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Memories of a student
In the fall of 1977, I was an undergraduate at Yale applying to PhD programs
in biochemistry. Stanford was suggested to me by my research advisor, Terry
Platt, who had done his postdoctoral work there with Charles Yanofsky
in Biology. In talking to other undergraduates and graduates students
that I knew, I soon discovered that Stanford Biochemistry had quite a
reputation. Of ten faculty, five were members of the National Academy
of Sciences (four of the remaining five would be elected in coming years).
Arthur Kornberg, who had founded the department, had discovered DNA
polymerase, together with his then–postdoctoral fellow, Bob Lehman (also
on the Stanford biochemistry faculty), and had won the 1959 Nobel Prize
in Physiology or Medicine. He had not merely discovered the polymerase,
in fact, he had elucidated all of the basic features of DNA synthesis that are
conserved in all living cells: the template-primer dependence, the fact that
deoxynucleoside 5′ triphosphates were the substrates, the 5′→3′ direction
of synthesis and incorporation of nucleotides according to Chargaff’s
rules. He had gone beyond that in the ensuing 20 years to begin to answer
questions about the more complex process of DNA replication. Arthur
and his colleagues, notably the legendary Reiji Okazaki, had elucidated
the nature of the replication fork, with a continuous leading strand
and a discontinuous lagging strand in which short fragments of DNA
were synthesized in the direction opposite fork movement, primed by
tiny RNA primers. Then in the 1970s, using the small, single-stranded
bacteriophages M13 and ΦX174 as models, the Kornberg lab had begun
to identify a series of enzymes that accounted for the operations of the
replication fork: the DnaG primase, the DnaB helicase, the single-strand
binding protein and the multisubunit DNA polymerase III holoenzyme
with its remarkable fidelity, speed and processivity. In fact, I knew all about
what Arthur had done because he literally wrote the book on it—DNA
Synthesis, a book I had bought in connection with my course in molecular
genetics taught by Sidney Altman.
So it was quite exciting to be invited, in February of 1978, to visit
Stanford for an interview. It was both exciting and more than a  little
intimidating. A new assistant professor in Molecular Biology and
Biochemistry at Yale who had spent a year as a postdoc in Arthur’s lab
had left because he felt Arthur was overbearing and patronizing; the
assistant professor was particularly offended by Kornberg’s habit of leafing
through his students’ and postdocs’ lab notebooks in their absence. A
fellow undergraduate had been invited to Stanford and came back with
stories of being put through the third degree by Arthur’s questioning.
When I got to Palo Alto, I was impressed at once—by the weather. The
winter of 1977-1978 had seen record snowfalls in the northeast, and
by comparison, the Bay Area seemed a tropical paradise. The students



Jon Kaguni, Arthur, and Bob Fuller in 1981.

I met were brilliant. The faculty I met were warm and  approachable,
s peaking to this novice as a colleague, describing their work of remarkable
breadth on  protein  folding, secretion, recombination, gene  expression
and  development, much of it using methods of recombinant DNA
technology—which had been invented there and most of which was news
to me—with a peculiar combination of clarity and amusement. Then
there was my meeting with Arthur, which was most perplexing. Arthur
was very serious and asked probing questions about my undergraduate
research, leading me, through a sort of Socratic pummeling, to a variety of
conclusions about various types of sloppy thinking I had been engaging in.
In particular, he led me, in a memorable two-minute exchange, to realize
what it actually meant to follow enzyme purification by the increase in
specific activity. As ridiculous as it sounds, I hadn’t really understood that
before. Arthur had a way of leading one to understand things that did
indeed seem obvious once understood but which previously had been fuzzy
if not completely opaque. (Memorably, he stumped his entire group one
day by noting that when double-stranded DNA was digested by the 3′→5′
directed exonuclease III, the final products were single-stranded segments
half the length of the original DNA. Then he asked us whether this proved
exo III to be processive or nonprocessive. We all got it wrong. Think about
it.) He described the work going on in the lab not in the confident way he
would typically do in public lectures, but in the careful and slightly worried
way he would during a group meeting. There was always the concern that
things were not going as well as they should be, that time was short, that
some key facts were being overlooked. It is a bit difficult to describe what
it was like to talk to Arthur about science, but, basically, it was like taking
a tour through his mind in the moment. Everything was revealed—every
doubt, every expectation, and every doubt about every expectation—and
that was the way he ensured that nothing imaginable was left unconsidered,
a guaranteed but sometimes tortuous approach to the truth.
I was delighted to be admitted to Stanford. The first day I was there,
I walked past Arthur in the hallway and he surprised the heck out of
me by greeting me by name—a testament to his impressive memory
and highly developed social skills. In fact, I came to Stanford expecting
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to join one of the ‘cloning’ labs
(Berg, Hogness, Kaiser, Davis)
but soon discovered that they
hadn’t been kidding the previous
winter when they said those labs
would be closed to new students
the next year (even though
the more senior  students had
assured me and other members of my class that this rule
wouldn't be enforced). This
was done to encourage students
to join labs other than the ones
in the thick of  recombinant
DNA research. And so my class of four new PhD students met with all of
the other faculty individually. Arthur was the only faculty member who
asked us to read several of his lab’s papers before the meeting. What’s
more, during the meeting, he quizzed us on the content of the papers,
something we were not quite expecting. In any case, I had no idea what
to do, but I wanted to do something that had not been done before.
Then I had what I thought was a novel idea. I recalled that the bacterial
chromosome had been shown to have a unique site for initiation of
bidirectional replication. I met with Arthur and asked whether it would
be a reasonable thing to try to reconstitute replication at that origin. Well,
he said that, as a matter of fact, they were trying to do that very thing.
He let me, a complete greenhorn biochemist, join his group to join that
effort, even though an accomplished senior graduate student, John Scott,
had spent several months, without success, attempting to reconstitute
oriC replication in extracts active for ΦX replication in collaboration with
a postdoctoral fellow, Seiichi Yasuda, who, working with Yukinori Hirota

at the University of Tokyo, had just in 1977 succeeded in isolating oriC as
part of a recombinant plasmid, relying on its correctly presumed function
as an autonomously replicating segment of DNA. Arthur gave me the
opportunity to work on something risky, something new, something
significant. It was a bit of a slog, but when postdoc Jon Kaguni and I were
finally successful, it was the most satisfying result in my scientific career.
It led to another ~10 years of work on reconstitution of oriC replication
by Arthur and his lab and the resolution of many of the basic problems
of chromosomal replication: the melting of the origin by an ori-specific
ATPase, the loading of the helicase–primase complex to prime the first
leading strands, the loading of replicative polymerase.
Working with Arthur was not always easy, but it was always
rewarding. When at an impasse in discussing results or,
often, the lack thereof, Arthur had the somewhat annoying habit
of asking to see one’s notebook and then critiquing its organization.
Every  student of Arthur’s knows exactly what I am talking about.
The ‘slog’ to oriC replication took about two-and-a-half years, and
I had many  opportunities to have my notebook inspected, each
successive time a bit more like Kabuki theater. These encounters
usually served to back me out of some experimental quicksand
and steer me in a new direction. The most enduring memories, though, were
learning from Arthur to respect science as a search for the uncompromising
truth and to perceive that search to be inherently valuable. One of Arthur’s
favorite words, I think, was “fascination.” It was no doubt his fascination
with the wonderful structure of nature that led him to tell us, at group
meeting one day, that he had no hobbies or pursuits that  interested
him as much as research and, therefore, he never intended to retire and
would undoubtedly work right up until his final day. And so he did.
He has left science with a great, redounding legacy and has left those who
knew him with an incredibly high standard to live up to.

Robert A Bambara
Departments of Biochemistry and Biophysics, University of Rochester, Rochester, New York, USA.
e-mail: robert_bambara@urmc.rochester.edu

I was a postdoctoral fellow with Bob Lehman in 1975 and 1976. Bob’s group shared
lab rooms with Arthur’s group, and I saw Arthur nearly every day. He was totally devoted
to science and spent a lot of time talking to people in the group about their results. He
participated in the lunch student seminar in the departmental library and also taught in
courses. He tended to leave administration to the other faculty. The department chair
position was rotated every five years, but I don’t know if he ever held that position.
Instead, it seemed that everyone at Stanford asked his advice on every issue. You naturally
felt like telling Arthur about anything interesting, science or not. I remember running to
his office to tell him that I nearly ran into Patricia Hearst and her police escort when she
was brought in for psychiatric evaluation after her bank-robbery attempt.
Arthur was not ostentatious in any way at work. He had a small office in the middle of
the department. It had little decoration or fancy furniture. It had a tiny table with three
legs and three chairs that he used for discussing data with the students. The door was
unadorned and there was no name tag. From the hall, it easily could have been the
janitor’s closet. I suspected that calling attention to his office would only have led to a
lot more people seeking his advice and to distractions from his science.
Arthur expected scientific excellence from his students, and he wanted them to be
positively competitive. He had a gentle way of expressing this, but the message was very
clear. No one wanted to disappoint him with a less than outstanding performance. I
once gave a student seminar on molecular mechanisms of Epstein Barr virus infection.
It was a subject that I had to learn for the seminar. He said, “Interesting talk, but I could tell that was not your field.”
I was very excited when he came to visit us three years ago to talk about his research. When I asked a question
from deep in the audience, he joked “What are you doing here?”. I had the brief feeling that I should have been
back at my bench in Stanford doing an experiment.
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I’ve been asked hundreds, maybe thousands of times, “What was it really
like to work for Arthur Kornberg?” Often the question really means,
“What was it really like to be a woman and work for Kornberg?” As we
say goodbye to this great man, I am honored to have this opportunity to
share a little of what it was like and, hopefully, a little of what I learned.
Some background: I was a PhD student with Arthur from 1984 to 1988 and
then stayed on in his group as a part-time postdoc and to work on the second
edition of his book DNA Replication. This was a difficult time in Arthur’s life:
he was in his mid-60’s, dealing with the illness, death and mourning of his
first wife, Sylvy. As a result, he was in the lab less than in other periods (I hear
from others) and also traveled less. But, as I describe below, these difficulties
by no means dampened the opportunities we had to learn from him.
Every Monday morning at about 8 a.m. I failed the ‘Arthur test’
(although maybe I got a little credit for being in the lab). He would stop
by my bay and said either, “How are you?” or “How was your weekend?”,
which I quickly learned really meant, “What’s new with the project?” I was
a pretty hard-working student, so I usually had data, and we would talk
about it for a while. But then on the way out of my lab area, he would say,
“Now you really should be taking this opportunity of living in the SF Bay
Area to better yourself!” (I’m from Wisconsin, raised by a single mother,
and had not traveled much.) “How about the opera, the symphony or
the Stanford football game?” But I could never win—if I did spend the
weekend doing something cultural, the ending speech would be “Now,
Tania, where are your priorities?” or “This isn’t charm school.”
Arthur was always a commanding personality as an advisor and ‘in charge’
of the lab. He had strong opinions and hated wasted time. Sometimes this
could be very unpleasant (note to self: don’t choose a journal-club paper
by a lab of one of Arthur’s best friend’s competitors…. A very unpleasant
hour will result). He had some apparently completely arbitrary rules: for
example, although he was always encouraging us to try new techniques
and approaches, when I was in the lab, we were not allowed to use in-line
UV monitors and chart recorders to follow our chromatography runs, but
rather had to take small fractions of each sample and measure the protein
concentration by both UV absorbance at 280 nm and Bradford reagent.
But this is this not what is most important about Arthur and his
influence. The most amazing thing about Arthur’s lab is that, although
he was tough on us, he believed in us and in our ability to solve problems,
learn new things and succeed. As I’ve said, he was ‘the boss’, but from day
one that I was in his group, there was a way in which he also treated me
like a true colleague. He gave me drafts of manuscripts he was working on
(research articles, reviews, grant applications) and truly wanted and listened to the comments of a 22-year-old ‘girl’ from Wisconsin. When I was
a second year student, he showed his trust in me in an amazing way. Now,
picture another Monday morning ‘Arthur test’ after the science chat:
AK: “Tania, what do you know of Italian art?”
TB: “I took art history in high school. The teacher said we
should all go to Florence someday.”
AK: “How about Thursday? I can’t go.” [because of his wife’s
illness]
I was terrified. I had never been out of the country before—and could
I really give a talk in place of Arthur Kornberg? But he told me to go get a
passport, we worked on a talk, and I went. I believe my career was helped a
great deal by the fact that I spoke in his place several times during that sad
time in his life, and he made sure I was ready and believed I could do it.



I also had the incredible experience of writing many articles with
Arthur, and then the second edition of his book DNA Replication.
Writing is hard, unrelenting work, and we certainly had our moments
of frustration. But Arthur showed amazing flexibility in being able—
and, in fact, in choosing—to write with me. I’m dyslexic, and thus spell
very badly; in contrast, Arthur spelled well, and had very tiny, exact
handwriting. And these were the very early days of word processors,
much before sophisticated spell checkers, so Arthur got to see my errors.
He fundamentally could not understand how it could be that I could write
but never had learned to spell. And he even got upset that I was making
his spelling worse by exposing him to all these random letter combinations.
It must have driven him insane; yet he worked with me, tried to
understand the condition, and once again really treated me as an equal
coauthor in writing the book, an amazing honor and responsibility.
Here is a list of some of the things I observed and admired most
about Arthur:
1. Data are what it is all about. They are our keys to the universe.
He always looked at our data, even failed experiments by
first-year students.
2. It is essential to share reagents and protocols both within the
lab and between labs, even with your competitors, rapidly
and fairly. We worked very hard purifying proteins, and then
we sent them all over the world, to people we didn’t know
and who might be doing experiments we wanted to do. But
he set up a fair policy for doing this, and he followed it.
3. It’s not all about being smart. Decide what you want to do,
work hard, pay attention and seek advice. You can succeed.
4. Writing and presentations are always important. Arthur
told me on several occasions something like: “You never
know how you will make your impact. There could be
some student sitting in the back of a lecture hall in Kansas,
or reading this book in South America, who will think of
something, and then do the right experiment, and find
something truly important.” He worked very hard on his
(and our) writing and presentations.
5. Science is also about community, and communities are built
up of people. Look out for your people.
I remember so much from those days, but I think my favorite ‘Arthur
quote’ is, “Are you living your life like you are planning to fail?”. I believe
he said it to me twice, once
kindly, once less so, but both
were very useful. In each case
I was going over plans, a mix
of experimental and careerpath plans (we call them
‘exit-strategy’ talks now),
and he was frustrated when
I was leaning too much
toward a ‘safe route’. This
comment was an amazing
gift, as was his insistence on
meeting my mother (alone)
when she was visiting to tell
her I was doing well. No,
Arthur, I’m not living my life
planning to fail; I’m looking
for the key to the universe.
Thank you!
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As a mentor
Arthur taught me, as he did countless others,
to be focused,  demanding, ambitious and
rigorous in research endeavors. Although
Arthur’s reputation was intimidating, a feature
of his style that stands out in my recollection was
openness. The intensity yet general collegiality
that existed in his lab created an environment
that fostered communication and collaboration.
He insisted that we share: we shared reagents,
precious protein preps, and information
(at group meetings we  photocopied pages
from our notebooks to distribute to the other
members of the lab). Arthur was a biochemist,
but he was also a teacher.

Group meeting circa 1984: from left to right, LeRoy Bertsch, Kazuhisa Sekimizu,
Arie van der Ende, Tania Baker, Satoko Maki, Arthur, Tohru Ogawa, Hisaji Maki, Barbara Funnell.

Elmar Wahle
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My first six months in Arthur’s lab were a nightmare. He told me I should “get
my feet wet in a tepid pool” and, like any newcomer to the lab, purify a certain
protein by what was supposed to be an established procedure. It was not.
First, I did not get the assay to work, and when that problem was solved, the
protein did not behave according to protocol. It took me six months to sort
this out. My rehabilitation came when Arthur’s veteran research associate,
LeRoy Bertsch, confirmed all my results. Then I got my ‘real’ project off
the ground in a couple of weeks, and the remaining two-and-a-half years
were the best time in my life.
I learned an incredible amount. I learned from Arthur, I learned in group
meetings, I learned from individual group members and from others in the
department. Above all, Arthur was the one who taught me and all of us a
serious attitude toward science and toward experiments.
It is common knowledge that Arthur was tough and also blunt, and I can
confirm this. I guess one had to work in his lab and get to know him a little
better to appreciate that he cared very deeply about the people surrounding
him. The affection he showed for us is something I will not forget.
Here are three little stories. The first two say something about
Arthur’s reputation and how much I owe him. The third reveals the
not-so-tough side of Arthur.
After the three years I spent in Arthur’s lab, I went to Basel, Switzerland, Arthur Kornberg Symposium, 1988
to work with Walter Keller. Over the phone, Walter offered me a five year
staff position in his lab and, if I remember correctly, even promised that I
would be able to publish independently (a promise he kept). He had never seen me, and there was no job interview. The main reason was that I came
from Arthur’s lab—that was recommendation enough.
A couple of years ago, I was talking to an American colleague. In the course of the conversation I happened to mention that I had worked for Arthur.
She looked at me and said, “Oh, so you worked for Arthur! Well, that explains a lot!”
At a time when Arthur traveled very little because of the illness of his wife Sylvy, he attended a meeting for just one day to give his talk and then left.
During the discussion after his talk, there was a debate about a particular aspect of oriC replication that a geneticist had worked on. Arthur made some
skeptical remarks and then said, “There is a lot of smoke there; maybe there is some fire.”
Back in Stanford, I told him that people had perceived this remark as rude toward the geneticist who had done the work. Arthur did not say much, but
when he submitted the written version of the talk, he cited only six references. Five were from his own lab. The sixth paper was from the person whom
he thought he might have insulted, and it dealt with the disputed topic.
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An extraordinary person who transformed all who knew him
I joined Arthur’s lab in 1982 as a postdoc. He was 64, and I thought he probably didn’t
participate too directly in the day-to-day functioning of his lab or his people.
Boy, was I wrong about that. After my first few experiments, he called me into
his office to discuss the results. I thought I’d brush over the details and quickly get
out of there and back to work. But he grasped everything I was doing and thinking
in a heartbeat, and sized me up too. He said I was doing all the controls before the
experiment, and that I worried too much about problems before they even arose—a
practice he called ‘borrowing trouble’. The experimental design was very complex, yet
he advised me to do the entire experiment and see how it went. He described it as a
ship in the night going over rocky shoals. He said the rocks might be far enough below
that the ship would cruise over the top, I’d make fast progress, and I’d never know there
was anything to worry about. I left his office with the realization that Arthur was very
smart, a quick thinker, and a force to be reckoned with. I wasn’t at all convinced his
approach was right. But I tried it. The whole experiment worked!
Arthur not only taught science, he was an incredible human too, and taught many things about life—too much to say here, or anywhere. One lesson
that seems appropriate here is that he felt that to know and do science is not work—it is a privilege, and you are lucky to be able to do it. Sometimes
it is hard to remember that lesson, given some of the difficulties science dishes out, but I have only to think of him for a short time to bring it all back
into perspective. Doing science really is a privilege—we are all lucky—and Arthur personified that, from the yowl of birth to the hush of death.
His advice on setting up my own lab was invaluable. First off, just before I took my job as an assistant professor at Cornell Medical College, he
convinced me that I should continue working on the E. coli system, even though I’d told them on my job interview I was going to work on eukaryotic
viral replication. Second, he advised me to do the work for my first few publications with my own hands, plus the help of a tech, rather than rely
on new students or postdocs. His advice worked for me.
Arthur was certainly not all peaches and cream. His tough reputation preceded him, and in fact I was advised by several people not to do my
postdoc with him. But I had fallen in love with his enzymes as a first-year grad student, when I picked up his first book, DNA Synthesis, and
read it cover to cover without putting it down from midnight to dawn. Part of his rigorous demeanor was to get the science done and to do
it right. He was very good at explaining why his way was right and yours was so completely wrong. One way to get him particularly irritated
was to do experiments that were not ‘right’, because they wasted time. He considered time the most valuable commodity, intolerable to waste. The
discipline he demanded from his people turned out in the end to be a form of freedom.
Although I haven’t worked with Arthur for many years, he is with me every day.
I’d say I’ll miss Arthur, and I probably will, even though I feel he is always there. In fact, his lessons
take on new and unexpected meaning for me with each year that passes. Those who will miss him
the most won’t even know it, because they are the ones who would have worked for Arthur had he
lived even longer. They are the ones for whom we write this. Meanwhile, I do the best I can to weave
Arthur’s fabric into those who work with me.

Dale Kaiser
Department of Biochemistry, Stanford University, Stanford, California, USA.
e-mail: kaiser@cmgm.stanford.edu

In the early 1960s, my group and I were investigating the colinearity of the gene map and the DNA
sequence of bacteriophage λ DNA. Arthur and his postdoctoral fellows made our test possible by
giving us highly purified E. coli exonuclease III and DNA polymerase I. Equally importantly, they
also counseled us about the specificity of both enzymes, which enabled us to use them to obtain
the structure of DNA ends. We had expected that exonuclease III working from a DNA end would
destroy genes at the ends of the λ recombination map before it destroyed those in the middle of the
map. But when Hans Strack carried out the experiment, he found instead that a gene in the middle
lost its activity at the same rate as a gene at the left end. To clarify this finding, Charles Richardson,
one of Arthur’s postdocs, suggested that we try to repair exonuclease damage with E. coli DNA
polymerase I, as he, Inman and Kornberg had done with phage T7 DNA. Instead of repair, Strack observed a further loss of λ DNA infectivity. As a
control experiment, Strack examined the effect of DNA polymerase on native λ DNA. To our surprise he found that the polymerase rapidly inactivated
λ DNA, destroying genes in the middle of the map at the same rate as those near the end. Moreover, subsequent treatment of the polymerase product
with exonuclease III restored the lost activity. The inactivation by DNA polymerase I had the kinetics of a chain continuation reaction, rather than a
chain initiation. The detailed specificities of DNA polymerase I and of exonuclease III, as determined by Arthur and his group, led to the suggestion
that the 5′ ends of both strands overhung the 3′ ends at both ends of a molecule of λ DNA (H. Strack and D. Kaiser, J. Mol. Biol. 12, 36–49; 1965).
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A great teacher
Arthur Kornberg was an inspired teacher. He would place your project,
which you first thought was insignificant and boring, into a larger picture
and make it seem the most important of all. His ability to inspire people
was most impressive. This, and his obsession with time, are the first things
that come to my mind in thinking about Arthur. He was a strict guardian
of time. For each stretch of time ahead of us we must make comparisons
and plan to do the experiments that were most worthwhile. He hated it
if time was wasted. I thought he might object to me, one of his postdocs,
spending large parts of my time with my children and not in the lab.
When we moved to California I had a daughter, Torunn, about one year
old, and after about three years Hanna was born. After maternity leave,
I came back to the lab and worked 50% for some months. Arthur asked:
“And what about your bench? Is it going to be used only half the time?”
But he valued highly both time spent with children and time spent in the
lab. He could take the most complex problem and interest anyone, including children. We took our daughters back to California 12 years later and
Kirsten Skarstad with her two daughters in Arthur’s office.
visited Arthur in his office in the Beckman Center. He spoke mostly to
them. They found the experiments he described extremely interesting.
Under Arthur’s influence, they would have become scientists. He was the most wonderful storyteller. This I also experienced following his
graduate-student course in 1988. He taught the normal biochemistry, but in such an inspiring way, with the most captivating detail and
with examples from his own career. Under Arthur I felt I had a legend as a teacher.

Boyana Konforti
Editor of Nature Structural & Molecular Biology. e-mail: b.konforti@natureny.com

One of the lucky ones
As a graduate student in the Biochemistry department at Stanford University,
I
I knew that I was one of the lucky ones. It wasn’t just that I came from a
a
virtually unknown university in Toronto or that I was one of only five incoming
students that year or that I was the only female in my class. It was the sense
that I had arrived someplace very special. A place where we were all expected
to
to succeed but also a place that made that goal possible. And that place was
built and nurtured by Arthur. There was a sense of community, of shared
responsibility for the success of all the members of the department, and this
manifested itself in obvious and not-so-obvious ways. All the equipment was
shared, as were all the supplies in a common, open stockroom. This was possible
because all the labs were kept more or less the same size and were small (certainly by today’s standards). We had journal club once a week at noon in the
library where  everyone took turns presenting papers—professors, students,
postdocs, technicians, and research associates alike—and these presentations
were packed. If you were in town, you were at journal club—eating lunch, asking
questions, learning new science. There was also the departmental retreat where
each lab presented its latest and greatest findings. These meetings, held at Asilomar for most of my time that I was in the department, were
the most exciting and terrifying of my scientific career because the audience was filled with the people whose opinion I valued most. Arthur
was demanding and rigorous and always asked the tough questions at Asilomar, as he did at our weekly departmental seminars. But that
was preferable to no questions at all—which meant that the talk was either crystal clear (highly unlikely) or boring (far more likely). But
Arthur also paid as much attention to the people doing the science as he did to the science itself. Throughout my graduate days, I had an
active interest in AIDS-related science and policy issues, and one day an issue of Dædalus containing a collection of AIDS pieces appeared
on my desk with a note saying, “Thought this might be of interest to you, A.” I was surprised, but I shouldn’t have been. Arthur demanded
much from others as well as from himself, but he also gave of himself and to those of us who were lucky enough to have known him.
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A tribute to Arthur Kornberg
I spent almost four years in Arthur’s lab, from 1983 to 1987. It happened
by chance: my husband, Hisaji Maki, was going to join Arthur’s lab
as a postdoc, so I took a leave of absence from my graduate studies at
Kyushu University and went to Stanford with Hisaji. I was by no means
ready to work for Arthur. Nevertheless, he introduced me to the world
of biochemistry, just as he did for everyone else in his lab.
“Assay” is probably the word that first springs to mind whenever
I think of Arthur. He taught us how to design and carry out enzymatic
assays quantitatively. Every Monday morning during group meeting,
we would all present what we had learned from our assays, and discuss
what experiments should be done next. In this way, the ‘oriC recon’
Satoko Maki, with her son, Arthur and his wife, Carolyn Frey Dixon Kornberg.
was gradually unveiled, week by week. I myself worked on DNA
polymerase III holoenzyme. I became fascinated by assays.
Twenty years later, I am still studying DNA polymerases. Ever since I came back to Japan, I invariably ask myself, when planning experiments,
“What would Arthur say?” How many times have I read Arthur’s “Ten Commandments”? The third—“Do not believe something because you
can explain it”—is the one I like most, and the hardest one to follow. Technological developments in the past decade have made it easier for
us to obtain all sorts of information about enzymes, but they also make it harder for us to think and plan assays objectively; without thinking
and planning, the truth is rarely found. Enzymes do far more than we can imagine. Arthur’s First Commandment: “Rely on enzymology to
clarify such biologic questions.”
There is a promise I made with him that I have not been able to keep. He urged me to raise my son to be bilingual. (His experiences with
many Japanese postdocs probably made him say that.) So far, Takashi is having a hard time learning English and is far from being able to speak
the language fluently, but I hope there is still time for me to keep this promise.
I am most grateful to Arthur for letting me in his lab, for exposing me to the front line where science makes progress, and for giving me a
treasured tool with which to unravel the molecular basis of life.

Tsutomu Katayama
Department of Molecular Biology, Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka, Japan. e-mail: katayama@phar.kyushu-u.ac.jp

With gratitude to Arthur
I was a postdoctoral fellow in Arthur’s laboratory from 1990 to 1993. Everyone I met and
everything I experienced there deeply affected what I am today. Of course, Arthur was special.
As many people who know Arthur well say, he was a thoughtful teacher as well as a great
scientist. He thought about science in a clear and direct manner, but he was also a very generous
and patient man. Because of these virtues of his, I was able to discover RIDA  (regulatory
inactivation of DnaA), which highly effectively ensures the restriction of chromosomal
replication in E. coli to once per cell cycle. In early 1990, I wrote airmail letters from Japan
proposing my research plans in his laboratory. I proposed several ideas, but he rejected all
except one. The one he accepted was the biochemical analysis of a DnaA mutant protein that
causes overinitiation of chromosomal replication in vivo.
On the day I talked with him for the first time in his office, he said gently, “Reconstitute
overinitiation in vitro,” which elevated my spirits. Discussion with him was efficient. He
clearly said “impressive” or “not impressive” to each of piece of data. Later on, this study led to
finding regulatory factors for the initiator DnaA. In 1998, one of the factors was found to be a
replicase clamp, and we named this system RIDA. Clamp-dependent regulation of the initiation
protein was conserved even in eukaryotic cells. This was independently found by several other
laboratories in 2006.
In 1991, Arthur shifted the focus of his lab to the study of polyphosphates. I was the last postdoctoral fellow to study DNA replication
in his laboratory. Nonetheless, he provided support and encouragement while I was in his lab and long after I left to start my own. A part
of the last letter from him, in July 2007, says, “The wonder of science is that the circle of problems widens as we learn more. I must become
more knowledgeable about DiaA as well as our old friend DnaA.” DiaA is a new type of DnaA-binding protein that we found. I am grateful
for everything he did for me and think of him often.
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Memories of Arthur Kornberg
On my desk, there is a picture of Arthur and
me talking cheerfully. Arthur signed the picture,
“For Kazuhisa: Best wishes!” For me, the picture
is a priceless treasure. In the background, I can
see Arthur’s desk and  bookshelves. Arthur
appears to be laughing, but in reality, he was
in a very bad mood because our experiments
were not going well. The picture was taken as a
request from a newspaper publisher, and when
the photographer pointed his camera, his face
suddenly changed.
From what I understand, no other
Japanese postdoctoral researcher was
scolded as much as I was. When he found a
problem in my logic, he sometimes used to
raise his voice. On one  occasion, he was so
frustrated, he yelled at me while  pounding
on his desk. While he could be  intimidating
I always believed that Arthur wanted me to understand that being  serious about science was extremely important. I do not know of
anyone who was more serious about research than Arthur. When I was in his laboratory, even when I thought it would be impossible
to organize data because my experimental findings were all over the place, Arthur demanded that I do so. Before I met Arthur,
I used to try different things, hoping to come up with new discoveries. Arthur told me to stop carrying out experiments indiscriminately. I
came to believe that one should conduct research starting with a certain hypothesis. I believe that his advice established who I am today.
Arthur also had a sense of humor. For example, Arthur always complained about my poor English. When he was in Japan recently, I related this
in a speech at a party, and Arthur interrupted me by yelling, “Still!”. I understand that he wanted me to recognize the importance of international
communications in the field of science. In fact, I am afraid that Arthur would still point out my mistakes in this piece.
When I heard the news of Arthur’s passing, I realized how important he was to me. When I give advice to graduate students, I sometimes
ask myself what Arthur would say. I plan to continue striving to hand down Arthur’s passion for proteins to graduate students in Japan.
May he rest in peace.

Joel H Weiner
Department of Biochemistry, University of Alberta, Edmonton, Alberta, Canada.
e-mail: joel.weiner@ualberta.ca

It has been over 30 years since I left Arthur’s group, but there is
one small story that sticks in my mind. After four years as a postdoc
in Arthur’s lab, it was time to find my own position. Although I had a
number of offers for positions at American universities, I am
Canadian, and I received an offer from the Department of
Biochemistry at the University of Alberta in Edmonton. When
I told Arthur I was planning to accept the offer from
Edmonton and head north, he pulled out a map of Canada
which had the permafrost line marked on it. This was not that
far north of Edmonton. He pointed to it and said “You are going
there?? Well, it’s your future.” He found it surprising that I had
selected Edmonton and indicated that in his view some other
job offers would be more appropriate. Well, one of my first acts
upon settling here was to invite Arthur up for a seminar. Upon
seeing the facilities and learning of the extensive ongoing
collaborations in the department and the strong economic position,
he quickly understood my decision. I have never looked back.

Ronald W Davis
Department of Biochemistry, Stanford University, Stanford, California, USA.
e-mail: rwdavis@stanford.edu

Architect of discovery
I knew Arthur Kornberg for 40 years. This passionate man was
s ingle-minded in his dedication to science. Perhaps less obvious
was his ability to establish an environment that was conducive to creative
research. The rules were simple: Share everything—not only reagents,
enzymes and equipment, but also co-funding important facilities for
everyone’s use. Make sacrifices—both to improve your own research and
(an unprecedented concept!) to improve your colleagues’ research.
Arthur regarded everyone that had ever been in the department as
‘family’ and was dedicated to their success. I once ask Arthur how he
had built such an exceptional department. He answered, somewhat
jokingly, “by being selfish.” He explained to me that by recruiting
people that were smarter than he was, and by helping his colleagues do
better research, he was creating conditions in which his own research
would flourish. Arthur’s research  flourished. Everyone’s research
flourished. It was scientific paradise. It is surprising how powerful
Arthur’s approach has been, and sad how seldom it is embraced.
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If it doesn’t kill you outright, it will make you stronger
“Troubles are good for you.” —Ephraim Racker
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“Nothing worthwhile is ever fun.” —Arthur Kornberg
Everyone warned me. “Don’t do it,” they said. “You DO NOT want to
work for Kornberg. You DO NOT have a strong enough personality.” Even
Arthur himself tried to talk me out of joining his group, thinking I’d be
happier in a lab with less pressure. And he was skeptical about having a
female graduate student, especially one as ill-prepared as I was. But I was
young, naive and idealistic—still enthralled with the romance of science. As
an undergrad at a small liberal arts college, I’d learned that there were two
major unsolved problems in biochemistry: how mitochondria make ATP
and how DNA replication is initiated. I wanted a shot at working on one
of these problems. And I didn’t like people telling me what they thought I
couldn’t or shouldn’t do. So Arthur’s lab it would be.
This was in the fall of 1972. Doug Brutlag, Randy Shekman and Arthur
had recently shown that in the single-stranded bacteriophage M13, DNA
replication could be initiated by Escherichia coli RNA polymerase, which
led them to propose the general hypothesis that RNA serves as a primer for
DNA synthesis (Brutlag, D., Sheckman, R. & Kornberg, A., Proc. Natl. Acad.
Sci. USA 68, 2826–2829; 1971). But in E. coli and another model phage,
ΦX174, DNA replication was insensitive to rifampicin, an inhibitor of
E. coli RNA polymerase. This finding suggested either that M13’s replication
mechanism was unusual or that there was a novel RNA polymerase yet to
be discovered that would be responsible for RNA priming.
Finding this polymerase would have been a great problem for me to
work on. But no, I fell in love with the ΦX174 gene H protein instead.
Based on research by Mike Jazwinski, another grad student in Arthur’s
lab, this viral coat spike protein appeared to be responsible for recognizing
the lipopolysaccharide host receptor, facilitating penetration of the viral
template into the bacterium, and recruiting the enzymatic machinery
for replicating the DNA. How? How could a little 37-kDa protein do all
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these marvelous
things? I wanted
to find out.
Thus
began
almost three years
of abysmal failure.
The  biochemical
approach endorsed
by Arthur required
that proteins be
purified to homogeneity before
any functional
attributions
could be made
with confidence:
“Don’t
waste
clean thoughts on dirty enzymes.” Thus, to figure out what H protein did,
I had to purify it. I could either extract it from phage, which would result
in denaturation, or extract it from infected cells, and for that, I needed a
functional assay, which I didn’t have. I tried A, I tried B, I tried C, and so
forth, to no avail. I’d go in to discuss my latest idea with Arthur, and he’d
endorse my trying it and then, when it failed, he’d ask me why I’d done that
experiment. It seemed that Arthur believed I was the stupidest, laziest, most
incompetent student he’d ever had. For me, H protein was the first time that
I’d so badly failed at something I so desperately wanted. It was excruciating.
Up until then, I’d been able to succeed by virtue of intelligence, hard work
and persistence. Or if I failed, I was dispassionate and moved on. But in
this case, the power of the emotional attachment I had to H protein was
enthralling. It was an obsessive connection of heart and mind. Thus, not
making progress was a grief- and anxiety-producing experience. But Arthur
had no patience for emotionality. When I justified the time spent by pointing
out how much I’d learned, Arthur’s response was that you learn more from
success than from failure. A.K., as we called him, was not a warm and fuzzy
advisor. His was more the tough love approach. At the time, it was acutely
painful, but I learned that I could survive adversity and that self-worth must
ultimately come from within, not from external validation.
In the fall of 1975, Arthur threatened to kick me out
of graduate school unless I changed projects. I was
amenable, because I was completely out of strategies.
While I’d been working on H protein, the rest of the
group had been gearing up to purify all of the enzymes
required for ΦX174 and E. coli DNA  replication.
Based on the identification of a plethora of temperaturesensitive mutants in E. coli, it looked as if the enzymatic machinery was going to be quite complex and
difficult to sort out. But then I got a lucky break. Nigel
Godson had isolated a new phage from the New Haven
sewage system called G4, which he gave to Arthur to
try out. Using a complementation assay, Kaspar Zechel
and Jean-Pierre Bouche found that in vitro
replication of G4 DNA could be accomplished by DNA
binding protein, DNA polymerase III holoenzyme
and the product of the dnaG gene (Zechel, K., Bouche,
J.P. & Kornberg, A., J. Biol. Chem. 250, 4684–4689;
1975). Thus, the DnaG protein was a promising
candidate for the novel RNA polymerase. However,
Zechel and Bouche were  working with a relatively
crude fraction of the enzyme, and didn’t have
time to work out the purification, because they
were scheduled to return home to Europe.
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Thus, I inherited the project of purifying the DnaG protein to
 omogeneity and characterizing its function. And my relationship with
h
Arthur took a more positive turn.
At the time, Arthur employed a conscientious objector to run our
hundred-liter fermenter every night to grow up enough E. coli for the
group to isolate the enzymes required for an in vitro reconstitution of DNA
replication. When several hundred grams of cells had been accumulated,
several of us would work together to lyse the cells and generate initial
stages of fractionated material by ammonium sulfate precipitation.
Arthur fostered, indeed demanded, cooperation among his group.
Each new student or postdoc was assigned an enzyme to purify, and we
were each responsible for supplying that enzyme for everyone else to
use in their assays.
It took me about six months to work out the purification for DnaG.
These were the pre-cloning, pre-overproducer days, and the DnaG
protein is made at about ten copies per cell. You could separate proteins
by size, charge or affinity, typically by passing the protein mixture
through resins poured into glass columns from which fractions would
be collected and assayed for activity. Arthur insisted on our using
‘purification tables’ to keep track of the protein concentration, yield,
specific activity and fold purification for the various fractions.
Through repeated empirical trials, the goal was to work out a
procedure that was reasonably efficient and effective at generating
homogeneous enzymes. Our mantra was: “Yours is not to reason why,
yours is but to purify.” The process could be fairly arduous and time
intensive, as you didn’t want the enzyme to die. Arthur generously left his
office unlocked so that we could crash on his couch while the columns

were running in the cold
room. You wanted to check
often, as  fraction collectors
were known to glitch. I was so
‘into’ this process that I got a personalized
license plate for my clunker car that said PURIFY.
Arthur was passionate about his purify-and-reconstitute
methodology. At one of the biochemistry department Asilomar retreats,
David Finnegan, a postdoc in David Hognes’ lab, had the audacity to say
that he was going to present a purification table. Finnegan proceeded to
show a slide of a literal table with a beaker full of toothpicks on it, next
to a Petri plate with bacterial colonies. At the next Monday morning
group meeting, Arthur ranted about how appalled he was at the level
of disrespect that geneticists had towards biochemistry. How DARE
somebody treat an enzyme like a . . . REAGENT!!!
While I was working out the purification, Jean-Pierre Bouche,
who hadn’t left yet, and I decided to sequence the putative RNA
primer made by the DnaG protein. To do this, we set up a ‘twostage’ reaction—the G4 template, buffer, Mg 2+, DNA  binding
protein, DnaG protein and rNTPs were incubated for about 15
minutes to allow priming to occur at the origin of  replication,
and then the dNTPs and polymerase III (pol III) holoenzyme
were added to complete DNA replication. RNA  sequencing is
tedious—no fun at all, unlike DNA sequencing. We had to use
32P-labeled ribotriphosphates, cut the product with ribonucleases,
run two-dimensional electrophoresis to separate the fragments, cut
out the radiolabeled material, digest with a different ribonuclease,
repeat  electrophoresis and infer the sequence from the data we
got. It took us several months to identify a 29-base hairpin primer:
pppAGUAGGGGACGGCGGCUUUCGCCGUCCAU-dG–DNA.
When Nigel Godson subsequently sequenced the G4 DNA template,
he  discovered that we were off by a base—there were only three
guanines, not four, near the beginning. Vindication!
Arthur now seemed somewhat pleased with me. We had proven
that DnaG is an RNA polymerase and that it makes a unique primer
at the origin of replication. But alas, his pleasure was short lived.
In the group, we had a habit of sneaking in to check out A.K.’s
calendar to see when he was planning to travel. That’s when we’d do
the experiments he’d forbidden us to do. Flush with success, I was
curious about whether or not the addition of pol III holoenzyme to
the first step of our two-stage reaction would alter the length of the
primer. So I set up a simple four-tube experiment with 32P-labeled
rNTPs and 3H-labeled dNTPs so that we could monitor both RNA and
DNA synthesis. Tube A was our standard two-stage reaction. Tube B
included pol III holoenzyme in the first stage, with the dNTPs added
in the second stage. Tube C included the dNTPs in the first stage, with
pol III added in the second stage, and Tube D included both dNTPs
and pol III in the first stage (that is, it was a one-stage reaction).
DNA replication, judged by acid-insoluble counts, was similar for all
four tubes, but in Tubes C and D, we could detect no ribonucleotide
incorporation. This seemed not good. If one thinks about the cell
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During the time I was in Arthur’s lab, I was so intimidated
and dispirited that I failed to appreciate his positive qualities
and the enormous value of the training and character-building
challenges that I experienced. A.K. was a hard taskmaster, with
exacting standards of excellence. I always felt as if I were falling
short—far, far short. And yet, Arthur had a special place in my
heart. When he smiled, he glowed. I hated him, and I loved him.
I thought he was ridiculously fussy, yet I respected his rigor.
Years later, after a 12-year sojourn into philosophy, I joined
Lee Hood’s lab at Caltech, right at the beginning of the human
genome project. Between 1990 and 2003, my life was consumed
with figuring out how to map, sequence and analyze immune
receptor loci, large portions of human chromosomes 14 and
15, as part of the International Human Genome Sequencing
Consortium, and other interesting genomic landscape regions
of various species. Having been trained by Arthur, I had a finely
honed intuitive sense for how to handle large-scale sequencing.
Lessons I’d learned included:
(granting that the cell is irrelevant to the isolated enzyme), one might
imagine that all of the components required for replication would be
simultaneously present. Perhaps RNA priming was an artifact of our
two-stage reaction? Horrors! I repeated the experiment three times
before I nerved myself to tell Arthur the results.
Arthur hated my notebook style. I used loose leaf binders and
occasionally a page would lack a title or date, or my decimal points
wouldn’t line up or, worst of all sins, I’d write with more than one
color of ink. I got no end of complaints anytime I tried to show
him data. When I explained to him what I’d done, and shown him
the numbers, he insisted that I must have made a mistake. He said:
“DnaG is an RNA polymerase. It must make RNA.” My response:
“But Arthur, it doesn’t, not when you put the dNTPs in with the
rNTPs.” Arthur sometimes practiced what we used to call “normative
biochemistry.” He’d have a strong idea about how things should
work and, by nature, they’d better work that way. I was calling his
theory into question. Because Arthur’s confidence in my lab skills
was marginal, he asked one of the postdocs to repeat my experiment;
fortunately for me, he got the same results.
This sent me off on an adventure to figure out what was going
on, the bottom line being that initiation with ATP was obligatory,
but for the rest of the primer deoxynucleotides could substitute for
ribonucleotides. The presence of all four deoxynucleotides markedly
shortened the primer length. I suggested to Arthur that we name the
DnaG protein ‘primase’ rather than RNA polymerase, and Arthur
agreed. By now, he had come around. The simple experiment I’d
done, and its follow-up, resolved the prevailing controversy over
RNA priming. Our competitors had been insisting all along that
RNA priming was an artifact and, if we were getting RNA made, it
must be because of contaminating E. coli RNA polymerase. They
had tried looking for 32P ribonucleotide incorporation but had not
performed two-stage reactions, as we had been doing. Hence, they
never observed RNA synthesis.
Arthur, Jean Pierre and I published the whole story in three
back-to-back Journal of Biological Chemistry papers (Rowen, L. &
Kornberg, A., J. Biol. Chem. 253, 758–764; 1978; Bouche, J.P., Rowen,
L. & Kornberg, A., J. Biol. Chem. 253, 765–769; 1978; Rowen, L. &
Kornberg, A., J. Biol. Chem. 253, 770–774; 1978) and I got my PhD,
having finally made good. It was deeply satisfying to have produced a
classic biochemistry dissertation. I ended my defense with a slide, taken
from a vendor catalog, that said: “To examine the quality of protein is to
examine the quality of life.” This is, in many ways, profoundly true.
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• Build a team of dedicated and competent people.
• Figure out what the endpoint is and how best to meet
that objective.
• Pay attention to details, be careful, keep track of components,
be rigorous.
• Use analytical skills to advantage.
• Share data and procedures openly.
• Stand up for what you think is most true and most
sensible, even if others don’t agree.
Over the years, I was fortunate to have several chances to converse
with Arthur after I left Stanford. Our exchanges were always warm and
wonderful, and he always seemed delighted to see me and find out what
I was doing with my life. And he asked outrageous questions. I got the
sense that he was fond of me, and probably always had been.
Arthur’s lab was like the alchemical alembic. A.K., the master
biochemist, transmuted coarse raw material—the sloppy, ill-formed,
imprecise minds of graduate students—into the intellectual equivalent
of gold. The process was difficult and troubling—but perhaps there is
no other way to effect such wholesale transformation. I will always be
grateful for what Arthur gave me. It was a privilege to be his student.
(Lee Rowen was Arthur Kornberg’s ninth graduate student, residing
in his laboratory from 1972 to1977.)
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Personal remembrance of Arthur Kornberg
I laugh whenever I recall a meeting with Arthur Kornberg in his office at Stanford during the fall of 2000. We were discussing Arthur’s long-standing
and reinvigorated overriding interest in polyphosphates when a recent Stanford graduate student entered the office and mentioned that his new
postdoctoral mentor was casting aside his professorship, along with a Howard Hughes Investigator award, to accept a prominent industrial position,
thus leaving the student to find a new postdoctoral position. Speaking to no one in particular, I asked aloud, with naiveté, “Why would anyone
leave a superb academic life for a life of consummate industrial stress and bottom lines?”. Arthur placed a paternal arm on my shoulder and with a
sympathetic look replied: “You need not worry about having to make that choice, Myron, as no one is offering you that job.” Yet another example of
how the truth will set one free, and, more importantly, an example of Arthur’s insightful sense of humor.
In a gift copy of his 1989 autobiography For the Love of Enzymes, Arthur inscribed “to a grandson,” in recognition of my postdoctoral years with
Moishe (Maurice J.) Bessman of the Nobel papers by Kornberg, Lehman, Bessman and Sims describing the discovery of DNA polymerase. It was at
Moishe’s 70th birthday celebration at Johns Hopkins University in 1998, hosted by my wife Marion, me and Sam Bessman (Moishe’s older brother),
that Arthur reminisced that over a period of about eight years he would receive a holiday card from “The Bessmans” with a family photo on the front
of the card. Every other year would see an increase in numbers, with Moishe shown to the far left of the card. Arthur showed a slide of each card to
the audience and mentioned that the size of Moishe and Zete’s family (Sheri, Cindi, Eddie and Debbie) was space limited. Arthur said, “One more kid
and Moishe would have screwed himself entirely out of the picture”. To me, this is a priceless remembrance.
On the afternoon of Friday, October 26, I was speaking at Pomona College in Los Angeles.
After the acknowledgements slide, I included an extra slide entitled “Ten Commandments
of Enzymology Amended” (A. Kornberg, Trends Biochem. Sci. 28, 515–517; 2003), the first
commandment being the one nearest, I think, to Arthur’s heart and surely central to his
enormous legacy: “1. Rely on enzymology to resolve and reconstitute biologic events.” And
I included the following related comment by Arthur, aiming principally at the Pomona
undergraduate biology and chemistry students: “In the movie History of the World, Part 1,
depicting the ten commandments, the comedian Mel Brooks is Moses descending from
Mt. Sinai carrying three tablets. He drops one and it shatters; he sighs: ‘Oh well, ten commandments
are enough!’ Not so! The most important of the commandments was on the lost tablet: ‘Thou
shalt support basic research’.” I learned only afterward, in an email from Roger McMacken, that
Arthur had died earlier that Friday afternoon. Regarding Arthur’s influence on me, I can say that
vis à vis Commandment 1, I am trying to the best of my ability to ‘keep the faith’.

James Spudich
Department of Biochemistry, Stanford University, Stanford, California, USA.
e-mail: jspudich@stanford.edu

There are few scientists who have affected the world of biology as Arthur did.
Much of what we take for granted in modern molecular biology stems from
his work and that of his trainees and close colleagues. He loved enzymes.
Their magic fascinated him. He was focused on experiments up to the very
end, and he continued to remind us all of the importance of identifying an
enzyme activity of interest, designing an appropriate quantitative assay to
measure it, purifying the relevant protein or protein complex by following
its activity, and then using the assay to completely characterize the system
of interest. Having been a young, impressionable PhD student of Arthur, I
have greatly profited in my own career from the lessons learned from him.
I had the great pleasure of working again with Arthur and his laboratory
members in his last years, focused on polyphosphate metabolism and its
roles in both prokaryotic and eukaryotic cells. We introduced him to the
eukaryotic model system Dictyostelium, which proved to have particularly
interesting activities involving polyphosphate metabolism. What a pleasure
to watch him! His mind never slowed down, still focusing on discovery of
what enzymes can achieve and still reminding the members of his lab that
“a day without research is a day wasted.” He lived that creed. But Arthur
was much more than a scientist for those of us who had the privilege of
knowing him well. He was a warm and caring human being, with a special
charm. Anna and I still have the telegram he sent us when we were married
in the Midwest during my PhD student years: “Congratulations and all the
best to the Queen of the East and the Prince of the West.”

Suzanne Pfeffer
Department of
Biochemistry, Stanford
University, Stanford,
California, USA.
e-mail:
pfeffer@cmgm.stanford.edu

I visited Arthur at Stanford hospital on a Saturday afternoon, just
days before he died. His face lit up, and no one will be surprised
to hear that the first thing he asked was “How’s it going in the
lab?” He was a dear friend who was always interested in hearing
about how proteins carry out complex events in cells. In his later
years, he would happily regale you with his latest discoveries on
p olyphosphate. Despite perceptions to the contrary, he evolved
into a strong supporter of women in science—as long as they
shared his love of enzymes. He had been confused, for a time,
when so many women he had trained in earlier years left science
for other pursuits. Later, he could point to a number of women
he had trained, collaborated with or worked with as excellent
s cientists and role models. Luckily Arthur’s illness was short and
his suffering minimal. He came to the lab almost daily, and was
happy to talk science, up until just a few weeks before he died at the
age of 89. He was a remarkable man and will be sorely missed.
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A tribute to Arthur Kornberg
In August 1961, Ingrid and I arrived in Palo Alto a few weeks after our
wedding in the gothic Duke Chapel and after the completion of my
first year of residency in internal medicine at Duke Hospital. Upon
my arrival at Stanford, I found that most members of the Department
of Biochemistry were in Moscow at the International Congress of
Biochemistry. Fortunately, Roger Kornberg was spending this sumCharles Richardson, Herbert Tabor and Arthur in 2006.
mer of high school working in his father’s lab, and so he meticulously
taught me the intricacies of a polymerase assay. Arthur was not at all
concerned over my meager experience at the bench, let alone my lack of familiarity with DNA metabolism, for which fortunately there was
at the time no vast literature. Rather, he was pleased to see that a year of residency under the legendary Eugene Stead made the long hours in
the lab a virtual leisure activity. I soon became acquainted with Arthur’s ‘love of enzymes’ when he suggested I prepare DNA polymerase from
several tons of E. coli cells, and with his passion for science when I found him peering over my shoulder as planchet after planchet was manually
cycled through the gas flow counter, eager to see the results of even a simple ammonium sulfate precipitation. Our small lab group of four or
five met for daily morning lab meetings that left no stone unturned.
I didn’t appreciate it at the time, but Arthur’s close scrutiny did not extend to micromanagement of projects—criticisms and suggestions,
yes, but no dictatorial approach. Perhaps the profoundest lesson I learned from Arthur was his management of the laboratory and the
department, of which he was chairman at the time. Students, postdoctoral fellows and faculty were all considered scientific equals, some with
more knowledge and experience in the field, but all equally capable of pursuing a particular problem and of giving advice worth considering.
This philosophy extended beyond the lab. Arthur knew the spouses and children of his lab and department colleagues, and nurtured the
relationships by spontaneous invitations on Sunday morning to his house for a day of swimming and tennis.
When, after two years (a then-normal postdoctoral time period) I came to Harvard Medical School, I attempted to emulate his style of
research and management. Most important to me has been to allow students and postdoctoral fellows to develop their own projects and to
provide a working environment that conveys what we all know: science is fun. Arthur’s mentoring did not stop when training in his lab was
completed. Two years ago Arthur made the introduction for my delivery of the Herb Tabor Lecture at the annual meeting of the American
Society of Biochemistry and Molecular Biologists. Reviewing a picture of that occasion, I recall
wondering in 1961 when I first met Arthur how it would be to work with this distinguished
older professor and Nobel laureate. It was one of the best decisions I have ever made and I have
enjoyed almost fifty years of friendship with Arthur. I miss him greatly.

Rich Calendar
Department of Molecular & Cell Biology, University of California, Berkeley,
California, USA. e-mail: rishard@berkeley.edu
Arthur, A. Falaschi
and R. Holliday at
CSH SQB in 1978.

Piotr Polaczek
California Institute of Technology, Pasadena, California, USA.
e-mail: polaczek@cco.caltech.edu

While attending replication meetings, I rarely missed an opportunity to
hear Arthur Kornberg’s presentations. Sometime in the early nineties
he would describe his encounter with one of the sales reps inquiring
about the kind of research conducted in the lab. Upon hearing the
answer “DNA replication,” the rep responded, without missing a
beat, “Oh, we have a kit for that.” Each time the story was told,
and I heard it several times, the audience roared. Arthur seemed
to enjoy these moments. A few years later, he quit working on
DNA  replication to pursue his other love interest, inorganic 
polyphosphate. Maybe the sales rep had inadvertently helped
him in making this difficult decision.
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An appreciation
When I entered the Stanford Biochemistry Department as a graduate student
in 1962, I was delighted to see how available Arthur was for answering
questions. Moreover, he did personal entertainments: I was among the
many whom he challenged to play tennis on his private home court. He
ended the match by offering a bottle of Carlsberg Elephant Beer. Before
coming to Arthur’s department, I had been apprehensive to hear that a
60-hour work week might be normative. However, when I saw how much
fun people were having there, I stopped worrying and started working.
Arthur had set up a wonderful seminar system. Every Tuesday and Thursday
we ate lunch in the library while listening to a presentation. No time was
wasted. There were rarely more than 40 people in the room, and everyone
was encouraged to ask questions. When a member of the department
discussed a recent paper or his own recent work, he left copies of a written
account at the door, so that one could not forget what had been presented.
When the speaker was from outside the department, no documentation
was required. The speaker was rarely considered special in any other way.
Arthur often asked a distinguished outside speaker, “How do you know
that?” After four years of Arthur’s seminar system, I concluded that he had
taught me how to think. Before 1962 I had not known how to do that.
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after Arthur Kornberg. In  reflecting
on Arthur and his  influence on
my life, it strikes me as remarkably
fitting to have met a tiger named
Arthur Kornberg.

Ludwig Institute for Cancer Research, La Jolla, California, USA.
e-mail: rkolodner@ucsd.edu

© 2008 Nature Publishing Group http://www.nature.com/nsmb

My memories of Arthur Kornberg
My first meeting with Arthur Kornberg took place when I was a firstyear graduate student at the University of California, Irvine. In those
days, the labs in California working on the small single-stranded
DNA bacteriophages would get together periodically to discuss their
work. That year’s meeting was held at UC Irvine. I remember sitting
in the auditorium on a Saturday waiting for the various attendees to
arrive. At one dramatic moment, Arthur walked in from the rear of
the auditorium and down the left aisle, trailed by the largest group
of lab members I could have ever imagined. What followed later
in the day was a series of remarkable presentations from Arthur’s
lab describing for the first time some of their work on the in vitro
reconstitution of DNA  replication systems for different singlestranded-DNA bacteriophages. The presentations featured not only
protein purification and enzymology, but also remarkable electron
microscopy that brought the reactions to life. The work was clearly
a cut above anything I had seen before. I realized on that day that if
I wanted to become a great scientist, I had to study the work of great
scientists and aspire to achieve at their level of scientific rigor and
sophistication. Although that event took place more than thirty-five
years ago, I can still recall all of the details of that day vividly.
Arthur’s work inspired me to study the enzymology of DNA
metabolism. However, I did not see Arthur again until after I started as
a postdoctoral fellow in the lab of Charles Richardson, who had been a
postdoc in Arthur’s lab. Since starting as a postdoc, I have seen Arthur
many times in different venues. When I visited Stanford, Arthur always
made time to see me, and when our paths crossed at meetings, we always
found some time to talk. Arthur was always interested in my work, but he
also never failed to tell me about his own work. From our scientific interactions, I was impressed by his never-ending interest in his own work,
his competitive nature, and his drive to continually make significant
contributions, all of which contributed to Arthur’s being one of the best
scientists I have known. Over those years I had also come to know Arthur’s
colleagues at Stanford, his scientific competitors, many of the present and
past members of his lab and the present and past members of their labs,
that is, Arthur’s scientific progenies. There was always the feeling of a bond
with all of those individuals, sort of a clan held together by a common
experience and a
shared  scientific
interest,
and
many friendships
have resulted
from this association. Two friends
and members of
this clan, Jack
Griffith and Paul
Modrich, once
named a tiger

Arthur and
Michael
Bleyman,
~1980.

Jack Griffith
University of North Carolina Chapel
Hill, Linberger Comprehensive Cancer
Center, Chapel Hill, North Carolina, USA.
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With many stories of Arthur’s strong dedication to science, I felt a
softer view that others may not have known was in order. I owe Joel
Huberman a debt of gratitude for introducing me to the Kornberg
laboratory. Joel had moved from Caltech to Stanford to be a fellow
with Arthur. On a visit back to Caltech, where I was a graduate student
and had worked out ways of visualizing DNA-protein complexes
by EM, Joel suggested that we look at DNA polymerase I bound to
a nicked DNA he had constructed by EM. That began a very long
and fruitful connection with Arthur, first as a fellow and later as a
colleague whom he would call and urge to think about ways of using
EM to examine polyphosphate synthesis. This story has to do with
his enjoyment of dogs and special cats.
It was around 1976 when Arthur and Sylvia invited me to join
them for Thanksgiving dinner, along with Ester Lederberg. Midway
through the dinner there was a heavy knock on the door. A small
yellow dog had been hit by a car in front of the Kornberg house,
and the people at the door were asking if it was their pet. It was not,
but Arthur immediately took in the dog, who had a broken leg, and
phoned one vet hospital after the other until he found one that was
open. The dinner was put on hold while the yellow dog was taken for
care. I later found out that they adopted the little yellow dog with a
broken leg, whom they named Yoffee.
My move from Stanford to the University of North Carolina was
made easier by knowing that my friend from Bob Lehman’s lab,
Paul Modrich, had just taken a position at Duke, close to UNC. After
settling into UNC, I met a faculty member, Michael Bleyman, who was
running a preserve for endangered cats in the countryside 15 miles
away. Paul, his wife Vickers and I became regular weekend volunteers
at the Bleyman preserve, feeding cats, building cages and on occasion
taking kittens, ranging from the smaller servals to Bengal tiger cubs, to
our homes for temporary bottle raising. Indeed, Paul and Vickers and
I adopted serval kittens, who lived at our homes for many years as regular but unusual pets. At that time Bleyman was breeding many litters
of Bengal tigers, and being a molecular biologist himself, Bleyman,
with encouragement from Paul, Vickers and me, decided to name
one of the young Bengals after Arthur Kornberg. Of course, this was
the largest and most boisterous of the litter. At Stanford, Arthur was
informed of his namesake and seemed most delighted.
Not long after this, Arthur met Arthur at my home in Chapel Hill.
Arthur the tiger was roughly 75 pounds and extremely playful, and
we have many photos, including those shown here. During that visit, I
presented a copy of DNA Replication, the large red volume, to Arthur
the tiger, who indicated his interest in consuming it. Later during a
catnap he found it to be a fine pillow. This photo of Arthur the tiger
asleep with his head on Arthur’s book was prominently displayed in
Arthur’s office for many years.
Arthur made numerous  subsequent  visits to UNC and Duke
over the years, and the highlight of each was a trip to the Bleyman
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preserve to meet
Arthur the tiger
face to face. By
this time Arthur
the tiger had
grown to nearly
750
pounds
and had been
given a large
and luxurious
compound for
himself.
On
the
f requent calls
from Stanford
to chat about
polyphosphates
and EM, Arthur always began with asking about his namesake, who
lived to 25, a very good age for such large cats, and was the most
photographed and admired tiger at the Bleyman preserve.

Department of Biochemistry, Duke University Medical Center, Durham,
North Carolina, USA. e-mail: modrich@biochem.duke.edu

The five years I spent as a graduate student at Stanford Biochemistry were
an extraordinary experience for me, but it was only after I left that I realized
how truly unique and wonderful the culture of that Department was—
and it was common knowledge, even among the students, that Arthur
Kornberg was largely responsible for establishing and nurturing those
values. When I interviewed as a potential PhD student, Arthur told me that
I didn’t know what biochemistry was. He was right. I then had the good
fortune to learn biochemistry as a student in Bob Lehman’s lab, and as
such proudly consider myself one of Arthur’s scientific grandchildren.

Charles Brenner
Departments of Genetics and Biochemistry and the Norris Cotton Cancer Center,
Dartmouth Medical School, Lebanon, New Hampshire, USA.
e-mail: charles.brenner@dartmouth.edu

Reflections upon the passing of Dr. Arthur Kornberg

Bruce Stillman
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, USA.
e-mail: stillman@cshl.edu

I first met Arthur Kornberg when, as an Australian graduate student,
I attended the 1978 Cold Spring Harbor Symposium on DNA
replication and recombination that was held to celebrate the twentyfifth anniversary of the double helix discovery. I was then working on
protein priming of adenovirus DNA replication, and after my talk on
this subject, it was clear that Arthur was quite skeptical about the concept that a protein-dNMP could prime synthesis by a DNA polymerase
on a template DNA. Even though he did not like the idea, it turned out
to be correct for some linear genomes, although it is not the mechanism
that maintains the ends of cellular chromosomes.
My other main contacts with Arthur were during trips to Stanford
throughout the 1980s and early 1990s, one, on average, every two years,
to present a seminar in his biochemistry department. It was during
those occasions that I had the opportunity to discuss with him our
latest on eukaryotic DNA replication and hear about the exciting work
from his laboratory on the biochemistry of replication of the E. coli
chromosome. Then I had much more to tell that interested him, and
those conversations were always of great value to me. Arthur was a
consummate biochemist, and one had to be very precise in describing
ideas, experiments and results to him, as he rapidly focused on the
important questions and issues. This was evident from his research
that addressed most of the main biochemical steps for DNA replication
in bacteria.
Stanford University owes much to Arthur Kornberg. It was he, perhaps
more then anyone else, who put Stanford on the map in the medical and
biological sciences, creating an environment that had a huge impact on
all of biology, an impact that went far beyond that of the work from his
own laboratory. The Department of Biochemistry at Stanford was the
strongest concentration of talented scientists in biology: small, focused
and all of its members making powerful contributions in a variety of
areas of biochemistry and genetics. It was always a pleasure to visit there
and learn of cutting-edge science, but mostly to once again see Arthur
and discuss his favorite topic. He was a towering force in the biological
sciences, in his own quiet but very influential way.
I will miss him.
16

Paul Modrich

I am extremely fortunate to be one of Arthur Kornberg’s many
intellectual grandchildren. From 1986 to 1988, I worked in the DNAX
Molecular Biology Department, which was directed by Arthur’s former
postdoctoral fellow Ken-ichi Arai. From 1988 to 1993, I was a graduate
student of Arthur’s former graduate student Bob Fuller. During those
years at Stanford, Arthur trained the last of his postdocs who worked
on DNA replication,  including Tania Baker, Zenta Tsuchihashi,
Elliot Crooke and Kirsten Skarstad. Arthur’s laboratory did not shut
down, though, and he had a steady stream of visiting scientists and
postdoctoral fellows, who produced an impressive body of work on
polyphosphate for the next 14 years.
The Kornberg School of Biochemistry is an amazing entity because
of Arthur’s combination of attributes. First, he insisted on working
on fundamental problems. Second, he brought people together
with remarkable effectiveness and, by exemplifying hard work and
high standards, was able to solve problems of great complexity with
elegance. Third, he “never wasted clean thoughts on dirty enzymes.”
Fourth, he provided consistently clear guidance on how to develop
an assay, how to purify an enzyme, how to perform experiments and
how to communicate results.
The scientific accomplishments of Arthur Kornberg’s immediate family
are legendary. Sylvy Kornberg worked with Arthur on polyphosphate1 and
DNA replication2. Their three children are spectacularly accomplished.
Tom Kornberg, professor of genetics at University of California San
Francisco, famously purified DNA polymerases II (ref. 3) and III (ref. 4)
while studying cello at Julliard. Roger Kornberg, professor of structural
biology at Stanford, won the 2006 Nobel Prize in chemistry for his work
on RNA polymerase5. Ken Kornberg is a highly accomplished architect
of laboratory research buildings.
Apart from Arthur’s biological family, there are many hundreds of
us who consider the man to be our intellectual father, grandfather or
great-grandfather. Indeed, whenever I see colleagues like Bill Wickner
or friends like Ron and Joan Conaway (whose relationships to Arthur
flow through Bob Lehman and Roger Kornberg), we are very conscious
of our connections to Arthur. Because of the nature of the community,
many people are related to Arthur in more than one way. For example,
Bob Fuller was Arthur’s graduate student and a postdoc with Jeremy
Thorner, who was a postdoc of Bob Lehman, who was a long-time
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c olleague and former postdoc of Arthur. Arthur was extremely generous
with his time and took an interest in following and supporting the
careers of his intellectual children and grandchildren.
Much has been written about Arthur’s work on DNA replication,
polyphosphate metabolism and bacterial sporulation. My laboratory
recently rediscovered Arthur Kornberg’s work on the biosynthesis of
NAD+. In so doing, we have shown that it is hazardous to take the other
side of a bet with Arthur’s published results.
In 1950, Arthur described enzyme preparations from ale yeast
and from hog liver that catalyze reversible synthesis of NAD+ from
ATP and nicotinamide mononucleotide (NMN)6. Eight years later,
Jack Preiss and Philip Handler purified an enzyme that performs
a similar  reaction,  forming nicotinic acid  adenine  dinucleotide
(NaAD) from  nicotinic acid  mononucleotide (NaMN) and ATP.
Preiss and Handler made the  observation that the Kornberg
enzyme and their enzyme were not  separable and suggested that
the NaMN to NaAD reaction was the only  physiological one7.
Because a metabolic pathway conserved between fungi and
vertebrates that produces NMN was not  established until 2004
(ref. 8), several groups published schemas depicting the Kornberg
enzyme as catalyzing only the reaction described by Preiss and
Handler9–13. Thus, when we  discovered  eukaryotic  nicotinamide

riboside kinase8, it was a real pleasure to rehabilitate Arthur’s
discovery of fungal NMN adenylyltransferase6.
In the year after Arthur’s discovery of NMN adenylyltransferase,
he reported that nicotinamide riboside is split by purine nucleoside
phosphorylase14. Over the next five decades, two groups claimed that
Arthur had gotten the phosphorylase wrong15,16, while another group17
laid their chips on Arthur’s side of the table. When we applied genetic
methods to identify the nicotinamide riboside phosphorylase, we found
purine nucleoside phosphorylase18.
Not a slave to fashion, Arthur Kornberg was interested in the enzymes
of NAD+ biosynthesis long before there was any link to longevity.
Indeed, as with his work on replication of the genetic material and
polyphosphate, he was devoted to characterizing enzymes substantially
before most of the scientific community understood the problem and
long after most investigators thought that the key facts were understood.
And any careful reading of the body of work of Arthur Kornberg reveals
an increased interdependence on genetics and biochemistry in the
functional dissection of enzymatic reactions.
Arthur Kornberg relished life because it provided him and the
community he built the opportunity to make discoveries fundamental
to life itself. His work is continued by his sons, his daughters, his
grandchildren and his great-grandchildren.
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To all of Arthur’s friends
It is painful to realize that I will never be with Arthur again. I have known him for over
50 years, and have always looked up to him as my idol. He played a significant role at many
stages in my career, and I have him to thank for several of my most important decisions.
First and foremost, I accepted a position in the Biological Sciences Department at Stanford
University in 1958 after learning that Arthur was moving his department to the Stanford
Medical School. I was greatly impressed by his emphasis on enzymology; his dedication
convinced me to investigate the features of the enzymes I was studying. The standards he
set for his department and its faculty at Stanford also impressed me greatly; I am sure they
influenced many of my decisions. We became close associates when I joined him, Paul Berg
and Alex Zaffaroni in establishing the DNAX Research Institute. Our goal was to convince
the scientists at DNAX to use basic science  discoveries in developing  medical advances.
For over 25 years, I  participated with Arthur in all discussions and  decisions  relating to
DNAX functions. Over the past several years I met with Arthur personally, over lunch,
where we discussed all subjects of interest to each of us. I know his three sons well, and
have enjoyed watching each become successful in his career. Arthur was always enthusiastic
about his family and friends. Of the many scientists I have known, there is no one who I would place in the same class as Arthur; he was
truly unique. He was thoroughly dedicated to everything he did—particularly his own research. He was determined to contribute
new knowledge and findings that would benefit all humanity. He appreciated the importance of teaching, training and communication in
fostering advancements in science, and he did all he could to convince others to employ the same high standards he adopted for himself.
It is impossible to express the warm feelings I had—and have—for him. I will never forget what he was like, or our numerous positive, pleasant
interactions. He was still playing tennis when he was 89; I hope I will be able to make the same claim! They don’t come any better than Arthur!
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