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				In January 1974, the first electron micrographs of swollen spread nuclei exhib-iting chromatin “beads on a string” were published in Science [1]. These imag-es represented a paradigm shift in our concept of the fundamental structure of nuclear chromatin (DNA+histones). For a more complete history of nucleosome discovery, see [2].

				Prior to the discovery of nucleosome “beads”, the consensus view of chroma-tin was that histone proteins “covered” DNA, generating irregular fibers with no apparent internal symmetries. The electron micrographs and subsequent bio-physical studies established that the nucleosome beads represent a defined stoi-
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				Fig. 1. The first page of the publication “Spheroid chromatin units (v bodies)” from Science (1974).
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				chiometry of histones (duplicates of histones H3, H4, H2A & H2B) on the “inside”, with ~146 bp of DNA coiled on the “outside” of the histone core. One histone (H1) is associat-ed with the nucleosome bead and the “linker” DNA con-necting the string of beads. To the initial discoverers of this structure, these images and derived concepts represented an amazing simplification of chromatin structure.

				This apparent simplicity has not lasted very long. The discoveries of histone variants and histone epigenetic mod-ifications has illustrated how evolution utilizes a stable 

			

		

		
			
				structural motif (e.g., consider the DNA double helix and the nucleosome, both with a defined dyad axis) to generate incredible diversity in genetic information and utilization of this information. Chromatin research today concentrates on higher levels of structure and regulation of changes.
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				Fig. 2. The first page of the publication “Chromatin history: our view from the bridge” from Nature Reviews Molecular Cell Biology (2003).
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50" Anniversary of the Nucleosome Discovery: a Brief Essay

In January 1974, the first electron micrographs of swollen spread nuclei exhib-
iting chromatin “beads on a string” were published in Science [1]. These imag-
es represented a paradigm shift in our concept of the fundamental structure of
nuclear chromatin (DNA +histones). For a more complete history of nucleosome
discovery, see [2].

Prior to the discovery of nucleosome “beads”, the consensus view of chroma-
tin was that histone proteins “covered” DNA, generating irregular fibers with
no apparent internal symmetries. The electron micrographs and subsequent bio-
physical studies established that the nucleosome beads represent a defined stoi-
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Spheroid Chromatin Units (v Bodies)

Abstract. Linear arrays of spherical chromatin partcles (v bodies) about 70
angstroms in diameier have been observed in preparations of isolated eukaryotic
uclei swollen in water, centrifuged onto carbon films, and positvely or negatively
stained. These bodies have been found in isolated rat thymus, rat liver, and
chicken erythrocyte nuclei. Favorable views also reveal connecting srands about

15 angstroms wide between adiacent parcles.

investigators have postulated maliple
orders of coiling or folding of a funda-
mental nucleohistone molecule (1, 3).
Several models have been derived from
low-angle x-ray difraction studies, if-
cluding: four DNA molecues
into a single nucleohistone fibril (4); 8
INA double helix a0d associated
proteins folded into an

A'in pitch (5); and a single DNA-
protein fiber constrained iato a super-
helix 100 A in diameter and 120 A in
pitch (6). Ultrastructural studies have
also yielded a profusion of models.
‘Spreading of chromosomes on 4 Lang-
muir trough frequently yields fbrils

. although dif-

The outaging of DNA witin for e about 250 A in di
y (). The DNA ations within
be a al p regions of

due to tissue type, preseace of

uclei
Packing ratiosgrate than 100/1 (DNA sy spprovimte 200 mg/mi or more
lengih/chromatid length) are not un-  (2). Acutely aware of this problem,

agents, and method of de-
hydration and drying have been reporied
(7). Direct adsorption of sheared
chromatin onto microscope grids has
revealed 3 network of fibers approxi-
mately 100 A wide with numerous side
branches 80 to 200 A in length (5).
‘Spraying of chromatin onto a grd yields
a network of fibers (§) and separated
flaments (20 10 30 A in diameter) coo-
tsining numerous "nodular” clements
about 150 A in diameter (9). Thin
sections of nuclel and chromosomes re-
veal fragments of threads. frequeatly
100 10 200 A wide (3, 10, 11). Bram
and Ris (5) regard the 250-A fiber as
a folding (or doubling) of a superhelx,
due 1o divalent metal ons, and interpret
the thin-section data as artifacts of
chelation by buffer ions. Lampert (12)
Views the 250-A filament as 3 folding
of the superhelix of Pardon and Wilkins
(6), nd explains the thin-section data
in terms of shrinkage due to fixation.
Despite this divergence of views, there
is 3 conseasus that muliple levels of
coiling or folding are required 1o ex-
plain the observed variation in chro-
matin fiber widths.

We have attempied 1o visualize
chromatin structure by methods differ-
eat from those cited above. Interphase
nuclei were isolated from fresh rat
thymas (13),
erythrocytes ' (2), washed and cen-
rifuged twice in CKM bulfer (14) and
once in 0.2M KCI, suspended in 02
KCl at a concentration of approxi-
mately 10% nuclei per milller, and
diluted 200-fold_into distlied H,0.
Nucei were allowed 10 swell for 10 to
15 minutes, then made 1 percent in
formalin (pH 68 to 7.0). Fixation
proceeded for at least 30 minutes. All
operations, up to this point, were at 0"

scuece, vou.

Fig. 1. The first page of the publication “Spheroid chromatin units (v bodies)” from Science (1974).
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