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When isolated eukaryotic nuclei were spread at
low ionic strength onto an electron microscope
grid, they revealed a 'beads-on-a-string' appear-
ance. This paper represented the first ultrastructur-
al description of the repeating chromatin subunit.
[The SC/® indicates that this paper has been cited
in over 790 publications since 1974.]
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"During the academic year 1970-1971, we en-joyed
a sabbatical at the department of biophysics.
King's College, London. The Pardon-Wilkins
supercoil model' of chromatin was widely ac-
cepted at that time, and we eagerly met these
authors and other leading British scientists inter-
ested in chromatin. During that year, we became
captivated with the beautiful electron micro-
graphs of Howard Davies describing the ordered
30 nm chromatln 'unit threads' of avian erythro—
cyte nuclei. 2 Also durrng that year, Ruth ltzhaki®
and Gary Felsenfeld* independently published
evidence that a large amount of chromatin DNA
was exposed. In addition, our own experiments
demonstrated that isolated nuclei could be 're-
versibly' decondensed by removing dlvalent
metals and by reducing the buffer ionic strength

"Returning to Oak Ridge in September 1971, we
set about to visualize the 'naked' stretches of
DNA in chromatin, fully expecting to see very long
regions between structures resembling supercoils.
We initially tried the method of critical point dry-
ing but the results were hopeless; chromatin be-
came a tangled, twisted mess under these condi-

tions. Oscar L. Miller, Jr., was in Oak Ridge at that
time, and we decided to try his method of centri-
fuging swollen nuclear contents onto a carbon
film. For several months during the winter of
1972-1973, we accumulated micrographs of well-
spread erythrocyte nuclei, never suspecting what
could be revealed under a simple magnifying lens.
One evening in February 1973, we happened to
look closely at some negatively stained nuclei. To
our excitement and surprise we saw that every-
where the chromatin looked like 'beads-on-a-
string.! We called these particles v (nu) bodies
because they were new in the nucleohistone field.

"By April 1973, we were confident of our discov-
ery. We were teaching biophysics to graduate
students at that time, and the model of hemoglo-
bin led us to suggest the possibilities of a particle
dyad axis, and of allosteric transitions. During
May and June, we concentrated upon establishing
that v-bodies could be seen in thymus and liver
chromatin, and in July, we submitted our manu-
script to Science. That summer we visited England
and those scientists known to be interested in
chromatin, describing the discovery and our
speculations to our friends at King's College, to
John Pardon and Brian Richards in High Wyc-
ombe, to Itzhaki in Manchester, and to Morton
Bradbury in Portsmouth. We suggested to Davies
that his unit threads might be a helical folding of
v-bodies, rather than a folded 'supercoil." Those
were the last days before the field became
charged with emotion and bristling with the claims
of priority.

"In November 1973, at the annual meeting of
the American Societ%/ of Cell Biology, we
presented an abstract” on the discovery of v-
bodies. Perusing the abstracts we encountered a
report by Chris Woodcock,” who had clearly been
working on parallel lines. By 1974, the chromatin
field had changed irreversibly. Ultrastructural and
biochemical studies had converged, and the basic
chromatin subunit was secure.® Our article in
Science represented the publication of the first
micrographs establishing the chromatin subunit
(now called 'nucleosome’), coupled with specula-
tions of its composition (two of each histone), a
DNA packing ratio of 6:1, and its relationship to
higher levels of chromatin The high citation
reflects its significance toward an understanding
of chromosome structure and function "
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