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Molecular parameters inferred from hydrodynam-
ics and fiber diffraction agree with the supposition
that aminoacridines impose a substantial depar-
ture from the Watson-Crick helical structure upon
binding to DNA. The polycyclic Cation is sand-
wiched between otherwise adjacent base pairs in
the partially unwound helix. The results are
stereochemically plausible and conflict with other
hypotheses. (The SCI~indicates that this paperhas
been cited in over 950 publications since 1961.]
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“1 began to think about the structure of com-
plexes of DNA with polycyclic aromatic molecules
while engaged in studies on genetic transforma-
tion in pneumococcus. Rough stereochemical cal-
culations confirmed the plausibility of an interca-
lated structure in which the double helix unwinds
slightly to open a space of the appropriate thick-
ness into which a carcinogenic polycyclic hydro-
carbon (or a similar mutagen) might fit. The real
problem seemed to be to devise an experiment
that would provide structural evidence. While op-
tical and dialysis-equilibrium measurements gave
meaningful thermodynamic data, they did not per-
mit decisive structural interpretations that might
distinguish intercalation from any other binding
geometry. Lengthening of the molecule seemed to
be easily measurable without elaborate instrumen-
tation. The upper limit of first-order binding
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im-

plied a length extension of 45 or 50 percent, which
could be demonstrable as a change in the intrinsic
viscosity of DNA, assuming that the increment in
length was not compensated by increased flexibili-
ty. The attachment of nonintercalated cations
would be expected to give a small decrease in the
intrinsic viscosity because of diminished elec-
trostatic repulsions between parts of the molecule.
The first experiment showed a large viscosity
change in the right direction, opposite to the ef-
fect of putative nonintercalators.

“Most of this paper Is concerned with the ex-
amination of physical properties and parameters

other than viscosity. Although no single experi’
ment could stand by itself to demonstrate interca-
lation, each ruled out alternative structural hy-
potheses while remaining consistent with the inter-
calated structure. I prepared X-ray diffraction pat-
terns from proflavine-containing DNA fibers and
constructed a satisfactory molecularmodel during
my sojourn with Crick at the MRC laboratory In
Cambridge. In subsequent papers,
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I reported the

use of two nonparallel transition moments inflow
orientation measurements to define the plane of
Intercalation and demonstrated the unreactivity of
intercalated amino groups toward nitrous acid.
The work was summarized together with new
studies indicating the Intercalation of other types
of molecules, the thermal stabilization of DNA,
the selective stabilization of the double (ribo)
helix over the triple, a better analysis of the fluo-
rescence orientation data, and other results.
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of my drawings from that paper has been widely
reproduced, although usually credited to later
authors. In reference 5, I showed the intercalation
of a carcinogenic pentacyclic acridine and an ex-
tensive set of negative measurements on noninter-
calalors. A new, clear demonstration of complexes
of DNA with benzopyrene was included.

“The analysis of the intercalated structure of-
fered a key to understanding the existence of two
types of mutation that were mutually compen-
satory when in close proximity. On genetic
grounds and by analogy to intercalation, these
were identified by the Brenner-Crick group as in-
sertions and deletions. As far as I know, my
hypothesis
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that pairwise intercalation can intro.

duce unequal crossing over is the only proposal for
a mechanism that specifically depends on the in-
tercalated structure. Other hypotheses that invoke
only helix stabilization Ignore the nonmutagenic-
ity of nonintercalating helix stabilizers.

“This paper was the first to use the term ‘inter-
calation’ with respect to DNA. It was analogous to
use of the term in calendar structure (e.g.,
February 29th is an Intercalated day). It also
describes the insertion of metal atoms between
layers of graphite in a sense similar to the DNA
usage. A review on structure has been given by
Berman and Young.
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The frequent citation of this

paper may be attributable to the relevance of the
proposed structure to the mechanism of action of
some antibiotics, of some antiparasitics including
antimalarials, of some anticancer agents, and of
substances that effect loss or alteration of cx-
trachromosomal DNA, as well as carcinogens and
mutagens. It is also cited because the structure
represented the first well-defined departure of
DNA from simple helicity.”
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