
A screening procedure for extracting plasmid DNA
from bacterial cells is described. Chromosomal DNA
is selectively denatured by alkali treatment while co-
valently closed circular plasmid DNA remains double-
stranded; on neutralization, a heavy precipitate forms
leaving partiall~rpurifIedplasmid DNA in solution.
(The 5Cl~indicates that this paper has been cited in
over 4,160 publications, making it the most-cited
paper from this journal.]

p

H.C. Birnboim
Department of Experimental Oncology

Ottawa Regional Cancer Centre
Ontario Cancer Treatment and Research

Foundation
Ottawa, Ontario K1H 8L6

Canada

May 16, 1988

In 1978 I had arranged to take sabbatical leave
from my position at the Atomic Energy of Canada
laboratories in Chalk River to spend a year in Paris
in the laboratory of Giorgio øernardi. Several years
earlier, Neil Straus, University of Toronto, and I had
identified a class of repetitivesequences in the DNA
of many higher eukaryotes that consisted of long
polypyrimidine/polypurine tracts, up to 200 base
pairs in length. As the recombinant DNA era was
dawning, I chose to use my sabbatical period to
clone some of these tractS in order to study them
in more detail.

Necessity was the mother of invention, and the
alkalineextraction procedure for screening plasmid
DNAs grew out ofa specific need related tothis proj-
ect. These tracts are resistant to acid treatment,
which breaks the bulk of the DNA into fragments
less than 20 nucleotides in length. The strategy I
planned to use was to label individual clones from
a mouse DNA library in vivo with 32p

1
, extract plas.

mid DNA in fairly pure form, treat it with acid, and
then separate the products ona sequencing gel. I ex-
pected that perhaps 1 in 100 clones might have a
long pyrimidine tract, which should be detectable

by autoradiography as a slow-moving band. Thus, the
screening procedure had to be reasonably simple but
also had to give fairly pure plasmid DNA largely free
of chromosomal DNA, RNA, and other

32
P-contain-

ing material. In principle, the strategy worked; sev-
eral clones of mouse DNA containing polypyrimi-
dines were identified and one was eventually
sequenced)

Although it had been shown earlier that alkaline
conditions could be used selectively to denature bac-
terial chromosomal DNA and not covalently closed
circular DNA, it required rather careful adjustment
of pH using a pH meter.
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Obviously, this would not

be practical for tiny volumes. A copy of the
Handbook of Biochemistryand Molecular Biology
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indicated that glucose could act as a buffer in the
pH range 12-13, and then it was simply a matter of
adjusting the ratio of alkali to glucose to give the
proper final pH. On neutralization, chromosomal
DNA forms a gel-like insoluble mass. High salt can
precipitate high molecular weight RNA and pro-
tern-sodium dodecyl sulfate complexes. The final pro-
tocol combined these earlier findings into a single
step.

I did not go to Paris armed with adequate fluency
in the French language. This initially made it a little
difficult for me to integrate into other projects in the
lab, and I was thus able to concentrate on getting
the alkaline extraction procedure to work. I used an
old cylindrical electrophoresis system for running
agarose gels because there was less competition for
timeon this piece of equipment. Janine Doly, a sci-
entist in the lab at the time, befriended me and
helped me set up some of the other techniques that
were needed. In July 1979 the plasmid extraction
method was introduced to a wider audience and
tested for reliability when it was used as part of a
European Molecular Biology Organization labora-
tory course on recombinant DNA held in. Pans, It
appeared to have passed the test. Further refine-
ments and some applications to a preparative
method were described subsequently, in 1983.~

The original publication continues to be widely
cited asa basic tool of recombinant DNA technology
because it has proved to be simple and reliable and
produces fairlypurified material. It led to no partic-
ular awards, but it is personally gratifying to have
developed a procedure that has survived for nearly
a decade,
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