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tic recombination in bacteria (by the pro-
tocol that later proved to be successful).
These notes coincide with the beginning of
my course in medica] bacteriology. They
were provoked by the contrast of the tra-
ditional teaching that bacteria were Schi-

zomycetes, asexual primitive plants, with |

an appreciation of sexuality in yeast’,
which was represented at Columbia by the
graduate research work of Sol Spiegelman
and Harriett Taylor.

Dubos’ cited many unclear, and two
clear-cut negative results™ for sexuality in
bacteria using genetic exchange metho-
dology. But these two studies had no
selective method for the detection of re-
combination and so would have over-
looked the process had it occurred less
often than perhaps once per thousand
cells. With the use of a pair of nutritional
mutants, say A*'B” and A"B”, one could
plate out innumerable cells in a selective
medium and find a single A*B” recom-
binant. In early July, I began experiments
along these lines. In the first instance I
used a set of biochemical mutants in
Escherichia coli, which ] began to accumu-
late in Ryan’s laboratory. To avoid the
difficuity that had arisen in our Neuros-
pora experiments, a spontaneous rever-
sion from A'B* to A’B", the strategy
would be to use a pair of double mutants:
A'BC'D* and A’B*C D". Sexual cross-
ing should still generate A*B*C*D" pro-
totroph recombinants. These would be
unlikely to arise by spontaneous rever-
sions which, in theory, requires the coin-
cidence of two rare events; A~ -— A* and
B~ - B*. Much effort was devoted to
control experiments to show that double
reversions would follow this model, and so
occur at a negligible frequency in the cul-
tures handled separately. Thus the occur-
rence of prototrophs in the mixed cultures
would be presumptive evidence of genetic
recombination.

Long shot

Meanwhile at Stanford, Ed Tatum,
whose doctoral training at Wisconsin had
been in the biochemistry of bacteria, was
returning to bacteria as experimental sub-
jects, having published two papers on the
production of biochemical mutants in E.
coli’, including double mutants like those
described here. During the summer of
1945 Francis Ryan learned that Tatum was
leaving Stanford to set up a new program-
me in microbiology at Yale. He suggested
that, rather than merely ask Tatum to
share these new strains, I apply to work
with him and get the further benefit of his
detailed experience and general wisdom.
Tatum agreed and suggested that I arrive
in New Haven in late March, to give him
time to set up his laboratory. He hinted
that he had some similar ideas of his own,
but never elaborated them. The arrange-
ment suited him by leaving him free to
complete his work on the biochemistry of

COMMENTARY

Experimental luck

1. We have learned"” that E. coli strain
K-12 itself was a remarkably lucky
choice of experimental material: only
about one in twenty randomly chosen
strains of E. coli would have given posi-
tive results in experiments designed
according to our protocols. In particu-
lar, strain B, which has become the
standard material for work on bacter-
iophage, wonld have been stubbornly
unfruitful. Tatum had acquired K-12
from the routine stock culture collec-
tion in Stanford’s microbiology depart-
ment when he sought an E. coli strain to
use as a source of tryptophanase in
work on tryptophan synthesis in
Neurospora”. The same strain was then
in hand when he set out to make single,

and then double mutants in E. coli’. |
In 1946, I was very much aware of strain
specificities and was speculating about
mating types (as in Neurospora). 1 have
ne way to say how many other strains
would have been tried, or in how many
combinations, had the June 1946 ex-
periments not been successful.

2. An equally important piece of luck
was that, the selected markers Thr
(threonine) and Leun (leucine) are found
almost at the origin of the E. coli chro-
mosome map"”. The cognoscenti will
recognize that in a cross BMT'LF”
X B*M"T L"F, the configuration used
in June 1946, these chromosome locali-
zations offer almost a maximum yield of
selectible recombinants. We were
therefore led stepwise into the complex-
ities of mapping.

Neurospora, perform the heavy adminis-
trative duties of his new programme, and
still participate in the long-shot gamble of
looking for bacterial sex.

It took about six weeks, from the first
serious efforts at crossing in mid-April
1946, to establish well-controlled, positive
results. These experiments could be done
overnight, so the month of June allowed
over a dozen repetitions, and the recruit-
ment of almost a dozen genetic markers in
different crosses. Besides the appearance
of A*B*C*D" prototrophs, it was impor-
tant to show that additional unselected
markers in the parent stocks would segre-
gate and recombine freely in the protot-
rophic progeny. This result left little doubt
as to the interpretation of the experiments.

An immediate opportunity for public
announcement presented itself at the in-
ternational Cold Spring Harbor Sympo-
sium in July. This was dedicated to the
genetics of microorganisms, signalling the
postwar resumption of major researchina
field that had been invigorated by the new
discoveries with Neurospora, phage, and
the role of DNA in the Preumococcus
transformation. Tatum was already sche-
duled to talk about his work on Neuros-
pora. We were granted a last-minute im-
provisation in the schedule to permit a
brief discussion of our new results.

The discussion was lively. The most
principled criticism came from Andre
Lwoff who worried about cross-feeding of
nutrients between the two strains without
their having in fact exchanged genetic in-
formation. Having taken great pains to
control this possibility, I felt that the in-
direct genetic evidence was quite conclu-
sive, Fortunately, Max Zelle mediated the
debate, and generously offered to advise
and assist me in the direct isolation of sing-
le cells under the microscope. These sub-
sequent observations did quiet remaining
concerns of the group that Lwoff had
assembled at the Pasteur Institute, includ-
ing Jacques Monod, Francois Jacob and
Elie Wollman, who were to make the most
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extraordinary contributions to the further
development of the field. The single cell
methods were also useful in later investi-
gations in several fields. A direct result of
the Cold Spring Harbor meeting was the
prompt ventilation of all the controversial
issues. With a few understandable, but
minor points of resistance, genetic recom-
bination in bacteria was soon incorpo-
rated into the mainstream of the burgeon-
ing research in molecular biology, and
after another decade or so into the standard
texts of bacteriology. It still took some
years to work out the intimate details of
crossing in E. coli; some, including the
crucial question of the physical mechan-
ism of DNA transfer between mating
cells, are still obscure.

The public image of the scientific frater-
nity today has seldom been so problematic
and the system cannot avoid putting a high
premium on competition and self-
assertion. We can recall with gratification
how the personalities of Ryan* and
Tatum" exemplified norms of nurture,
dignity, respect for others, and above all a
regard for the advance of knowledge.

Joshua Lederberg is at the Rockefeller Uni-
versity, New York, New York 10021. The
research summarized in this article was sup-
ported in 1946 by a fellowship of the Jane
Coffin Childs Fund for Medical Research.
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