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Preface

N THE SPRING OF 1953 AT THE CAVENDISH LaBORATORY, Cambridge, James

Watson and Francis Crick presented a model of the structure of DNA.
This glimpse of the gene that lent Watson and Crick such historic status
marked the founding of molecular biology, a discipline characterized by the
integration of biochemistry and genetics that has since dominated much of
modern biology. The years following are often referred to as a “golden age,”
an era comparable in impact to the revolution in physics that transpired earlier
in the 20th century.

Sydney Brenner, an enthusiastic and talented 22-year-old biologist from
South Africa, was one of the earliest visitors to view the newly unveiled
DNA structure. Brenner, then a graduate student in the Department of Phys-
ical Chemistry at Oxford, made a striking impression on Crick, who was deter-
mined to recruit the young South African to Cambridge. His efforts yielded
extraordinary dividends. In the following years, the two deciphered many
of the elements of gene function in a breathtaking series of contributions
that surely marks one of the most creative periods in the history of biology.
Their intellectual partnership dissolved when Brenner sought new research
horizons and alighted on the nematode Caenorhabditis elegans, a tiny
worm that became a celebrated model organism for probing the complexities
of life in multicellular organisms. The 2002 Nobel Prize in Medicine or
Physiology recognized the importance of this contribution.

Sydney Brenner is widely regarded as one of the leading molecular biol-
ogists of the twentieth century. But the effort of documenting his life is not
restricted to recounting his contributions in the research laboratory. He was
a significant influence in moderating the frenetic debates on recombinant
DNA technology in the mid-1970s, and in helping to orchestrate Britain’s
involvement in the Human Genome Project in the early 1990s. And for about
a decade he directed the Laboratory of Molecular Biology in Cambridge
(which replaced the crowded and dilapidated Cavendish Laboratory) with
its excellent scientific staff—many Nobel Laureates.

ix



Copyright 2010 Cold Spring Harbor Laboratory Press. Not for distribution.
Do not copy without written permission from Cold Spring Harbor Laboratory Press

X PREFACE

Rules established by the Medical Research Council in the United King-
dom required that Brenner formally retire as a paid scientist in 1992, when
he reached the age of 65. But, at the time of this writing, Brenner is as active
as ever scientifically, showing no signs of slowing down. In his later years
he profoundly influenced the emergence of cutting-edge biomedical re-
search in Singapore, one of the Asian tigers seeking to break into the front
ranks of molecular biology and biotechnology. He has since inspired and
lent his organizational skills to restructuring the sociology of molecular
biology in Japan and to help guide the future of the Janelia Farm campus of
the Howard Hughes Medical Institute. All these efforts were undertaken
while Brenner actively continued to guide diverse scientific projects in
other parts of the world and to promote efforts in the biotechnology sector.

Brenner’s single-minded passion for biology has long dominated his
waking—and presumably more than a few of his sleeping—hours, leaving
him little time for other pursuits. But aside from his scientific contribu-
tions, which remain undiminished, Brenner possesses a broad intellect that
embraces more than a superficial knowledge of the arts and history, and his
talent as a raconteur is widely celebrated. He has dazzled, amused, and
offended countless audiences with his wit and ironic humor; his iconoclas-
tic views on ideas related to the exploration of life on this planet (and on
planets yet unseen); and his general disdain of authority and dogma. He is,
in fact, the proverbial enfant terrible.

An inveterate talker, Brenner can (and usually does) dominate any con-
versation of which he is part. But ironically, he is very much a loner, far pre-
ferring to think about and execute scientific experiments than to cavort
with friends and acquaintances. As is evident among the photographs in
this volume, he tends to set himself apart in group situations, and his coun-
tenance sometimes reflects the utter boredom associated with time away
from the laboratory, the library, or his desk.

This biography begins with Brenner’s humble beginnings as the child
of an immigrant cobbler father and homemaker mother in the town of Ger-
miston, South Africa. It then follows his educational path, from his years as
a medical student at the University of the Witwatersrand in Johannesburg,
South Africa, through his sojourn at Oxford University where he acquired a
second doctoral degree, to his long association with Cambridge University
and his wandering career as a “retired” scientist. Much of the book is based
on information from personal interviews with Brenner and with a number
of his former and current scientific associates, friends, and relatives. My
efforts were also helped considerably by a 15-hour videotaped interview by
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Lewis Wolpert in 1994, that I converted to a chronologically comprehensive
text, entitled Sydney Brenner: My Life in Science, published in 2001 by Bio-
Med Central. All unreferenced quotations from Brenner are from this source
(regrettably now out of print). Readers should be aware that direct quotations
from Brenner and others of British or British colonial origin use traditional
English spelling. I have also quoted (accurately, I hope) from my interviews
with others.

Sydney Brenner is among the very few key individuals to foster the
early development of the discipline of molecular biology. Clearly history
will determine how that period should be viewed in the context of preced-
ing and succeeding events in the world of biology. This book therefore is
neither offered as a definitive documentation of Sydney Brenner’s life, nor
as an attempt to establish his place in the annals of science. It is, rather, my
hope that it will provide a useful foundation for more detailed and analyti-
cal contributions by future scholars and commentators.

Evolution is a central topic among Sydney’s many eclectic scientific
interests. For this reason alone I am delighted that this work was essentially
completed in 2009, a year that celebrates the 200th anniversary of the birth
of Charles Darwin. Darwin and Gregor Mendel rank high on Brenner’s very
short list of scientific heroes.

ErroL C. FRIEDBERG
February 2010
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Sydney Brenner receiving the Nobel Prize award from the King of Sweden, zoo2.
(Courtesy of Martin Chalfie.)

The Brenner family, circa 1952.
(Left to right) Maurice Finn,
husband of Sydney’s sister
Phyllis, Sydney’s father Morris
Brenner, Sydney, his mother
Leah Brenner, Phyllis Finn, and
Sydney’s younger brother Isaac
(Joe). (Courtesy of Phyllis Finn.)

The Governing Board of the
MRC Laboratory of Molecular
Biology, 1967. (Left to right)
Hugh Huxley, John Kendrew,
Max Perutz, Francis Crick,
Fred Sanger, and Sydney
Brenner. (Courtesy of MRC
Laboratory of Molecular
Biology.)
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Brenner in the South African bush, circa 1945. (Courtesy of Sydney Brenner.)
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Brenner (right front) at the Cold Spring
Harbor Laboratory Phage Meeting, 1954.
Immediately behind him are (left to right)
Al Hershey, Milislav Demerec, and Francis
Crick. (Photograph by Norton Zinder,
courtesy of the Cold Spring Harbor
Laboratory Archives.)




Copyright 2010 Cold Spring Harbor Laboratory Press. Not for distribution.
Do not copy without written permission from Cold Spring Harbor Laboratory Press

Frangois Jacob, Max
Bernstiel, and Brenner at the
1985 Cold Spring Harbor
Symposium. (Courtesy of the
Cold Spring Harbor
Laboratory Archives.)
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13

A Triplet Genetic Code

One of the most aesthetically elegant experiences of my life

SEVERAL YEARS BEFORE THE DISCOVERY OF MESSENGER RNA, soluble or transfer
RNA (tRNA) was revealed to play a key role in protein synthesis. As we
saw in Chapter 6, Francis Crick predicted the existence of this entity as early
as 1955 in his theoretical paper On Degenerate Templates and the Adaptor
Hypothesis, written for the RNA Tie Club. This treatise (which was never for-
mally published) has been hailed by some as the finest example of theoretical
biology in the 20th century and by Crick himself as his “most influential
unpublished paper.”!
Mahlon Hoagland identified Crick’s adaptors in the course of their studies

Not much later the Americans Paul Zamecnik and

on protein synthesis. They called this nucleic acid “soluble RNA,” but by the
early 1960s the more generally used term “transfer RNA” was adopted.

The essential mechanism of decoding genetic information and trans-
lating it to specific amino acids was now fully emerging: information
for the assembly of a particular polypeptide encoded in DNA is first tran-
scribed into messenger RNA. Once assembled at ribosomes, nucleotides in
the messenger pair with complementary partners of individual transfer
RNAs (each of which is charged with a cognate amino acid), resulting in
the incorporation of amino acids in a specified order, to generate a unique
polypeptide chain.

The stage was now set to decipher the genetic code, but crucial questions
remained. How many nucleotides encode a single amino acid? What is the
actual nucleotide code for each amino acid? Is the code script punctuated?
What signals the beginning and end of the code in a gene? Perhaps most per-
plexing, why are there 64 possible triplet codons for only 20 amino acids?

As early as the mid-1950s, another RNA Tie Club communication, by
Crick, Leslie Orgel, and John Griffith, presented the notion that the code

141
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was comma-free, that is, functional groups of nucleotides (codons) are not
punctuated.” Furthermore, as we saw in Chapter 7, Brenner had demonstrated
the theoretical impossibility of an overlapping genetic code. However, by the
early 1960s, progress with the so-called coding problem had been fitful and
could be justly characterized as more conjectural than experimental.

Faced with these challenges Brenner and Crick revisited the issue. But the
time for theorizing was over; the two now sought direct experimental evi-
dence of how the code is read. As Crick candidly put it, “The time is rapidly
approaching when the serious problem will be not whether, say, UUC is likely
to stand for serine, but what evidence can we accept that establishes this
beyond doubt.”” During the course of a relatively brief period, in the early
to mid-1960s, Brenner, Crick, and their respective colleagues—sometimes
publishing together, sometimes independently—established the triplet
nature of the genetic code. As we shall see in the next chapter, they also
defined the distinction between “sense” and “nonsense” in the code and
extended the notion of nonsense to explain polypeptide chain termination
during normal protein synthesis. Brenner even identified some of the nucleo-
tides that specify nonsense in the code by pure genetics—long before DNA
sequencing was possible. Ultimately, he succeeded in his passionate quest
to demonstrate colinearity between a gene and its polypeptide product, in a
most unexpected and ingenious fashion.

These penetrating and rewarding contributions to molecular biology were
wrought from the simple bacteriophage system by Brenner and Crick in
the period between 1961 and 1965, a system requiring little more than Petri
dishes, agar, pipettes, a few incubators—and two formidable scientific intel-
lects. These efforts alone ought to have merited a Nobel Prize for Brenner and
a second Nobel for Crick. During the decade of the sixties, many molecular
biologists were honored as Nobel Laureates,” but these did not include Bren-
ner, an oversight perplexing to many, including Sydney.

% This theoretical study, entitled “Codes Without Commas,” was formally published under the
same title in 1957 (Crick FC, Griffith JS, Orgel LE. 1957. Codes without commas. PNAS 43:
416-421). The authors presented an elegant theoretical analysis that led to the conclusion
that only 20 codons specity sense, i.e., amino acids. The remainders are nonsense. Horace Jud-
son referred to this contribution as “the most elegant biological theory ever to be proposed and
proved wrong” (Judson, p. 315).

b The Nobel Laureates recognized for their contributions to the so-called golden age of molecular
biology were James Watson, Francis Crick, Max Perutz, Maurice Wilkins (1962), Frangois
Jacob, André Lwoff, Jacques Monod (1965), Robert Holley, Gobind Khorana, Marshall Niren-
berg (1968), Max Delbriick, Alfred Hershey, and Salvador Luria (1969).



Copyright 2010 Cold Spring Harbor Laboratory Press. Not for distribution.
Do not copy without written permission from Cold Spring Harbor Laboratory Press

A TrIPLET GENETIC CODE 143

It is difficult, if not impossible, to sort out the specific contributions
of Crick and Brenner to their remarkable partnership. The pair enjoyed an
intellectual complementarity that elevated their professional relationship
to historic proportions. Crick liked to pursue ideas and hypotheses to their
experimental conclusion, but he needed someone like Brenner to challenge
him with new ideas. Brenner, on the other hand, required someone like Crick
to filter his constant flow of ideas, many completely undeveloped at their
inception. He was also less regimented than Crick and benefited greatly
from the latter’s discipline in bringing things to completion. “I think that
had Francis Crick not existed I might have never written a paper in my
life,” Brenner stated. “It was Francis who made me write papers; because
once I had solved a problem I lost interest in it. But Francis used to lock me
in a room and say: ‘You've got to write it up.” "’

Both men could talk endlessly and enthusiastically, and both loved
to think aloud, preferably in the company of quick-minded, critical, and
attentive listeners, such as each other. In Brenner’s words: “Most of these
conversations were just complete nonsense. But every now and then a
half-formed idea would be taken up by the other one and really refined. I
think a lot of the good things we produced came from these completely
mad sessions.”* Conversation, discussion, criticism, and argument were fun-
damental to their relationship, and they shared an office even when space
in the new Laboratory of Molecular Biology obviated the need.

Brenner quickly discovered that Crick could be a very severe audience,
one who challenged his colleague on poorly articulated ideas or suggestions.
“One didn’t get away with anything. He asked very penetrating questions and
one had to be thinking all the time. But the clarification that came from this
sort of dialog was very important.” On a nearly daily basis, the pair spent hours
exploring all manner of notions and ideas. Both scientists tended to be visual in
their thinking and profited from drawing on the blackboards, especially to
obtain a sense of the relative size and complexity of cellular and subcellular enti-
ties. “Francis was brilliant at visualizing molecular structure,” Brenner related.

He thought geometrically, like I do, not algebraically. Neither of us would
sit down and write axioms and them proceed to deduce answers. We used
diagrams a lot. Francis was very good at that too. But we were always careful
to keep the scale of things in mind. That is very important. You see a lot
of cartoons of a bacterium with a little circle inside to indicate the genome.
But it's important to realize that there’s a millimeter of DNA in that tiny
bacterium! So Francis and I tried very hard to stay imprisoned in the
physical context of everything.
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Believing as he does that informed scientists sometimes unwittingly—
sometimes wittingly—cultivate biases and prejudices about unsolved prob-
lems, Brenner likes to talk to intellectually stimulating scientists from other
disciplines.

I believe that people who come to a field from the outside, who have not
been entrained to the standard approach, can sometimes see things from
a different perspective. Gamow didn’t know anything about molecular
structure, but he saw things from the perspective of a physicist and he could
pose problems in a form that no biochemist would or could.

Crick echoed these sentiments: “It was a blissful period because the problems
were important,” he wrote in a tribute to Brenner on the occasion of his col-
league’s 75th birthday.

Only a few people (most of them friends) were working on them then and,
thanks to the Medical Research Council’s support, we didn't have to
write grant requests and could study whatever we liked. Sydney and I had
discussions almost every working day—using several large blackboards—
but he also spent long hours in the lab and considerable time reading the
literature.” He was much better than I at thinking up novel experiments.
My role was more that of a critic and clarifier.”

Science writer Matt Ridley also documented the Crick-Brenner dynamic.

The dialogue between Brenner and Crick was a conversation that developed
its own rules. There was no shame in floating a stupid idea; but no umbrage
was to be taken if the other person said it was stupid. Anyone else from the
lab could walk in and interrupt if the door was open, but strangers were
directed to see the secretary. Like Watson, Brenner knew a lot more biology
than Crick. [On the other hand] Brenner found Crick an “incredible cross-
examiner” who always challenged him on how to test an idea with a real
experiment.(’

Crick described his memory to his biographer Robert Olby as fallible, but
offered the opinion that “Brenner has an amazing memory . . . he is a traveling

encyclopedia on a cornucopia of subjects from medieval history to paleontol-

»7

ogy and computer science.”” Crick further volunteered that his collaboration

¢ Both Benner and Crick read the literature voraciously. Matt Ridley commented: “Crick . . . was a
ravenous consumer of others’ results, from even the most obscure publications, and he had for-
midable powers of concentration. When Aaron Klug once asked why Crick was wasting time
on a obviously useless paper the response was, | T|here might be a clue init’” (Ridley M. 2006.
Francis Crick: Discoverer of the Genetic Code, p. 103. Eminent Lives Series, London).
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with Brenner was not only fundamental to the development of ideas, “but it
was all such fun. It says much for his tolerance and good temper that there was
never an angry word between us. Happy days!”®

Crick had largely confined himself to a theoretical role in the hectic scram-
ble to investigate the nature of the genetic code and its operation. However,
he soon began carrying out experiments on phage mutagenesis with his
own hands. He was then keenly interested in the problem of mutational sup-
pression (sometimes referred to as mutational curing), a phenomenon in
which a mutant phenotype is eliminated in the presence of a second mutation
elsewhere in the genome. A particularly challenging example of mutational
suppression surfaced from experiments carried out by Alice Orgel (Leslie
Orgel’s wife and a graduate student under Brenner’s supervision). She demon-
strated that the polycyclic aromatic dye proflavine, a known mutagen, cured
mutations generated by the same compound, but had no effect on mutations
induced by other mutagens, such as bromouracil.

Crick and Brenner tossed the notion of suppressor mutations back and
forth. The pair reasonably hypothesized that if a single mutation affected
the function of a protein, a second mutation in another gene that affected a
different protein might compensate or suppress the phenotype of the first
mutant. But they were disturbed by the huge number of suppressor
mutations that Crick observed when phage was exposed to proflavine—
more than could be comfortably accommodated by phenotypic suppression.
Furthermore, Crick noted that, in every case, a proflavine-induced suppressor
mutation mapped very close to the mutation it suppressed, suggesting that
this mechanism was local rather than one acting at a distance.

As was Watson and Crick’s tendency some years earlier, Brenner and
Crick frequented The Eagle, a local pub well populated with Cambridge Uni-
versity types. While at the pub one Saturday morning, Brenner had another
remarkable epiphany—no less sudden and providential than the messenger
RNA insight that had emerged shortly before in his rooms at King’s College.

I suddenly had the notion that if, as people had suggested, the planar dye
proflavine inserted itself between base pairs, one might have a situation
where the DNA “thought” that the dye molecule was another base and the
cell stuck in an extra base on the other strand during DNA replication, or
made a compensating deletion during replication. So the idea emerged of
a connection between mutations and base additions and deletions.

This notion was supported by the suggestion by Crick, Orgel, and John
Griffith in 1955 that one could write commaless codes in which one reading
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frame of nucleotide triplets made sense while in every other frame it was
nonsense.

The following Monday Brenner and Crick began experiments to test this
hypothesis. They showed that all known spontaneous phage host-range muta-
tions could be reverted with base analogues such as the thymine analogue
bromouracil. However, the great majority of spontaneous mutations in the
rll gene were not revertible with base analogues. Furthermore, mutations gen-
erated by base analogues (such as bromouracil) were not observed when pro-
flavine was used as the mutagen. Crick and Brenner produced another
theoretical paper entitled The Theory of Mutagenesis,d another classic in
theoretical biology. Here they proposed that, in addition to the well-known
nucleotide substitution mutations—transitions and transversions—there
was another category—addition and deletion mutations. “Acridines act as
mutagens because they cause the insertion or the deletion of a base pair,”
the authors noted (italics in original).

“One could start with a mutant arbitrarily called ‘minus,” which was due
to the loss of a base,” Brenner explained. “All the mutations that suppressed
this minus, such as those caused by proflavine, would be ‘pluses’ such that
when you added a single ‘plus’ to a single ‘minus’ they would cancel out
and the phenotype would no longer be mutant.” Brenner and Crick soon
realized that if they could prove this model they would be able to determine
whether the code was, indeed, spelled out in sets of three nucleotides—as
everyone had long believed. “All we had to do was to ask for any mutation
that was revertible by proflavine, how many bases must be added or missing
for the mutation to be suppressed, i.e., to restore the normal reading frame.”

Brenner speaks nostalgically of these experiments as “a sort of apotheosis
of a genetic analysis.” Both he and Crick marveled at the fact that fundamental
conclusions emerged from such technically simple experiments. Literally doz-
ens of experiments could be carried out more or less simultaneously, with
results available in a day or so. The observations were simply to score whether
or not growth of the phage occurred. “From this pattern it seems mad that you
could deduce the actual triplet nature of the genetic code.” The English micro-
bial geneticist William Hayes later referred to these results as “a masterpiece
of genetic analysis.””

Crick carried out many of the plus and minus experiments with his own
hands. Crick’s efforts exasperated Muriel Wigby, an experienced technician

4 Brenner S, Barnett L, Crick FHC, Orgel A. 1961. The theory of mutagenesis (editorial letter).
] Mol Biol 3: 121-124.
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who joined the laboratory soon after Brenner arrived in Cambridge in 1957.
She remained his assistant for over 30 years, breeding worms (see Chapter
15) and bacteriophage alongside a slew of LMB scientists who would become
Nobel Prize winners. Whatever her opinions about Crick’s intellect, Wigby
was not impressed by Crick’s technical abilities, accusing the man of being
“terribly clumsy.”"

Wigby worked beside Brenner and Crick long enough to comprehend
their whims and foibles in the laboratory. She found Crick generally more dif-
ficult than Brenner, particularly his inclination to blame her when experi-
ments failed.” “When Francis gave me an experiment to do and it didn’t
come out the way he expected he would insist that there must be something
wrong with the way I had done it,” she protested.'® In contrast, Brenner rarely
questioned her technical competence. “But when experiments didn’t work
and he became angry or frustrated, he would walk back and forth in the lab
muttering and sometimes swearing—in Afrikaans.”*?

Brenner noted:

An interesting thing about these experiments was that it was a real house of
cards theory. You had to buy everything. You couldn’t take one fact and let it
stand by itself and say the rest could go. Everything was so interlocked. You
had to buy the plus and minuses and you had to buy the triplet phase; all
these went together. It was the whole that explained it and if you attacked
any one part of it the entire thing fell apart. So it was an all or nothing theory.
And it was very hard to communicate to people. However, this was one of the
most beautiful, aesthetically elegant experiences of my life, in which, just by
doing these little operations you landed up with a detailed description of the
molecular structure of living matter.

Brenner and Crick published their observations on the triplet nature of
the code in a landmark paper entitled General Nature of the Genetic Code
for Proteins that laid bare some fundamental features of the triplet genetic
code."!

€ Crick’s impatience (and sometimes incompetence) with wet bench research was also
commented on by the biochemist Mahlon Hoagland, who worked with him on tRNA
at the Cavendish. “We would do an experiment and get some variation in results that
Francis felt obliged to analyze and ponder at length. I would assure him that the variations
were very likely an error—we would not find them if we repeated the experiment. ... He
had an uncanny ability to analyze and criticize, in detail, the experiments of others, but at
the bench he became mired in the day-to-day messiness and inconclusiveness.” (Olby R.
2009. Francis Crick: Hunter of life’s secrets, p. 267. Cold Spring Harbor University Press,
Cold Spring Harbor, New York.)
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A group of three bases (or less likely, a multiple of three bases) codes one
amino acid.

The code is not of the overlapping type... .

The sequence of the bases is read from a fixed starting point. This deter-
mines how the long sequences of bases are to be correctly read off as triplets.
There are no special “commas” to show how to select the right triplets. If
the starting point is displaced by one base, then the reading into triplets is
displaced, and this becomes incorrect.

The code is probably “degenerate”; that is, in general, one particular amino
acid can be coded by one of several triplets of bases.""

General Nature of the Genetic Code for Proteins was rich in conclusions
and conjecture but contained little of the mass of experimental data on which
they were based. In fact, the complete experimental details of these studies
were not published until 1967.'* While thumbing through the massive final
draft of the paper that would occupy 73 pages of the Philosophical Transac-
tions of the Royal Society, Crick idly commented to Brenner that the two of
them were likely the only individuals in the world who would read the pub-
lished paper. They, therefore, plotted to insert within the manuscript a bogus
literature citation, credited to a figure of historic prominence who had abso-
lutely nothing to do with biology. After some discussion, the pair settled on
referencing a personal communication from Leonardo da Vinci. Crick com-
mented: “[OJne (unknown) referee passed it without comment, but we had
a phone call from the other referee, who asked, ‘Who'’s this young Italian
working in your lab?’ So reluctantly we had to take it out.”"?

Not all the multiple suppression experiments obeyed the simple plus or
minus rule. Rare exceptions emerged in the data set. Many scientists might
dismiss these as fundamentally unimportant curiosities that a reluctant grad-
uate student may sometime wish to explore; not Brenner and Crick. “For a
long time we hung on to the ‘don’t worry hypothesis'—that sooner or later
there’ll be an explanation for them.” About five years later, explanations
derived from their own experimental observations did, indeed, emerge.
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genetic code experiments of Brenner,
150-152

host range mutants, 103-104

Jacob’s work with, 153

lysogeny, 65

mutants, Brenner’s isolation of, 66

phage adsorption factor, 96
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Bacteriophage (continued)
phage course, Cold Spring Harbor
Laboratory (CSHL), 75, 84
phage group, 64, 122
phage therapy, 62
“The Physical Chemistry of Cell
Processes: A Study of
Bacteriophage Resistance in
Escherichia coli, Strain B12”
(Brenner), 71-72
plaques, 84
prophage state, 153
protoplast infection, 89
r (rapid lysis) mutants, 84
rll gene mapping/mutations, 84-85, 88,
103, 150
RNA synthesis in phage-infected cells,
119-122
storage of, 168
Streisinger’s research, 103-105
Watson’s interest in, 68
Balkind, Gabriel, 31
Balkind, Jonathan (stepson of Brenner)
care for ill mother, 292
early years in South Africa, 31, 32
with mother in England, 55, 60, 76
relationship with Sydney, 101-102
at school in England, 153
Baltimore, David
Asilomar Conference (1975), 185, 187
MIT meeting on recombinant DNA
(1974), 183
Bar mitzvah, of Brenner, 9
Barnard, Eric, 212
Barnett, Leslie
at Cavendish Laboratory, 106
“General Nature of the Genetic Code for
Proteins” (1961), 139
mutagenesis experiments, 109
“The Theory of Mutagenesis” (1961), 146
Base substitution mutations, 152
Baughman, Robert, 277-278
Beadle, George, 106
Beckwith, Jonathan, 150
Benzer, Seymour
bacteriophage research, 84-86, 88,
103-105
Brenner and, 85-86, 93, 107
at Cavendish Laboratory, 105, 106-107,
108
at Cold Spring Harbor Laboratory (1954),
85
cold weather and, 106
colinearity and, 108-109
at Copenhagen colloquium (1959), 124

food and, 106-107
friendship with Brenner, 107
Lasker Award for Basic Medical Research,
110
mutagenesis studies, 84, 109
offer to Brenner at Purdue, 93
personal history of, 83-84
rll gene mutations/mapping, 103, 150
working hours, 106
Berg, Paul
Asilomar Conference (1975), 185-187,
191
recombinant DNA research, 181-183
Salk Institute, 248
on Brenner’s genius, 79-80
Berlioz, Hector, 30
Bernal, Desmond, 203
Bernal, J. D., 114
Bernstein, Harris, 150
Bessel functions, 61
B-galactosidase, expression of the gene for,
123, 124, 131, 139
Biko, Stephen Bantu (Steve), 19
Biochemistry, in mid-1940s, 26
Biochemistry and Morphogenesis
(Needham), 39
“The Biochemistry of Flower Colour
Variations” (Scott-Moncrieffe), 26
The Biochemistry of Nucleic Acids
(Davidson), 48
Biohazard: The Struggle to Control
Recombinant DNA Experiments,
the Most Promising (and Most
Threatening) Scientific Research
Ever Undertaken (Rogers), 186
Biohazards in Biological Research (Hellman,
Oxman, and Pollack), 183
Bioinformatics, Roger Brent and, 255
BioMed Central, 289
Biopolis, 265, 266—-267, 270, 271-272
Biotechnology. See also Recombinant DNA
Brenner’s influence in, 291
commercial gains of, 231-232
in Singapore, 262-272
Biotechnology Investments Limited (BIL),
Brenner as consultant to, 231-232
Birth, of Sydney Brenner, 6
Black Consciousness Movement, 19
Blair, Tony (Prime Minister), 239
Blecher, Harry (uncle of Sydney), 12
Blecher, Leah. See Brenner, Leah
“Blue-sky” research, 279
Bodmer, Walter, 238
Bohr, Niels
at Copenhagen colloquium (1959), 124



Delbriick and, 63
Gamow and, 77
Books, Brenner’s passion for, 7, 10-12
Born, Max, 292
Boyer, Herb, 183
Brachet, Jean, 39, 47
Bragg, Sir Lawrence
on Brenner and formal attire, 10
efforts to expand space at Cavendish, 112
X-ray crystallography group at Cavendish
Laboratory, 67
Brain, wiring diagram of, 163, 167
Brenner, Belinda (daughter of Sydney), 95,
97,153
Brenner, Carla (daughter of Sydney), 97, 102
Brenner, Dr. Isaac “Joe” (brother of Sydney), 6
Brenner, Leah (mother of Sydney)
immigration to South Africa, 4
on marriage and wealth, 13
marriage to Morris, 5
personal traits and interests, 5-6
on Sydney’s love of books, 7
Brenner, May (wife of Sydney), 30
arrival in England (1956), 97
Belinda (daughter), 95, 97
Carla (daughter), 97, 102
courtship by Sydney, 31-32
death of, 292
decision to leave South Africa, 95-96
decision to return to South Africa, 72-73
divorce from Balkind, 60
as educational psychologist with
Cambridge Town Council, 97
on family life with Sydney, 101
on formal attire and Sydney, 10
friendships, 229-230
gardening by, 244
health problems, 249-250
Jonathan (son), 31, 32, 55, 60, 76, 292
La Jolla and, 251
leftist political views, 76
marriage to Gabriel Balkind, 31
marriage to Sydney, 60
meeting Sydney, 31
Peter Newmark’s contact of, 287
private practice in psychological
counseling, 97
return to South Africa, 76
Stefan (son), 61
surgical opinion at Hammersmith, 219
university studies in London, 55, 60
university studies in South Africa, 31-32
Brenner, Morris (father of Sydney)
immigration to South Africa, 4
marriage to Leah, 5
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personal traits and interests, 5, 6
in World War 11, 6
Brenner, Stefan (son of Sydney), 61
Brenner Center for Molecular Medicine,
Singapore, 271
Brent, Roger, 255-256
British Dominions and Colonies Fund of the
Carnegie Corporation, 75
Bromouracil, 109, 145, 146
Bronowski, Jacob, 247
Broom, Robert, 29, 41
Brown, Andrew, 160, 166, 174, 201
Bursary, 13, 36
Business world, Brenner’s opinion of, 259
Butterfield, Lord John, 219

C

Caenorhabditis briggsae, 198
Caenorhabditis elegans
Brenner’s choice of as model organism,
164-166
cell mapping, 167
genome mapping, 194
genome sequencing project, 195-199
genome size, 194
growth in laboratory, 165
mutants, 168, 169, 175, 177
number of cells, 165
storage of, 168
Caenorhabditis elegans project, 167-180
cell lineage mapping, 175-177
challenges of, 168-170
computer use, 170-172
early publications from, 173-174
genetic analysis, 169
growth of, 172
launching of, 167-169
MRC funding of Brenner’s project, 165—
166
status of project in late 1968, 173
Caltech
Brenner and Jacob’s experiments at
(1960), 130-135
Brenner’s trip to (1954), 87-88
Delbriick and, 63, 64
Seymour Benzer and, 106
suggestions that Brenner go to, 73
Cambridge. See also Cambridge University
Brenner’s friendships in, 230
Brenner’s motorcycle accident (1979), 207
The Eagle (pub), 145
restaurants, 106-107
Strangeways Laboratory, 161
winter in, 106

Cambridge spy ring, 231
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Cambridge University. See also Cavendish
Laboratory
Brenner’s request to join, 50
King's College, Brenner as Fellow of,
229-230
lectures by Brenner at, 230
Campbell, Peter, 69
Canings, in South African schools, 8
Carnegie, Andrew, 7, 75
Cartoons, accompanying Loose Ends column,
289
Caulobacter, 163
Cavendish Laboratory. See also Laboratory of
Molecular Biology (LMB)
Brenner’s 1954 visit to, 89
Brenner’s arrival at, 103
cold temperature in, 106
Crick’s recruitment of Brenner to, 89, 93—
95
George Streisinger’s work at, 105, 106—
107
Seymour Benzer’s sabbatical at, 105, 106—
107, 108
space limitations at, 94-95, 103, 111-112
cDNA (complementary DNA), 238-240
Cech, Tom, 279
Celebrity, of Brenner, 234
Celera, 239, 244-245
The Cell in Development and Inheritance
(Wilson), 39—40
Cell lineages, John Sulston’s study in
C. elegans, 176, 177
Cell mapping, 167
CellMap project, 258-259
Cellular physiology, Brenner’s work with, 38
Centre National de la Recherche Scientifique
(CNRS), 244
Chalfie, Martin, 116, 199, 210
Champe, Sewell, 105
Chargaff, Erwin, 70
Chase, Martha, 64, 84, 120
Chemical Kinetics of the Bacterial Cell
(Hinshelwood), 50
Chemistry
Brenner’s early interest in, 7
Brenner’s ejection from class, 22
encoded combinatorial, 251
Chess, comparison of scientific research to,
203
Chibnall, Albert, 50
Chomsky, Noam, 286
Chopin, Purnell, 279
Chromidial bodies, 48
“Chromosome Studies in Elephantulus with
Special Reference to the Allocyclic

Behaviour of the Sex
Chromosomes and the Structure
of Heterochromatin” (Brenner), 40
Chromosome walking, 194
Chromosomes, Brenner’s early interest in, 40
Chu, Steven, 277
Chua, Nam-Hia, 264
Churchill, Winston, 231
Cistron, 109
Civil unrest, in South Africa, 15-16
Claude, Albert, 47
Clayton, George, 50
Clinical medicine examination, Brenner’s
failure of, 45-46
Clinton, Bill (President), 239
CNRS (Centre National de la Recherche
Scientifique), 244
“Codes Without Commas” (1957) (Crick,
Orgel, and Griffith), 141-142
Coding problem, 53, 110
Codon, 109-110
Cohen, Stanley, 183
Cohen, Waldo, 120
Cohn, Melvin, 247
Cold Spring Harbor Laboratory (CSHL)
Brenner’s trip to (1954), 75, 83, 86-87
phage course, 75, 84
phage group, 64, 122
recombinant DNA meeting (1973), 183
Sydney Brenner archive, 235
Symposium of 1956, 121
worm meeting (1989), 195
Colinearity
Benzer and, 108-109
Brenner’s amber mutation experiments
and, 151
Brenner’s interest in, 107-109
rlI gene studies and, 85, 88
Yanofsky and, 108, 151
Colinearity problem
Brenner and, 85, 90, 96, 104-105
Streisinger’s interest in, 104
Collins, Francis, 239
Colman, Alan, 268
Colon cancer, 237, 269
Columbia University, 64
Combichem, 251
Commencement address, at University of the
Witwatersrand (2003), 235
The Common Thread (Sulston), 198
Comparative genomics, 242-243, 258
Complementary DNA (cDNA), 238-240
The Complete Solution of E. coli, 159-160
Computer
Brenner’s acquisition of (mid-1960s), 170



Brenner’s interest in, 170, 171-172
use in Caenorhabditis elegans project,
171-172
Conditional mutant, 163, 164
Conjugation, 153
Containment facilities, for recombinant DNA
research, 188-189
Copeland, Neal, 268
Corey, Robert, 67
Correspondance, Brenner’s diligence with,
233-234
Coulson, Alan, 195, 196, 197
Council for Tobacco Research-USA
Incorporated, 252
Covitz, Isaac, 30
Covitz, May. See Brenner, May (wife of
Sydney)
Cowan, Max, 211, 279
Creativity, Brenner’s comments on, 290—291
Crick, Francis
adaptor hypothesis, 70, 81, 141
April 15th, 1960 meeting in Cambridge,
123, 125-126, 129
Arthur Balfour Chair of Genetics,
application for, 111-112
Brenner’s comments on meeting in 1953,
69
Brenner’s comments on visual thinking
of, 143
Brenner’s project (The Complete
Solution of E. coli) presentation
to, 159-160
“Codes Without Commas” (1957), 141—
142
coding problem and, 110
collaboration with Brenner on genetic
code research (1961-1965), 142—
148
comments on Brenner’s memory, 144
comments on working with Brenner,
144-145
communication with Brenner about Salk
Institute, 248
communication with Brenner on
Cavendish Laboratory position
(1955), 93-95
communication with Brenner on need for
rest, 207
communication with Brenner on
Streisinger (1956), 105
at Copenhagen colloquium (1959), 124
“Crick week” seminars at LMB, 115
DNA structure discovery, 67-69
draft manuscript on translation (1960),
129-130
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Gamow’s self-introduction to, 78
“General Nature of the Genetic Code for
Proteins” (1961), 139, 147-148
genetic code, 80-81
Genetical Implications of the Structure of
Deoxyribonucleic Acid (1953), 78
Golden Helix (home), 129
graduate student at Strangeways
Laboratory, 161
head of Molecular Genetics division at
LMB, 114, 203
Horvitz’'s comments on, 178
influence upon Brenner, 143
introduction of Brenner to Max Perutz, 89
LMB Governing Board, 10, 114
mRNA concept, realization of, 125-127
Nobel Prize (1962), 116, 142
nomination of Brenner, Benzer, and
Yanofsky for Nobel Prize, 110
panspermia paper, 12
politeness of questions from, 290
on reading scientific literature, 236
recruitment of Brenner to Cavendish
Laboratory, 89, 93-95
recruitment of John Sulston to LMB, 175
RNA Tie Club, 81, 82
on rumors of Brenner’s departure from
MRC, 155
as scientific hero for Brenner, 293
shared office with Brenner, 118
tape RNA, 127
technical abilities of, 146-147
“The Theory of Mutagenesis” (1961), 146
Woods Hole meeting with Brenner
(1954), 86-87
Crick, Odile, 89, 129
“Crick week,” 115
Crow, James, 200
CSHL. See Cold Spring Harbor Laboratory
(CSHL)
Current Biology (journal), Brenner’s monthly
column in, 286-288
Cytochemistry, Brenner’s work with, 38
Cytochrome C, 108
Cytochrome oxidase system, 39
Cytogenetics, 40

D
Daitz, Harold, 32-33, 55, 59
Dark field microscopy, 38
Darlington, Cyril, 40, 112
Dart, Raymond Arthur, 17, 23-24, 28, 29, 35,
41-42
Davidson, James Norman, 48
Dawkins, Richard, 66
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De Duve, Christian, 48
De Hoffman, Frederic, 247
Delbriick, Max
bacteriophage research, 62-64
Brenner’s 1954 meeting with, 87
disbelief in notion of messenger RNA,
132, 133
Gamow and, 78
Nobel Prize (1969), 142
phage course at Cold Spring Harbor
Laboratory, 84, 86
RNA Tie Club, 81
on Watson’s thesis, 72
Deletion mutations, 146
DeMars, Robert “Bob,” 109
Demerec, Milislav, 75
Density transfer experiments, of Meselson
and Stahl, 130
Department of Energy, U.S., 237, 243-244
Desulfovibrio vulgaris, 194
Development
Brenner'’s interest in, 161-163, 166
understanding grammar of, 200
D’'Herelle, Félix, 62
Diamond code, Gamow’s, 78-79
Director’s Division, at Laboratory of
Molecular Biology (LMB), 211, 224
Discount genome, 241, 243
The Disintegration of Haemoglobin in the
Animal Body (Lemberg), 27
DNA. See also Genetic code; Recombinant
DNA
Avery, MacLeod, and McCarty
experiments with, 26, 37
colinearity between nucleotides and
protein amino acids, 85, 88, 9o
junk, 240-241
repetitive, 240
replication of, 71, 130, 153-154
structure of, 67-71, 74, 293
DNA helicase, 71
“The DNA of Caenorhabditis elegans” (1974)
(Sulston and Brenner), 194
DNA polymerase, Kornberg’s discovery of,
153
DNA replication
implication of structure for, 71
Jacob-Brenner collaboration, 153-154
mutants in, 154
semi-conservative nature of, 130
DNA sequencing
Brenner’s comments on importance of
rapid methods, 257-258
C. elegans project, 195-199
Human Genome Project, 237-239

massive parallel, 257
methods, 193
Sam Eletr and, 256—257
The DNA Story: A Documentary History of
Gene Cloning (Watson and Tooze),
181
Donohue, Jerry, 67
“Don’t worry hypothesis,” 71, 148
The Double Helix (Watson), 31, 114
Dougherty, Ellsworth, 164-165
Dounce, Alexander, 54
Doya, Kenju, 275-276
Drosophila genetics, 63, 70
Drug screening, 251
Du Toit, Alexander Logie, 33-34
Duchenne’s muscular dystrophy, 242
Duke, James, 253
Duke University, 253
Dulbecco, Renato
gourmet dinner club, 107
Salk Institute, 247
Dunitz, Jack, 61, 66, 73
Dunn, L. C, 34
Durban, 46—47
Dystrophin gene, 242

E
The Eagle (Cambridge pub), 145
Edelman, Gerald, 248, 252—253
Edinburgh University, recruitment of
Brenner to, 93
Editing, of Journal of Molecular Biology by
Brenner, 227-228
Education, of Sydney Brenner
doctorate thesis, 71
Hebrew lessons, 9
high school, 8—9
honors student year (University of the
Witwatersrand), 37-42
Master of Science degree, 40
medical school (University of
Witwatersrand), 13, 15-47
primary school, 6-7
science year (University of the
Witwatersrand), 29-36
self-education, 7, 27
1851 Exhibition Scholarship
of Aaron Klug, 114
of Sydney Brenner, 72
The Eighth Day of Creation: Makers of the
Revolution in Biology (Judson), 54
Electron microscopy, 105, 164, 168, 174
Elements of Human Physiology (Starling), 23
Elephantulus myurus, 40
Eletr, Sam, 256257, 259
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Elgar, Greg, 241
Elizabeth II (Queen), 112-113
Elliot, Guy, 45
Ellis, Emory, 63
Embryologie Chimique (Brachet), 39
Embryology, Brenner’s interest and studies
in, 25, 39
Emigration, of Eastern European Jews, 3-5
Encoded combinatorial chemistry, 251
Endo, Shogo, 275
Enfant terrible, Brenner as, 285, 290
England
Brenner’s arrival in, 55, 59-60
food quality in late 1950s, 106-107
food rationing, 60
Episiotomy, 46
Epstein, Richard, 150
Escherichia coli
messenger RNA detection in, 136
safe strain for recombinant DNA
experiments, 190
Evolutionary genomics, 242-243

F
Faculty of Science (University of the
Witwatersrand), 17, 24, 36
False Starts (Current Biology column), 286—
289
Family life, of Brenner, 101-102
Father, Brenner as, 292
Federation of Societies for Experimental
Biology, annual meeting of 1956,
122
Fersht, Alan, 218
Fildes, Sir Paul, 62
Finn, Phyllis (sister of Sydney Brenner)
on Hebrew school Germiston, 9
life in Germiston, 9-10
on Morris Brenner (father), 5
on Sydney’s passion for books, 7
wedding of, 10
Fire, Andrew, at LMB, 116
First class pass, 8, 9
Fish genome, sequencing of, 239-246
Fisher, R. A, 111
Fluctuation test, 64—66
Fluorescence microscopy, 38
Food rationing, in England, 60
Formal dress, Brenner’s aversion to, 10
Forman, Dr. Frank, 45
Franklin, Naomi, 103, 104
Franklin, Rosalind, 114
Fredrickson, Donald S., 181
Freedom of the press, Brenner and, 188
Freese, Ernest, 109

Friedman, Jerome, 275, 277
Fugu genome research, 239-246, 264
Fuller, Michael, 206

G
y-amino butyric acid (GABA), 175
Gamow, Georgy Antonovich
Brenner and, 83
Brenner’s comments on, 144
defection from Soviet Union, 77
genetic code theory, 76, 78-79
James Watson and, 76, 78, 83
popular books written by, 77, 78
RNA Tie Club, 81-82
Garen, Alan, 123
Gedanken mouse, 161
Gefter, Malcolm, 117
Gene cloning
Brenner and, 193-194
C. elegans genomic clones, 194
Gene expression, B-galactosidase, 123, 124,
131, 139
“Gene Expression Analysis by Massively
Parallel Signature Sequencing
(MPSS) on Microbead Arrays”
(2000) (Brenner, et al.), 257
Gene mapping, Brenner’s comments on, 196
Gene Ontology [GO] project, 258
“General Nature of the Genetic Code for
Proteins” (1961) (Crick, Barnett,
Brenner, Watts-Tobin), 139, 147—
148
Genes
Brenner’s focus on, 52-54
coding of information in, 53
operational definition, 109
“Genes, Genomes, and Evolution” (lecture at
Columbian University), 258
Genes, Girls and Gamow (Watson), 81, 83
Genetic code
Brenner and, 79-83, 85
Brenner-Crick collaboration on
(1961-1965), 142-148
colinearity and, 85, 88, 9o
comma-free, 142, 145
deciphering of, 149-152
degeneracy in, 79, 148
Gamow’s theory, 76, 78-79
overlapping, 79-82, 142
questions concerning nature of, 141
triplet nature of, 79, 83, 142, 146-148
Genetic engineering, 181, 184. See also
Recombinant DNA
Genetic Manipulation Advisory Group
(GMAG), 190
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Genetic Mechanisms: Structure and Function
(1956 meeting), 121
“Genetic Regulatory Mechanisms in the
Synthesis of Proteins” (Jacob and
Monod), 126
Genetical Implications of the Structure of
Deoxyribonucleic Acid (1953)
(Watson and Crick), 78
Genetics, Brenner’s early interest in, 26, 39—40
“The Genetics of Caenorhabditis elegans”
(Brenner), 169, 174
“Genetique Physiologique - sur la Regulation
de la Synthese du DNA Chez les
Bactéries: L'’hypothese du
Replicon” (1963) (Jacob and
Brenner), 139
Genome sequencing, fugu, 239-246
Genome Sequencing Center at the
Washington University School of
Medicine in St. Louis, 198
Genomics, 194-199
comparative, 242-243, 258
funding sources, 243
Human Genome Project, 237-239
statistical, 241
George Medal, 231
Germiston, South Africa
birth of Brenner in, 6
Brenner’s childhood in, 6-10
founding of, 4
Jewish community in, 5
public library, 7
Germiston Lake, 9
Gibbs, Arthur, 238
Gilbert, Christine, 25
Gilbert, Walter (Wally)
DNA sequencing method, 193
Human Genome Project and, 238-239
messenger RNA and, 136, 138
Robert Horvitz and, 176
“Unstable Ribonucleic Acid Revealed by
Pulse Labeling of Escherichia coli”
(1961), 138
Gillman, Joseph “Joe,” 24-25, 35, 38, 39, 73, 91
Gillman, Theodore “Teddy,” 25, 38, 39
Glasser, Stanley “Spike,” 3032
Goelet, Philip, 230, 256, 257, 259, 269, 291
Gold, 4, 15
Goldblum, Jeff, 31
Golden Helix (home of Francis Crick), 129
Goldschmidt, Richard, 291-292
The Goon Show (radio program), 30
Gordon Research Conference (1973), 183
Governing Board, LMB, 114
Gowans, Sir James

Brenner’s comments on leadership of, 213
on Brenner’s wish to leave LMB
directorship, 217
Bronwen Loder and, 208, 215-216
neurosciences at LMB and, 211-213
search for Brenner’s replacement at LMB,
217, 218
Graduate students, Brenner’s interaction
with, 118
Gray, Sir James, 112
Green, David E., 25
Griffith, John, 141-142
Gros, Francois, 136, 138
Guillemin, Roger, 248-249

H
h locus, bacteriophage T2, 103-104
HAL biology (Have a Look biology), 38
Halifax House, 61
Hammersmith Postgraduate Medical School,
219
Handler, Philip, 183
The Handling of Chromosomes (Darlington
and La Cour), 40
Harris, Gillian, 227-228
Harris, Henry, 139
Hayes, William, 146
Health issues, of Brenner
colon cancer, 237, 269
emphysema, 237
motorcycle accident, 207-208
Philip Goelet’s comment on, 256
relocation to California, 249-250
treatment in Singapore, 269—270
Healy, Bernadine, 237
Heath, Edward (Primer Minister), 204
Hebrew, Brenner’s lessons in, 9
Hedgecock, Ed, 210
Hellman, A. (Biohazards in Biological
Research), 183
Hemoglobin, 105
Henderson, Richard, 208, 223-224
Heroes, Brenner’s scientific, 293
Herr, Winship, 195
Hershey, Alfred
Brenner’s summary of Benzer’s work, 86
Hershey-Chase experiments, 84, 119-120
identification of mRNA and, 119, 122
Nobel Prize (1969), 64, 142
Hiatt, H., “Unstable Ribonucleic Acid
Revealed by Pulse Labeling of
Escherichia coli” (1961), 138
High Table, eating at, 229
Himsworth, Harold
Chairman of the MRC, 95, 113



Perutz’s communication with (1961), 139
retirement of, 204
Hinshelwood, Sir Cyril
Brenner’s disagreements with, 64-66
Brenner’s joining laboratory of, 50-52
on the coding problem, 53
as director of Department of Physical
Chemistry, 61-62
Nobel Prize, 59
Hirsh, David, 177
Histochemistry, Brenner’s work with, 38
Histology
Brenner’s interest in, 27, 36
cytogenetics, 40
History and Philosophy of Science, course in,
35
Hixon Symposium on Cerebral Mechanisms in
Behavior (1948), 54
Hoagland, Mahlon, 141, 146
Hodgkin, Dorothy, 59, 216
Hoffenberg, Raymond, 45
Holley, Robert, 142, 149
Holmes, F.L., Meselson, Stahl, and the
Replication of DNA: A History of
“The Most Beautiful Experiment in
Biology,” 130
Honors and awards, for Sydney Brenner
Fellow of King's College, 229
Honorary Professor of Genetic Medicine
at the Clinical School of
Cambridge University, 223
Lasker Award for Basic Medical Research,
110
Louis Jeantet award, 220
Nobel Prize, 110, 116, 178, 201, 235
Order of Mapungubwe, 97
in Singapore, 271
Hoover washing machine, bacterial growth
in, 105
Hopkins, Frederick Gowland, 25
Horne, Robert, 105-106
Horvitz, Robert
admiration for Brenner, 178
apoptosis research, 178
on Brenner’s “dark side,” 179
on Brenner’s work schedule, 178
on Crick and Brenner, 178
educational background of, 176-177
joining Brenner’s C. elegans project, 176,
177
at LMB, 116
Nobel Prize (2002), 178
“Post-embryonic Cell Lineages of the
Nematode Caenorhabditis

elegans” (1977), 177
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Host range mutants, bacteriophage, 103-104
How the Quest Was Won (movie script), 31
Howard Hughes Medical Institute, 278-282
Hughes, Howard R., 278
Human Genome Mapping Project (HGMP),
223
Human Genome Project
Brenner’s role in, 237-239
John Sulston and, 198
Humor, of Brenner
at Asilomar (1975), 187, 191
Brenner’s self-analysis, 285
in Current Biology columns, 286-289
family comments on, 101-102
Frangois Jacob’s comments on, 133
during hospitalization (1979), 207
Max Perutz and, 115
newspaper prank on Watson, 124, 125
sarcasm, 289—290
Sartre’s comments on, 285-286
use to underscore serious messages, 286
Hunt, Tim, 276, 277
Huxley, Hugh, 10, 114
Huxley, Julian, 10
Huxley, Thomas Henry, 10-11
Hybridoma technique for production of
monoclonal antibodies, 154

I

“The Identity of the Microsomal Lipoprotein-
Ribonucleic Acid Complexes with
Cytologically Observable
Chromidial Substance
(Cytoplasmic Ribonucleoprotein)
in the Hepatic Cell” (Brenner), 48

[lumina, 257

IMCB (Institute for Molecular and Cell
Biology), 264-269, 271

Immigration of European Jews to South
Africa, 3-5

Immunoglobulin genes, mutations in, 154

Imperial Cancer Research Fund (ICRF), 238

Improvisation, Brenner’s flair for, 38

In and Out of the Ivory Tower: The
Autobiography of Richard
Goldschmidt (Goldschmidt), 291-
292

“In Vitro Cloning of Complex Mixtures of
DNA on Microbeads: Physical
Separation of Differentially
Expressed cDNAs” (2000)
(Brenner, et al.), 257

Inborn errors of metabolism, 106

Indophenol oxidase, 39

Ingram, Vernon, 85, 105
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Institute for Molecular and Cell Biology
(IMCB), 264—269, 271

International Biochemical Society (1958
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Jews, emigration of Eastern European to
South Africa, 3-5
Joint Genome Institute (JGI), 243-244
Journal of Molecular Biology (JMB)

Brenner as Editor-in-Chief of, 227-228
Jacob-Monod review paper (1961), 138
Judson, Horace Freeland, 54, 70, 121, 126,
129-130
Jukes, Thomas H., 122
Junk DNA, 240-241

K
Kahn, Louis, 247
Kalahari, Brenner’s work in, 33
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expression of B-galactosidase gene in
E. coli, 123, 124
“Genetic Regulatory Mechanisms in the
Synthesis of Proteins,” 126
Journal of Molecular Biology review paper
(1961), 138
Nobel Prize (1965), 142
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Ribosomal RNA, 48
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at Cambridge University, 50
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Brenner'’s visits to, 262-263, 269-270
economy of, 261-262
financial support from, 243, 245
Institute for Molecular and Cell Biology
(IMCB), 264—269, 271
modern history, 261
National Science and Technology Board
(NSTB), 265-266
scientist training, 270-271
Singapore National Science and Technology
Medal, 271
Singer, Maxine, 183, 185, 187
Skokiaan, 45
Smell, Brenner’s sense of, 45
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South African Students Organization
(SASO), 19
Southgate, Eileen, “The Structure of the
Nervous System of the Nematode
Caenorhabditis elegans: The Mind
of the Worm,” 174
Speaking ability, of Brenner, 235
Speaking style, of Sydney Brenner, 286
Special Branch, 18
Spontaneous mutations, non-revertibility of,
109
SRI (Scripps Research Institute), 250, 251
Stahl, Frank, 130
Starling, Ernest, 23
Statistical genomics, 241
The Statue Within (Jacob), 123-126
Steinberg, Charley, 150

Stent, Gunther
bacteriophage work, 64
Brenner’s 1954 communications with, 92, 93
Brenner’s 1954 visit with, 88-89
offer of position to Brenner at Berkeley
to, 94
Stoker, Michael, 94
Stop codons, 150-152
Strangeways Laboratory, 161
Streisinger, George
at Cavendish Laboratory, 105
colinearity problem and, 104
communication with Brenner (1956), 104
food and, 106-107
host range mutants, 103
Structural Studies, LMB division, 114, 210
“The Structure of the Nervous System of the
Nematode Caenorhabditis elegans:
The Mind of the Worm” (Brenner,
Thomson, Southgate, and White),
174
Student protest, in South Africa, 18-22
Student Representative Council (SRC),
Brenner’s service on, 19, 20, 22
Student Review - A Journal for Liberals
(student publication), 19
Students
Brenner’s advice to 17-year-old (1970),
233-234
Brenner’s interaction with, 179
lectures by Brenner at Cambridge
University, 230
in Singapore, 270-271
Sturtevant, Alfred, 70
Sub-Committee on the Validation of Safe
Vectors, GMAC, 190
Sulston, John
on Brenner’s supervision style, 179
C. elegans genome research, 194-199
cell lineage studies in C. elegans, 175-176
The Common Thread, 198
Director of the Wellcome Trust Sanger
Institute, 199
election as Fellow of the Royal Society,
195
fallout with Brenner, 194-198
human genome sequencing and, 198, 239
joining Brenner’s C. elegans project, 172,
174, 175
knighthood, 199
letter of intent to Brenner, 197
Nobel Prize (2002), 116, 178, 201
“Post-embryonic Cell Lineages of the
Nematode Caenorhabditis

elegans” (1977), 177



at Salk Institute, 174-175
storage of C. elegans, 168
“The DNA of Caenorhabditis elegans”
(1974), 194
wife (Daphne), 199
Suppressor mutations, 145, 146, 150-152
Supravital staining, 47-48
Surgery, Brenner’s examination in, 46
Surstromming, 107
SV4o0, 181, 182
Swee, Goh Keng, 262, 263
Symons, A. |. A,, 66
Synagogue, Sydney Brenner’s attendance
of, 9
Systems biology, 259
Szent Gyorgyi, Albert, 83
Szent Gyorgyi, Andrew, 83
Szilard, Leo
meeting with Brenner at CSHL (1954), 87
as scientific hero for Brenner, 293

T
Takifugu rubripes, 239
Tan, Chris, 264-265, 267
Tan Keng Yam, Tony, 264
Tape RNA, 127
Tatum, Edward, 106
Taungs child, 23, 29, 41
Taylor, F. Sherwood, The Young Chemist, 7
Teaching, by Brenner at Cambridge
University, 230
Tearoom, Laboratory of Molecular Biology
(LMB), 115
Teller, Edward, 81
Tetradon, 240
Tetradon genome project, 244246
Tetrodotoxin, 241
Textbook of Pathology (Muir), 43
Textbooks, Brenner’s opinion on, 236
Thatcher, Margaret (Prime Minister)
consultation with Victor Rothschild, 231
science education of, 216
as Secretary of State for Education and
Science, 204
views on privatization, 216
visit to Laboratory of Molecular Biology,
113
Theoretical Biology (Brenner), 35
“The Theory of Mutagenesis” (Brenner,
Barnett, Crick and Orgel), 146
Thomas, Dylan, 31
Thomson, Nichol
electron microscopy skills of, 168
“The Structure of the Nervous System of
the Nematode Caenorhabditis
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elegans: The Mind of the Worm,’
174
Ties, Sydney Brenner’s dislike of, 8
Time Longer Than Rope: A History of the
Black Man’s Struggle for Freedom
in South Africa (Roux), 18
Tinbergen, Nicolas, 59
Tissiéres, Alfred, 136, 137
To Serve Man (Knight), 12-13
Tobacco Industry Research Committee
(TIRC), 251-252
Tobacco Institute, 252
Tobias, Phillip
on Brenner and heterochromatin, 40-41
Brenner watercolors owned by, 8
on commencement address by Brenner
(2003), 235
on fieldwork, 34
as president of NUSAS, 19, 20-21
Tonegawa, Susumu, 277
Tonomura, Arika, 275
Tooze, John, The DNA Story: A Documentary
History of Gene Cloning, 181
Tracz, Vitek, 287
Transfer RNA (tRNA)
adaptor hypothesis, 81
Crick’s adaptor hypothesis, 141
identification by Zamecnik and
Hoagland, 141
nonsense suppression and, 152
Translational medicine, 220-221, 267
Travel, by Brenner, 236
Travers, Andrew, 280
Triplet nature of genetic code, 79, 83, 142,
146-148
Trypsin, 105
Tryptophan biosynthesis, mutants defective
in, 66
Tryptophan synthase gene and protein,
Escherichia coli, 108
Tryptophan synthetase, 151
Tumor prizes, 182
Turing, Alan, 170
Turnip yellow mosaic virus mRNA, Crick and
Brenner experiments with, 149
Twort, Frederick, 62

U
Ullrich, Axel, 268
unc-54 gene, 193
unc (uncoordinated) C. elegans mutants, 169,

177

Uncle Syd (Brenner’s pen name), 286-287
United States, Brenner’s 1954 trip to, 75-90
University Extension Act, 18
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University of California at Berkeley
Brenner’s 1954 visit to, 87, 89
Ellsworth Dougherty and, 165
Gunter Stent’s laboratory at, 87, 89, 94
University of California at San Diego, 247,
253, 254
University of Edinburgh, 50
University of the Witwatersrand
Brenner’s attendance at medical school,
13, 15-28, 4347
Brenner’s honors year, 37-42
Brenner’s science year, 29-36
commencement address by Brenner
(2003), 235
history of, 15-17
Lecturer in Physiology position,
Brenner’s, 91-97
University of Wisconsin, Lederberg’s offer of
position to Brenner, 93
“Unstable Ribonucleic Acid Revealed by Pulse
Labeling of Escherichia coli” (1961)
(Gros, Hiatt, Gilbert, Kurland,
Risebrough, and Watson), 138

\Y
Van Zyl, Betty, 92
Vanderbilt University, 63
Vaughan, Janet, 216
Venkatesh, Byrappa, 241, 264, 269
Venter, Craig
fugu genome sequencing, 244-245
human genome sequencing, 239
A life decoded: My genome: My life
(2007), 238
Venture capital, 251, 257, 259-260
Vincent, W. S., 122-123
Viruses, 1950: Proceedings of a Conference
on the Similarities and
Dissimilarities between Viruses
Attacking Animals, Plants, and
Bacteria, Respectively, 62
Visiting Boards, MRC, 213
“Vitamin A and Porphyrin-Fluorescence in the
Livers of Pellagrins, with Special
Reference to the Effects of a High
Carbohydrate Diet” (Brenner,
Gillman, and Gillman), 38
Vokhminzeva, Lyubov, 77
Volkin, Elliot, 120-123
Vollmer, April, 245-246
Von Neumann, John, 54, 71, 74, 170, 293

W

Waddington, Conrad Hall, 49-50
Wade, Nicholas, 250

Walker, John, 116
Wall, Charles, 252
Wang, Charles, 252
Warburg manometer, 39
Waring blender experiments, of Hershey and
Chase, 84
Wassarman, Paul, 117
Water divining, 33-34
Waterston, Bob, 195
Watson, James
Brenner’s communication with concerning
Gamow model (1954), 80
Brenner’s communication with
concerning isolation in South
Africa (1955), 92
Brenner’s communication with
concerning paper in Nature
(February, 1961), 137
Brenner’s communication with
concerning Paris plans (1962), 153
Brenner’s communication with
concerning ribosome protein
(September, 1960), 136
Brenner’s newspaper prank on, 124, 125
car trip with Brenner, 87-88
at Copenhagen colloquium (1959), 124
Delbriick’s comments on, 72
on DNA as direct template in protein
synthesis, 125
The DNA Story: A Documentary History of
Gene Cloning, 181
DNA structure discovery, 67-69
The Double Helix, 31, 114
encouragement to C. elegans genome
project, 195
first encounter with Brenner, 68-69
Gamow and, 76, 78, 83
Genes, Girls and Gamow (Watson), 81, 83
“Genetical Implications of the Structure
of Deoxyribonucleic Acid” (1953)
(Watson and Crick), 78
Horvitz and, 176
Human Genome Project and, 237
messenger RNA discovery, 136-168
Nobel Lecture (1962), 137-138
Nobel Prize award (1962), 116, 142
nomination of Brenner, Benzer, and
Yanofsky for Nobel Prize, 110
portrayal of Franklin in The Double Helix,
114
postdoctoral fellowship with Delbriick, 87
recombinant DNA moratorium, 188
recommendation of Brenner to
Mitchison, 73
RNA Tie Club, 81



“Unstable Ribonucleic Acid Revealed by
Pulse Labelling of Escherichia coli”
(1961), 138
Woods Hole meeting with Brenner
(1954), 86-87
Watts-Tobin, R.]., “General Nature of the
Genetic Code for Proteins” (1961),
139
Weaver, Warren, 113
Weissenbach, Jean, 244
Wellcome Trust, 238
Wells, George Phillip, 10
Wells, H. G., 10-11
What is Life? (Schrodinger), 51, 84
White, John
background of, 170
on joining Brenner’s group, 171
“The Structure of the Nervous System of
the Nematode Caenorhabditis
elegans: The Mind of the Worm,”
174
Whitehead Institute at MIT, 244, 264
Wiesel, Torsten, 276, 277
Wigby, Muriel
on Brenner’s reaction to experiments, 147
C. elegans work, 168, 169
on Crick’s technical abilities, 146-147
Wilkins, Maurice
Brenner’s communication on writing for
publication, 235
Nobel Prize (1962), 142
Rosalind Franklin and, 114
Williams, Sir Bernard, 229
Wilson, Edmund Beecher, 39—40
Wines, Brenner’s taste for, 230, 287
Wiring diagram, Brenner’s desire for, 163, 167
Wits. See University of the Witwatersrand
Wits-The Witwatersrand Student
(newspaper), 20
Wollman, Elie, 123, 152-153
Wolpert, Lewis, 218, 285, 290
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Woods Hole Marine Biology Laboratory
Brenner’s summers at, 239
Brenner’s trip to (1954), 86-87

Work, T. S. “Tommy,” 69

World War I, 16

World War I1
atomic bomb program, 120
Brenner and, 35-36
Frangois Jacob in, 152
Jan Christian Smuts in, 16
Morris Brenner and, 6
Rothschild, Victor in, 23
Singapore, 261

Writing, by Brenner, 233-236

Writing for publication, Brenner’s view on,

235-236

X

X-ray crystallography
Brenner’s education in, 61
diffraction patterns of DNA, 53

Y
Yanagida, Mitsuhiro, 276
Yanofsky, Charles
colinearity of trpA gene and TrpA
protein, 108, 151
Lasker Award for Basic Medical Research,
110
Ycas, Martynas, 81, 122-123
Yeh, G. P, 275
Yeo Liat Kok, Philip, 265-267, 270-272
Yew, Lee Kuan, 261, 262, 263
Ying, Jackie, 268
Yomiuri Shimbun (newspaper), 276
Young, R. B, 23
The Young Chemist (Taylor), 7
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