Yeast Chromatin Subunit Structure

Abstract. Micrococcal nuclease digestion of in situ (intranuclear) and in vitro
yeast chromatin produces distributions of DNA molecules of discrete sizes. In
both cases, these molecules appear to be integral multiples of the smallest size on
polyacrylamide gel electrophoresis. This result implies a widespread generic
occurrence of the periodic organization of chromatin seen in mammalian systems.

Digestion of a number of mamma-
lian chromatins {for example, rat liver
(1, 2), Krebs II ascites cells (2), and
calf thymus (3)] by in situ action of
endogenous or exogenous nuclease
yields DNA fragments of discrete sizes.
Such results suggest that much of the
nuclear DNA of these cells exhibits a
periodic pattern of organization, pre-
sumably produced by chromosomal pro-
teins. Is this pattern an invariant fea-
ture of chromatin structure?

Bakers’ yeast, Saccharomyces cere-
visiae, is a primitive eukaryote and
contains a chromatin that differs funda-
mentally in several respects from that
of higher organisms: yeast does not
seem to show condensed metaphase
chromosomes; it has a small genome
size [about 7 X 108 daltons per chro-
mosome (4)], with a very small frac-
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Fig. 1. Polyacrylamide gel electrophoresis
of DNA from yeast chromatin digested in
situ (A to E) and in vitro (G to J) by
micrococcal nuclease (120 unit/ml at
37°C) for the times indicated. All gels
were electrophoresed simultaneously. In
situ: A, control (no nuclease, held at
37°C for 10 minutes); B, 1 minute; C,
3 minutes; D, 5 minutes; and E, 10 min-
utes. In vitro: G, control (no nuclease,
held at 37°C for 4 minutes); H, 30 sec-
onds; I, 1.5 minutes; and J, 4 minutes.
F, PM2 DNA, cleaved by Hae III re-
striction endonuclease. Abbreviation: BP,
base pairs.
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tion of repetitive DNA (5); and the
histone complement of yeast is smaller
than the histone complement of higher
eukaryotes (6). Nevertheless, we shall
show here that digestion of yeast chro-
matin also produces a series of discrete
sizes of DNA molecules.

Yeast nuclei were isolated from cells
in the logarithmic phase of growth (7)
and incubated in a solution of 1M
sorbitol and 1 mM Ca2+ at 37°C, to
which micrococcal nuclease (Worthing-
ton) was added (to 120 unit/ml). The
reactions were stopped at various times
by adjusting the solutions to 10 mM
in ethylenediaminetetraacetate and
chilling on ice. The digests were then
treated with a mixture of bacteriophage
T1 ribonuclease (100 unit/ml) and
bovine pancreatic ribonuclease (100
ng/ml) for 20 minutes at 37°C to
remove RNA, and the DNA was iso-
lated by a modification of Marmur’s
procedure (8). The isolated DNA was
electrophoresed on 2.5 percent poly-
acrylamide gels (9) and stained with
ethidium bromide.

Several points are clear. The exoge-
nous enzyme produces distinctive and
rather sharp size classes of DNA whose
distribution is time dependent (Fig. 1).
One size class of DNA seems to be
pivotal: short digestions produce frag-
ments of this size class plus larger frag-
ments, while longer digestions produce
this class plus smaller, although less
well resolved, fragments. Such a “basic”
unit has been observed in the digestion
patterns of chromatin from higher eu-
karyotes (10). Micrococcal nuclease
acting on isolated yeast DNA produces
a continuous smear of small DNA sizes
(not shown) so that the enzyme is not
recognizing and cleaving specific base
sequences of yeast DNA to produce
the discrete size classes.

As shown in Fig. 2, the bands plot
as a straight line on a logarithmic plot
of band number versus migration on
the gel. This strongly suggests that the
larger bands are multimers of the basic
band (11). Tentative estimates of the
number of base pairs in each band,
given in Fig. 2, agree with the conclu-
sion that the bands larger than the
basic band are integral multiples of the
basic or monomer band. Also, increas-

ing times of digestion show an increase
of the amount of DNA in the monomer
band and the disappearance of the
larger bands. This is shown by com-
paring the results of various times of
digestion in Fig. 1 (gels B to E). The
amount of DNA on each gel is com-
parable; the same amount of the nu-
clear suspension was extracted and run
for each gel except E, which contained
approximately 10 percent less than the
others.

In vitro digestion of chromatin iso-
lated from yeast nuclei yields a gel
pattern similar to that found with in
situ digestion. Bands are somewhat
sharper, occur at approximately the
same position, and the log plot of band
number versus migration on the gel is
again a straight line and is virtually
superimposable on the plot for in situ
digested chromatin (Fig. 2). Again,
increasing digestion times produce in-
creasing amounts of monomer, but
there are significant differences. In all
nuclear digestions there is some rather
high-molecular-weight DNA present
near the origin, which is not present
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Fig. 2. Log plots of band number versus
mobility on the gel, in arbitrary units, for
gel B (Fig. 1; nuclear digestion; circles)
and for gel H (Fig. 1; isolated chromatin
digestion; crosses) calling the smallest
band in Fig. 1 number 1. For each point
in the in situ digestion the estimated
number of base pairs (bp) is given. In
addition, the ratio of the number of
base pairs in each multimer to the number
of base pairs in band number 1 is indi-
cated by 2.0 X, 3.0 X, and so forth.
These values for the DNA sizes in the
digest bands were obtained by interpola-
tion from a plot of In(base pairs) versus
migration for the PM2 bands of gel F in
Fig. 1. The numbers of base pairs in the
PM2 fragments were determined by si-
multaneous electrophoresis with fragments
of DNA from SV40, produced by Hae III,
whose size is known from an analysis of
these fragments labeled with P (15).
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after even very short digestion times
when isolated chromatin is used. Also,
the time course of digestion is much
more rapid in isolated chromatin. Both
of these observations could be ex-
plained by the increase in accessibility
of the nuclear chromatin in solution.
However, it is significant that much of
the same repeating structure still exists
for the in vitro chromatin.

The width of the DNA monomer
band in higher eukaryotes does not
preclude microheterogeneity of these
particles. The sharper yeast monomer
bands, especially for the in vitro chro-
matin digests, suggest a much less poly-
disperse subunit.

As in higher eukaryotes, these size
classes probably arise as a result of
protection of sections of DNA by
bound chromosomal proteins, render-
ing these sections inaccessible to nu-
cleases. Evidence indicates that in mam-
malian systems these protected sections
occur as repeating, globular particles in
chromatin (12), and models for the
structure of such particles have been
proposed (I3, 14). The presence of
specific DNA size classes, and presum-
ably a similar repeating subunit struc-
ture, in one of the most primitive
eukaryotes indicates that this mode of
organization must be a widespread
characteristic of the structure of chro-
matin. Of course, the fine structure of
such a subunit in yeast may very well
differ from the subunit of higher eu-
karyotes, especially since histones F1
and probably F3 are lacking (6). If
this is true, F3 cannot fulfill, in the
yeast chromosomal subunit, the cen-
tral role postulated for it by one model
[see (/3)] of the chromosomal sub-
unit in higher eukaryotes. The pres-
ence of a periodic mode of chromatin
organization in yeast, in which a rela-
tively large proportion of the DNA
corresponds to genetically expressed in-
formation, suggests that this mode of
organization may involve structural
genes as well as (or perhaps instead
of) other types of nuclear DNA.
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Abstract. The significance of fever in response to a bacterial infection has been
investigated using the lizard Dipsosaurus dorsalis as an animal model. These
lizards develop a fever of about 2°C after injection with the bacterium Aeromonas
hydrophila. To determine whether this elevation in body temperature increases
the resistance of the host to this infection, as measured by survival, lizards were
infected with the live bacteria and placed in a neutral (38°C), low (34° or 36°C),
or high (40° or 42°C) ambient temperature. An elevation in temperature follow-
ing experimental bacterial infection results in a significant increase in host survival.

The significance of fever in disease is
an enigma (I/-3). Most mammals de-
velop fever after becoming infected
with bacteria; but it is unclear whether
the fever is harmful or beneficial to the
host. Bennett and Nicastri (1) reviewed
arguments for and against the common
notion that fever is advantageous to the
host in combating infection. Studies
with specific diseases (syphilis and gon-
orrhea) involved extraordinarily high
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Fig. 1. Percentage survival of D. dorsalis
injected with A. hydrophila and maintained
at temperatures of 34° to 42°C. The num-
ber of lizards in each group is given in
parentheses.

and therefore unnatural elevations in
body temperature, which do kill the
parasites before the host and therefore
are beneficial to the host (“fever ther-
apy”) (I). Other studies (4) involved
rendering an animal hyperthermic or
hypothermic and then measuring its re-
sistance to infection. These approaches
are not directly relevant to the question
whether fever benefits the host because
in fever therapy the temperature altera-
tions, which are artificially induced, ex-
ceed the normal range of the febrile
response, and in the experiments in-
volving resistance to infection the tem-
perature alterations precede the infec-
tion. A more direct test would involve
determinations of LD;,’s (LDjy, is the
lethal dose to 50 percent of a popula-
tion) in two groups of animals injected
with suitable bacteria. In one group,
the febrile response would be allowed
to develop, and in the other group the
fever would be suppressed. Fever could
be suppressed by administering an anti-
pyretic drug such as aspirin, by artifi-
cially elevating the hypothalamic tem-
perature, by placing the animals in an
ice bath, or by maintaining them in a
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