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In these days of high throughput sci-
ence, when advances in technology
have literally given us the power to
make atom-by-atom descriptions of all
living matter, it is refreshing to look
back at an earlier time, when advances
in science required both a good idea
and the means to show it was true. We
were like Houdinis, strapped in chairs
with our hands tied behind our backs
trying to escape from locked rooms.
This book is the history of the
Meselson–Stahl experiment—the most
beautiful experiment in biology—and
reconstructs both the background and
the event itself in a most meticulous
and admirable way. Although we learn
about the revolution in biology conse-
quent upon the discovery of the double
helix, it is not history in the large but
rather history on the minute scale of
what actually happened in the creation
and execution of the experiment. The
author has had access both to the note-
books and the memories of the scien-
tists as well as to others and he has
marshaled all of this detail into a narra-
tive that is interesting and informative.

When the double helical structure of
DNA was proposed, the intertwining of
the strands created an objection in the
minds of some who became concerned
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Great experiments either prove a previous
notion, or they reveal unexpected results
that lead to new ideas. In science, ideas are
propagated and the very best of them sur-
vive for many years, if not forever.
Experiments are, by their very nature,
often transitory and useful but for a mo-
ment in time. However, at least one no-
table experiment is an exception: the
famous Meselson and Stahl experiment. In
a recent labor of love, Frederic Lawrence
Holmes delves into this experiment, telling
us how it came about, how it was con-
ceived, how it was executed and what it
meant at the time. Along the way, one gets
a glimpse of what it was like to do science
in the earliest days of molecular biology
and a sense of the social
aspects of science in those
heady times.

The second of the fa-
mous papers by Jim
Watson and Francis Crick
deals with the implica-
tions of the double-helix
structure for inheritance
and states that “each
chain then acts as a tem-
plate for the formation on
to itself of a new compan-
ion chain so that eventu-
ally we shall have two
pairs of chains, where we
only had one before”.
Therein, they proposed that the DNA un-
wound and each strand was a template for
the synthesis of a complementary strand,
begetting two identical helices. They sug-
gested that DNA might replicate in a semi-
conservative manner, rather than the
alternative conservative mode whereby the
parental double helix remained intact and
the new double helix was identical to the
parent, but composed of entirely new

strands. The Meselson and Stahl experi-
ment demonstrated that Watson and Crick
were correct in their assumption.

It seems difficult these days to compre-
hend that there was ever any doubt about
how DNA must replicate. But masterfully,
and in great detail, Holmes takes us back to
the discourse that emerged immediately
after the double-helix revelation. Many
were concerned about what the great Max
Delbrück thought of the double helix, and
although he enthusiastically spread the
word about its structure, true to form, Max
had a problem: the “untwiddling prob-
lem”. How could the two strands that were
intertwined so many times separate during
replication? He was not only concerned
about the problem, as were Watson and
Crick, but he proposed a complicated (and
incorrect) solution in a Proceedings of the
National Academy of Sciences paper in the
Spring of 1954.

Holmes’ well-written book describes
every detail from thenceforth. The chance
meeting of Matt Meselson and Frank Stahl
at Woods Hole, the seminar by Monod
that induced Meselson to think about den-
sity transfer, the trials of experimentation
and of course the “beautiful experiment”
itself. Although dense, the story is worth
reading to understand what science was
like in the 1950s and how a great experi-
ment came about. It also describes the en-
vironment at Caltech during that era,
scientifically exciting, but socially bleak. I

assume the social environ-
ment in Pasadena has im-
proved, but clearly the
science there remains as
strong as it was. Students
who do science, or those
who study the process will
learn much from this book
on how great science can
be accomplished.

What struck me while
reading this treatise was
the remarkably open 
exchange of ideas between
the early phage investiga-
tors, via letters and discus-
sions at meetings.

Scientists traveled (and reveled) more than
I would have thought, a common thread
that has emerged in other books I have
read about the early phage days. For exam-
ple, Holmes reports that Meselson and
Stahl wrote many times to Jim Watson and
others about the design and progress of
their experiments. Obviously Watson had
a more than passing interest in the matter,
but more interestingly, Meselson and Stahl

wrote to and visited Gunther Stent at
Berkeley to discuss their progress. They did
this even though Stent was working on the
replication problem and favored the
Delbrück proposal that DNA replication
was not semi-conservative. We should
learn from history, because unfortunately,
in modern molecular biology where scien-
tists are not as technique-limited as they
once were, the free exchange of ideas is in
danger of being lost.

The measure of a great technique is what
it reveals and whether it lasts. The
Meselson and Stahl experiment is still in
wide use today. It has been used to demon-
strate the distributive nature of histone de-
position during chromosome replication
and most recently to study the mechanism
and timing of replication of the entire
genome of the yeast Saccharomyces cere-
visiae. Very few experimental methods
have survived as long as the density-trans-
fer idea. Thus, I expect that Holmes’ book
will be read for many years to come, and
justifiably so.
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that the strands would have to be un-
wound in order for them to be repli-
cated. Max Delbruck, in particular, was
most troubled by it. It was fortunate
that, at the time, people did not know
that there were DNA molecules that
were closed circles, because they would
have declared the replication model
proposed by Watson and Crick impos-
sible. Somewhere the book says that
there was a small band of enthusiastic
supporters who were not troubled by
this difficulty. I was one of them and
took the view that if it were a problem,
biological systems would have found a
way to solve it. Indeed, I think it was
Leslie Orgel who said that nature
would have invented an enzyme to do
it, a most perceptive insight.

The consequences of the replication
model were clear: after one replication
step two molecules would be present,
each with one old and one new strand.
How could one prove this? I met Matt
Meselson outside Blackford Hall in Cold
Spring Harbor in September 1954 when
he had already conceived of the idea of
doing the experiment with heavy iso-
topes using some sort of density centrifu-
gation to separate the molecules. Frank
Stahl knew how to work with phages and
the partnership was formed. However,
Meselson had to complete his PhD thesis

research in crystallography, and while
making the transition from physical
chemistry to biology, he kept detailed
notes about what he was reading in a
workbook. The evolution of his thinking
can be followed from these books.

After spending time trying to do the
transfer experiment with 5-bromouracil-
labeled bacteriophage T2, density-gradi-
ent ultracentrifugation became possible
and they switched to using bacteria and
15N labeling. They were able to show
that the difference in density between
light 14N- and heavy 15N-labeled DNA
was sufficient to allow a molecule of in-
termediate density to be resolved,
whereupon Meselson decided to do a
double-transfer experiment from heavy
to light and light to heavy medium
against the advice of Stahl who had to
go to an interview in Missouri. Meselson
also added several controls and labeled
the tubes from this large series of experi-
ments with a complicated code before
proceeding to analyze them in the ultra-
centrifuge. His memory was that the ex-
periment had worked, but an
examination of the original films
showed that his recollection of the re-
sult was wrong. None of the films
showed the expected three bands that
Meselson thought he saw when he
rushed over to announce the result at a

party being held at his house. Of course,
later experiments gave the expected re-
sult.

It could be said that if historians have
the benefit of hindsight, scientists have
the advantage of foresight. Meselson
had sketched the expected result before
doing the experiments and I think he su-
perposed in his mind the individual re-
sults of his experiments to generate an
answer compatible with it. All experi-
mentalists know you have to do an ex-
periment four times. The first one is a
complete mess and shows only a hint
that it might have worked. The second
one is better but still messy. Then you
do it the third time for the book. This is
when you forget to add a reagent, or mix
up the tubes or the centrifuge leaks. That
is why there is always a fourth time.

I urge every young scientist to read
this book. In 1957, when the experi-
ment was performed, Meselson was 27
and barely with a PhD in chemistry.
Frank Stahl was 28 and a postdoctoral
fellow at the California Institute of
Technology. Both were doing an experi-
ment that had nothing to do with their
official programs of research. They sim-
ply went ahead and did it. They filled
out no forms, made no applications,
had no reviews. They only had the judg-
ments of their real scientific peers.

LETTERS TO THE EDITOR

We want to hear from you! Nature Medicine is the forum for
the latest, best, and most original biomedical research,
news, and opinion. As such, we welcome letters from
readers wishing to address topics reported on in previous
issues, or subjects of interest to the biomedical research
community at large. Letters should be brief and concise (no
more than 500 words), and sent to Nature Medicine, 345
Park Avenue South, New York NY 10010, USA, or sent by
fax (212.683.5751) or email to medicine@natureny.com.
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