberg MH, Vichinsky EP,
Shigenaga M, Ames BN, Kuypers FA, and Klinsg ES (2008) Erythrocyte Glutamine
Depletion, Altered Redox Environment, and Pulmonary Hypertension in Sickle Cell
Disease. Blood. 111:402-10. January 1st. PMCID: 2200820

524.

Wagner JG, Jiang Q, Harkema JR, Ames BN, Illek B, Roubey RA, Peden DB. (2008) gTocopherol prevents airway eosinophilia and mucous cell hyperplasia in experimentally
induced allergic rhinitis and asthma. Clin Exp Allergy, 38:501-11. March. PMID:
17970781

525.

Mashiyama ST, Hansen CM, Roitman E, Sarmiento S, Leklem JE, Shultz TD, and Ames
BN (2008) An assay for uracil in human DNA at baseline: effect of marginal vitamin B6
deficiency. Analytical Biochemistry, 372:21-31. January 1st. PMCID: 2175266

526.

Atamna H, Nguyen A, Schultz C, Boyle K, Newberry J, Kato H, Ames BN (2008)
Methylene Blue Delays Cellular Senescence and Enhances Key Mitochondrial
Biochemical Pathways Relevant to Aging. FASEB J 22:703-12. March. PMID: 17928358

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

228

527.

McCann, JC, Ames BN (2008) Review Article: Is there convincing biological or
behavioral evidence linking vitamin D deficiency to brain dysfunction? FASEB J. 22:
982-1001. doi: 10.1096/fj.07-9326rev. PMID: 18056830

528.

Lal A, Atamna W, Killilea DW, Suh JH, and Ames BN. (2008) Lipoic acid and acetylcarnitine reverses iron-induced oxidative stress in human fibroblasts. Redox Report, 13:210. PMID: 18284845

528a. McColl, G, Vantipalli, MC, Killilea, DW, and Lithgow, GJ (2008) Pharmacogenetic
analysis of lithium chloride in C. elegans and delayed aging. J Biol Chem 283:350-7.
January 4th. PMCID: 2739662
528b. McMackin CJ, Widlansky ME, Hamburg NM, Huang AL, Weller S, Holbrook M, Gokce
N, Hagen TM, Keaney Jr JF, Vita JA (2008) Effect of Combined Treatment With αLipoic Acid and Acetyl-L-Carnitine on Vascular Function and Blood Pressure in Patients
With Coronary Artery Disease. J Clin Hypertens. 9:249-255. August 28th. PMC2734271,
NIHMS125303
529.

King SM, Donangelo CM, Knutson MD, Walter PB, Ames BN, Viteri FE, and King JC
(2008) Daily Supplementation With Iron Increases Lipid Peroxidation In Young Women
With Low Iron Stores. Exp Biol & Med. 233:701-707. June. PMID: 18408148

530.

Killilea DW and Ames BN (2008) Magnesium Deficiency Accelerates Cellular
Senescence In Cultured Human Fibroblasts. Proc Natl Acad Sci USA. 105:5768-5773.
April 15. PMCID: PMC2311331. doi:10.1073/pnas.0712401105

530a. Killilea DW, Maier J AM (2008) A connection between magnesium deficiency and
aging: new insights from cellular studies. Magnes Res 21(2): 77-82. June. PMCID:
PMC2790427
531.

Long J, Gao F, Tong L, Cotman CW, Ames BN, Liu J (2008) Mitochondrial decay in the
brains of old rats: Ameliorating effect of alpha-lipoic acid and acetyl-L-carnitine.
Neurochem Res, 34:755-63. April. PMCID: PMC2790461

531a. Kim E-Y, Ham S-K, Shigenaga MK, Han O (2008) Bioactive Dietary Polyphenolic
Compounds Reduce Nonheme Iron Transport across Human Intestinal Cell Monolayers.
J Nutr 138: 1647-51. September. PMID: 18716164
531b. Young, NL, Sisto, MC, Young, MN, Grant, PG, Killilea DW, Lamotte L, Wu KJ,
Lebrilla, CB. (2007) Steady-state asymmetric nanospray dual ion source for accurate
mass determination within a chromatographic separation. Anal Chem 79(15):5711-8.
December 9th. PMID: 17614364. PMC2597711. NIHMS81094

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

229

LOIS Gold Poster Reference:
Gold, L, Ames B, and Slone T (2008) "Human Cancer Risk at Low Doses of
Chemicals: Communicating to the Public." Poster presented at Low Dose Radiation
Investigator's Workshop VII. Department of Energy Office of Biological and Environmental
Research, January 21-23, 2008, Washington, D.C.
2009
532.

Aliev G, Liu J, Shenk JC, Fischbach K, Pacheco GJ, Chen SG, Obrenovich ME, Ward
WF, Richardson AG, Smith MA, Gasimov E, Perry G, Ames BN. (2009) Neuronal
mitochondrial amelioration by feeding acetyl-L-carnitine and lipoic acid to aged rats. J
Cell Mol Med. 13:30-333. PMCID: PMC2790425

533.

Hudes ML, McCann JC, Ames BN (2009) Unusual clustering of coefficients of variation
in published articles from a medical biochemistry department in India. FASEB J 23:689703. PMID: 18940892

533* Varalakshmi P, Panneerselvam C, and Sakthisekaran D. "A 'simple' method for spurious
biostatistics: response to the manuscript submitted to The FASEB Journal by Hudes, et al
FASEB J. published online Oct 21, 2008, doi:10.1096/fj.08-118265. PMID: 18940891
534.

McCann JC, Hudes ML, Ames BN (2009) Part 2—Unusual clustering of coefficients of
variation in published articles from a medical biochemistry department in India. FASEB J
23:706-708. PMID: 18940890

535.

McCann JM and Ames BN, Evidence required for causal inferences about effects of
micronutrient deficiencies during development on brain health -- DHA, choline, iron, and
vitamin D, In: Micronutrients and Brain Health, Packer, L, Sies, H., Eggersdorfer, M. &
Cadenas, E., Eds, CRC Press, London, 2009, chap. 30.

536.

Ames BN and McCann JM (2009) Foreword: "Prevention of Cancer, and the Other
Degenerative Diseases of Aging, Through Nutrition" In: Chemoprevention of Cancer and
DNA Damage by Dietary Factors. S. Knasmüller, DM DeMarini, I. Johnson, and C.
Gerhäuser eds. WILEY-VCH Verlag GmbH & Co.KGaA, Germany. xxxi-xxxviii

537.

Suh J, Kim R, Yavuz B, Lee D, Lal A, Ames BN, and Shigenaga MK (2009) Clinical
assay of four thiol amino acid redox couples by LC-MS/MS: utility in thalassemia. J.
Chromatogr. B. 877(28):3418-3427. doi: 10.1016/j.jchromb.2009.06.041. PMC3077474

537a. Atamna H, Frey WH, Ko N (2009) Human and rodent amyloid-b peptides differentially
bind heme: Relevance to the human susceptibility to Alzheimer's disease. Arch Biochem
Biophys 487:59-65. doi:10.1016/j.jchromb.2009.06.041. PMID: 19454279
537b. Atamna, H. (2009) Amino acids variations in Amyloid-b peptides, mitochondrial
dysfunction, and new therapies for Alzheimer's disease. J Bioenerg Biomembr (2009)
41:457-464.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

230

538.

McCann JM and Ames BN (2009) Vitamin K, an example of triage theory: is
micronutrient inadequacy linked to diseases of aging? Am J Clin Nutr. 90: 889-907. doi:
10.3945/ajcn.2009.27930. PMID: 19692494

539.

Shenk JC, Liu J, Fischbach K, Xu K, Puchowicz M, Obrenovich ME, Gasimov E,
Morales Alvarez L, Ames BN, LaManna JC, Aliev G (2009) The effect of acetyl-Lcarnitine and R-α-lipoic acid treatment in ApoE4 mouse as a model of human
Alzheimer's disease. J Neuro Sci 283:199–206. PMCID: 2713369

540.

Jiang Q, Moreland M, Ames BN, Yin X. (2009) A combination of aspirin and γtocopherol is superior to that of aspirin and α-tocopherol in anti-inflammatory action and
attenuation of aspirin-induced adverse effects. J Nutr Biochem 20:894-900. PMC2799192

541.

Wagner JG, Harkema JR, Jiang Q, Illek B, Ames BN, and Peden DB (2009) gTocopherol attenuates ozone-induced exacerbations of allergic rhinosinusitis in rats.
Toxicol Pathol 37:481-91. PMCID:

2009 ABSTRACTS
Wallock-Montelius L, Evenson D, Wixon R, King J, Jacob R, Ames B (2009) "Does
Micronutrient Status Influence Sperm DNA Damage?"
Anurag K Agrawal, Jung H Suh, Bruce N Ames, Elliott P Vichinsky, Ashutosh Lal (2009)
"Heightened Sulfur Amino Acid Oxidation in Plasma and Erythrocytes in b-Thalassemia
Major." ASH meeting, December.
2010
542.

Ames, B.N. (2010) Optimal micronutrients delay age-associated diseases and
mitochondrial decay. Mech Ageing Dev. 131:473-9.

543.

Walter PB, Porter J, Evans P, Kwiatkowski JL, Neufeld EJ, Coates T, Giardina PJ, Grady
RW, Vichinsky E, Olivieri N, Trachtenberg F, Alberti D, Fung E, Ames B, Higa1 A,
Harmatz P. (submitted) Increased Leukocyte Apoptosis in Beta-Thalassemia Patients.
Haematologica.

544.

Ames, BN (2010) Prevention of mutation, cancer, and other age-associated diseases by
optimizing micronutrient intake. Journal of Nucleic Acids Special Issue: DNA Damage,
Mutagenesis, and DNA Repair. doi:10.4061/2010/725071. PMC2945683

544a. Page KE, Killilea DW, White KN, McCrohan CR, Lithgow GJ (2010). Aluminium
Exposure Alters Elemental Homeostasis and Life History Traits in Caenorhabditis
elegans. PLoS ONE Submitted Sept 27, 2010. As of Jan 2014 David said in an e-mail that
the paper has been revised, but not yet resubmitted.
545b. Kanathezhath, B., Hazard, F.K., Guo, H., Kidd, J., Azimi, M., Kuypers, F.A., Vichinsky,
E.P. and Lal, A. (2010), Hemoglobin Hakkari: An autosomal dominant form of beta

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

231

thalassemia with inclusion bodies arising from de novo mutation in exon 2 of beta globin
gene. Pediatr. Blood Cancer, 54: 332–335. doi: 10.1002/pbc.22167
2010 ABSTRACTS
Ames, B. (2010) "A Diet for Health and Longevity." SFRBM's 17th Annual Meeting: Program
and Abstracts, Orlando FL November 17-21. Free Radical Biology and Medicine.
Volume 49, Supplement, Page S3.
Chardonnay J. Vance, David W. Killilea, & Bruce N. Ames (2010) "Magnesium Intake
and Self-Reported Health in Pregnant Women." Experimental Biology 2010, SESSION:
5230 - ASN Nutritional Epidemiology. FASEB J 24(1):561.14.
Donovan Chan, Mylène Landry, Lynn M. Wallock-Montelius, Robert A. Jacob, Bruce N.
Ames, Rima Rozen, Jacquetta Trasler (2010) "Sperm DNA methylation pattern defects
following folate deficiency and supplementation." FASEB
Porsha Howell, John Gieng, Michele Mietus-Synder, Bruce Ames and Mark Shigenaga
(Nov 12 2010) "Effect of a Nutrient-Rich Supplement on Biomarkers of Energy
Metabolism, Gut Health and Immune Response." Annual Biomedical Research
Conference for Minority Students (ABRCMS).
2011
545.

Lal, A and Ames, BN (2011) Association of Micronuclei (Chromosome Breaks) with
Hematological Diseases and Micronutrient Status. Mutagenesis. 26: 57-62. PMC3107612

546.

McCann JC and Ames BN (2011) Adaptive dysfunction of selenoproteins from the
perspective of the triage theory: why modest selenium deficiency may increase risk of
diseases of aging FASEB J. 25(6):1793-814. doi: 10.1096/fj.11-180885

546a. Mahlke MA, Cortez LA, Ortiz MA, Rodriguez M, Uchida K, Shigenaga MK, Lee S,
Zhang Y, Tominaga K, Hubbard GB & Ikeno Y (2011) The anti-tumor effects of CR are
correlated with reduced oxidative stress in ENU-induced gliomas. Pathobiology of Aging
& Age-related Diseases, 1: 7189 - DOI: 10.3402/pba.v1i0.7189
547.

Wang Y, Moreland M, Wagner JG, Ames BN, Illek B, Peden DB, Jiang Q (2011)
Vitamin E forms inhibit IL-13/STAT6-induced eotaxin-3 secretion by up-regulation of
PAR4, an endogenous inhibitor of atypical PKC in human lung epithelial cells. J Nutr
Biochem. 23(6): 602-8. PMC3201713

547a. Lal A, Goldrich ML, Haines DA, Azimi M, Singer ST, Vichinsky EP (2011)
Heterogeneity of Hemoglobin H Disease in Childhood. N Engl J Med 364:710-8

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

232

WINNER OF THE NEJM Annual Science Award
547b. Suh JH, Kim RY, and Lee DS (2012) A new metabolomic assay to examine
inflammation and redox pathways following LPS challenge. J Inflamm (London). 9:37.
doi:10.1186/1476-9255-9-37
547c. Page KE, White KN, McCrohan CR, Killilea DW, and Lithgow GL (2012) Aluminium
exposure disrupts elemental homeostasis in Caenorhabditis elegans. Metallomics 4: 51222. DOI: 10.1039/C2MT00146B
547d. Feusner J and Kanathezhath B. (2011) F1000 Recommendation of [Khorana AA et al., J
Clin Oncol 2011, 29(4):468-71]. Faculty of 1000. DOI: 10.3410/f.8865959.9413057.
f1000.com/8865959#eval9413057
2011 ABSTRACTS
Michele Mietus-Snyder, Jung Suh, Bruce Ames, Betty Flores, Ashutosh Lal (2011)
"Metabolomic Burden of Nutritional Deficiency in Obese Children and Adolescents."
American Heart Association, Joint Conference - Nutrition, Physical Activity and
Metabolism and Cardiovascular Disease Epidemiology and Prevention 2011 Scientific
Sessions, March 22-25. (Abstract Number 274, Poster P067 – Avaialable on the AHA
Website).
Ruff JS, Suchy AK, Hugentobler SA, Sosa MM, Gieng SH, Stenquist AT, Gentry SR, Shigenaga
MK, Potts WK. (2011). "Health Consequences of a Moderate Fructose Diet Revealed by
Organismal Performance Assays (OPAs)" – Experimental Biology Conference, April 11,
2011 (Abstract Number 766.11). FASEB J. 25, 766.11. (poster available on EB website)
Killilea DW, Suh J, Mattson N, Zetterberg H, Portelius E, Blennow K, Hung YH, Bush AI and
Hastings CA (2011). "Identification of Biomarkers During Investigative Therapy for
Niemann-Pick Type C Disease." Submitted to the World Lysosomal Disease Network.
Mietus-Snyder M, Shigenaga MK, Suh JH, Shenvi SV, Lal A, McHugh T, Olson D, McCann JC,
Kruass RM, Ames BN (2011) "Metabolic Effects of a Nutrient-Dense High Fiber
Supplement."AHA Epi, Nutrition, Physical Activity and Metabolism Meeting in San
Diego March 2012.
2012
548.

Mietus-Snyder ML, Shigenaga, MK, Suh JH, Shenvi SV, Lal A, McHugh T, Olson D,
Lilienstein J, Krauss RM, Gildengoren G, McCann JC, and Ames BN (2012) A
micronutrient-dense, high fiber, fruit-based supplement bar increases HDL, particularly
large HDL, lowers homocysteine, and raises glutathione in a 2-week trial. FASEB J,
26(8):3515-27. doi:10.1096/fj.11-201558. PMC3405270

549.

McCann JC, Hudes ML, and Ames BN (2012) Unusual clustering of coefficients of
variation in published articles from a medical biochemistry department in India.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

233

Anaesthesia. Posted May 4, 2012.
http://www.respond2articles.com/ANA/forums/1122/ShowThread.aspx
549a. Page K, Killilea D, White K, McCrohan C, and Lithgow G (2012) Aluminium Toxicity
Disrupts Elemental Homeostasis in Caenorhabditis elegans. Metallomics, May;4(5):51222. doi: 10.1039/c2mt00146b
550.

Trewavas T (2012) Carson no 'beacon of reason' on DDT. Nature 486(7404):473
doi:10.1038/486473a.

551.

Walter PB, Porter J, Evans P, Kwiatkowski JL, Neufeld EJ, Coates T, Giardina PJ, Grady
RW, Vichinsky E, Olivieri N, Trachtenberg F, Alberti D, Fung E, Ames B, Higa A, and
Harmatz P (2013) "Increased Leukocyte Apoptosis in Transfused β-Thalassemia
Patients." Br J Haematol. 160(3):399-403. doi: 10.1111/bjh.12076.

551a. Hassan FA, Nuovo G, Killilea D, Diaz P, Jee J, Knoell D, Boyaka P, and Cormet-Boyaka
E. (2012) Suppression of CFTR in the lung of patients with severe COPD. American
Journal of Respiratory Cell and Molecular Biology, Under Review as of January 2014. In
2012 it was sent to CHEST but then retracted and resubmitted to the Am J Res Cell Mol
Bio in 2013.
2012 ABSTRACTS
Michele Mietus-Snyder, Mark Shigenaga, Jung Suh, Swapna Shenvi, Ashutosh Lal, Tara
McHugh, Don Olson, Joyce McCann, Ronald Krauss, and Bruce Ames (2012)
"Metabolic Effects of a Nutrient-Dense High Fiber Supplement." American Heart
Association, Epidemiology and Prevention/Nutrition, Physical Activity and Metabolism
Session March 2012. (Abstract Number 667).
Bindu Kanathezhath, Swapna Shenvi, Manjit Bhandhal, Rajan Manmohan, Anureet Johl, Danial
Oh, Alica Zhou, Frans A Kuypers, Mark C Walters, Bruce N Ames, and Jung Suh (2012)
"Systemic and Hepatic Thiol Redox Dysregulation in Graft versus Host Disease."
ASBMT 2012 BMT Tandem Meeting, Feb 1-5 in San Diego, CA (accepted).
Ashutosh Lal, Cassandra Calloway, Jung Suh, Bruce Ames, Elliott Vichinsky, MD (2012)
"Oxidative stress and mitochondrial damage: Biomarkers for monitoring intensive iron
chelation therapy in thalassemia major." RAHMS conference in Cyprus, June.
Donovan Chan, Serge McGraw, Lynn M. Wallock-Montelius, Tsunenobu Tamura, Carolin
Konermann, Christoph Plass, Robert A. Jacob, Bruce N. Ames, Jacquetta Trasler (2012)
"Analysis of blood and seminal plasma folate levels and sperm DNA methylation
patterns in men following folic acid supplementation." 2012 FASEB Scientific
Conference.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

234

Jung Suh, Bindu Kanathezhath, Swapna Shenvi, Hua Guo, Mark Walters, Bruce Ames (2012)
"Host Nrf2 –glutathione redox dysregulation precedes TNF-a elevation and predicts
severity of GVHD in experimental transplantation." ASH Conf Dec 8-11, 2012 in Atlanta
Georgia.
Patrick B Walter, Paul Harmatz, Annie Higa, Vivian Ng, Marcela G Weyhmiller, Patricia Evans,
John B. Porter, Nancy Sweeters, Jackson Price, Alisha Manji, David Killilea, Ashutosh
Lal, and Elliott Vichinsky (2012) "Innate Immune Cell Expression of Pattern Recognition
Receptors From β-Thalassemia Patients During Intensive Combination Chelation
Therapy." ASH Conf Dec 8-11, 2012 in Atlanta Georgia. ABSTRACT #54334
Patrick B Walter, Paul Harmatz, Annie Higa, Vivian Ng, Marcela G Weyhmiller, Patricia Evans,
John B. Porter, Nancy Sweeters, Jackson Price, Alisha Manji, David Killilea, Ashutosh
Lal, and Elliott Vichinsky (2012) "Innate Immune Cell Expression of Pattern Recognition
Receptors From β-Thalassemia Patients During Intensive Combination Chelation
Therapy." BioIron Conference April 2013 at the University College London, UK.
2013
552.

Harrison DE, Strong R, Allison DB, Ames BN, Astle CM, Atamna H, Fernandez E,
Flurkey K, Javors MA, Nadon NL, Nelson JF, Pletcher S, Simpkins JW, Smith D,
Wilkinson JE, and Miller RA (2013) "Acarbose, 17-α-estradiol, and nordihydroguaiaretic
acid extend mouse lifespan preferentially in males." Aging Cell. doi: 10.1111/acel.12170
552a. Liu M-J, Bao S, Bolin ER, Burris DL, Xu X, Sun Q, Killilea DW, Shen Q,
Ziouzenkova O, Belury MA, Failla ML, Knoell DL (2013) "Zinc Deficiency Augments
Leptin Production and Exacerbates Macrophage Infiltration into Adipose Tissue in Mice
Fed a High-Fat Diet." J. Nutr. jn.113.175158; first published online May 22, 2013.
doi:10.3945/ jn.113.175158

552b. Ruff JS, Suchy AJ, Hugentobler SA, Sosa MM, Schwartz BL, Morrison LC, Gieng SH,
Shigenaga MK, Potts WK (2013) "Human-relevant levels of added sugar consumption
increase female mortality and lower male fitness in mice." Nature Communications, 4
DOI: 10.1038/ncomms3245. PMC3775329
552c. Kadiiska MB, Basu S, Brot N, Cooper C, Saari Csallany A, Davies MJ, George MM,
Murray DM, Jackson Roberts L 2nd, Shigenaga MK, Sohal RS, Stocker R, Van Thiel DH,
Wiswedel I, Hatch GE, Mason RP. (2013) "Biomarkers of oxidative stress study V:
Ozone exposure of rats and its effect on lipids, proteins, and DNA in plasma and urine."
Free Radic Biol Med 61C:408-15.
2013 Abstract
Donovan Chan, Serge McGraw, Kathleen Klein, Lynn M. Wallock-Montelius, Tsunenobu
Tamura, Carolin Konermann, Christoph Plass, Bruce N. Ames, Celia Greenwood,
Jacquetta Trasler (2013) "Effects of Folic Acid Supplementation on Folate Levels and
Genome-Wide Sperm DNA Methylation Patterns in Men." SSR 46th Annual Meeting

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

235

Reproductive Health: Nano to Global. July 22-26 in Montreal, Quebec, Session 22.
Epigenetic Mechanisms.
2013 POSTER
Patrick B Walter, Paul Harmatz, Annie Higa, Vivian Ng, Marcela G Weyhmiller, Patricia Evans,
John B. Porter, Nancy Sweeters, Jackson Price, Alisha Manji, Nick Slater, David Killilea,
Ashutosh Lal,1, and Elliott Vichinsky, "Innate Immune Cell Expression of Pattern
Recognition Receptors From β-Thalassemia Patients During Intensive Combination
Chelation Therapy." BioIron April 2013.
2014
553.

Contribution "Vitamin and Mineral Inadequacy Accelerates Aging-associated Disease"
In: The World Book on Healthy Aging.

554.

Frei B, Ames BN, Blumberg JB, Willett, WC (2013) "Ideas and Opinions: Enough is
enough: Time to consider all the data and avoid sweeping conclusions about vitamin and
mineral supplements." Ann Intern Med. 159(12):850-851. doi:10.7326/0003-4819-15912-201312170-00011

555.

Patrick RP and Ames BN (2014) "Vitamin D Hormone Controls Serotonin Levels." Part
1: Relevance for Autism. FASEB J, June 2014 28:2398-2413, doi:10.1096/fj.13-246546

555a. Engle-Stone R, Ndjebayi AO, Nankap M, Killilea DW and Brown KH (2014) "Stunting
prevalence, plasma zinc concentrations, and dietary zinc intakes in a nationally
representative sample suggest a high risk of zinc deficiency among women and young
children in Cameroon." J Nutr. 144:1-10.
555b. Suh JH, and Saba JD (2014) "Tracking Hippo in the Cancer Jungle." Chem Biol 21:83140. DOI: 10.1016/j.chembiol.2014.07.002
2014 ABSTRACT / POSTERS
Suh J, Narayanan N, Laine-Graves K, McCann JC, Shenvi SV, Shigenaga MK, Ames BN and
Mietus-Snyder M (2014) "A High Fiber Nutrient Dense Supplement Moves the
Metabolome in Obese Parent–Teen Dyads." American Heart Association. Epidemiology
and Prevention/Nutrition, Physical Activity and Metabolism 2014 Scientific Sessions,
March 18-21, 2014 at the Hilton San Francisco Union Square in San Francisco,
California. Abstract. Tracking Number: EPI-14-A-927-AHA
Suh J, Narayanan N, Laine-Graves K, McCann JC, Shenvi SV, Shigenaga MK, Krauss RM,
Ames BN and Mietus-Snyder M (2014) "A High Fiber Nutrient Dense Supplement
Moves the Metabolome in Obese Parent–Teen Dyads." American Heart Association.
Epidemiology and Prevention/Nutrition, Physical Activity and Metabolism 2014
Scientific Sessions, March 18-21, 2014 at the Hilton San Francisco Union Square in San
Francisco, California. Poster P927

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

236

Lal, A (2014) "Elevated End-Tidal Carbon Monoxide Concentration in Children with Sickle Cell
Anemia." 56th ASH Annual Meeting and Exposition, December 6-9, 2014 in San
Francisco, CA. Session Name: 114. "Hemoglobinopathies, Excluding Thalassemia –
Clinical: Poster I." In addition to the presentation, your abstract will also be published
online in the November 14 supplemental volume of Blood. Publication Number 1390,
Submission ID 70719
2015
556. Patrick RP and Ames BN (2015) "Vitamin D and the omega-3 fatty acids control
serotonin synthesis and action, part 2: relevance for ADHD, bipolar, schizophrenia, and
impulsive behavior." FASEB J, Published online before print February 24, 2015, doi:
10.1096/fj.14-268342
556a. Ruff JS, Hugentobler SA, Suchy AJ, Sosa MM, Tanner RE, Hite ME, Morrison LC, Gieng
SH, Shigenaga MK, and Potts WK (2013) "Compared to Sucrose, Previous Consumption
of Fructose and Glucose Monosaccharides Reduces Survival and Fitness of Female Mice."
J Nutr, e –pub adhead of print, December 10, 2014. DOI: 10.3945/jn.114.202531.
557. McCann JC, Shigenaga, MK, Mietus-Snyder ML, Lal A, Suh JH, Krauss RM, Gildengorin
G, Goldrich A, Block D, Shenvi SV, McHugh T, Olson D, and Ames BN (2015). "A
multi-component nutrient bar promotes weight loss and improves dyslipidemia and insulin
resistance in the overweight/obese: Chronic inflammation blunts these improvements."
FASEB J, Submitted February 20, 2015.
2016
558. Foreword "Micronutrient Inadequacy Accelerates Aging-associated Disease" In:
Micronutrients.
2018
559.

Bseikri, M., McCann, J., Lal, A., Fong, E., Graves, K., Goldrich, A., Block, D.,
Gildengoren, G., Mietus-Snyder, M., Shigenaga, M., Suh, J., Hardy, K., Ames, B.N.
(2018) "A novel nutritional intervention improves lung function in overweight/obese
adolescents with poorly controlled asthma: the Supplemental Nutrition in Asthma
Control" (SNAC) pilot study. FASEB. 32, 1-12.

560.

Ames, B.N. (2018) "Prolonging healthy aging: Longevity vitamins and proteins." PNAS.
1-9.

560+. Ames, B.N. (2018) "Supporting Information for Bruce N. Ames Perspective." PNAS 120.
560a. Patrick, R.P. (2018) "Role of phosphatidylcholine-DHA in preventing APOE4associated Alzheimer's Disease." FASEB 1-11.

Copyright © 2021 by The Regents of the University of California

Oral History Center, The Bancroft Library, University of California, Berkeley

Appendix 3: Photographs
All photos courtesy of Giovanna Ferro-Luzzi Ames

Bruce as a young boy, 1930s.
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Ames family, left to right: sister Sylvia (Levin), Bruce, sister Beth (Swartz),
father Maurice, mother Dorothy. Early 1950s.
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High school yearbook photo, 1946.

Bruce at Caltech for graduate school, 1951.
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Bruce at the National Institutes of Health, 1950s.
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Bruce and Giovanna Ferro-Luzzi on their wedding day, 1960.
Photo by Jessie Rabinowitz.
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Bruce demonstrating the Ames test, 1976.
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Bruce working in his office at Biochemistry Department
at UC Berkeley, 1976.
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Bruce in his office at Children's Hospital of
Oakland Research Institute (CHORI), 2005.
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The Ames' meeting Presidents Ronald Reagan and Bill Clinton.
Photo frames are made from Mexican juice cans and battery cases.
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The Ames family: son Matteo, Giovanna, Bruce, daughter Sofia, mid-2000s.

Copyright © 2021 by The Regents of the University of California

246

Oral History Center, The Bancroft Library, University of California, Berkeley

Bruce in his office at CHORI, 2008.
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Bruce at laboratory at CHORI, 2014.
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