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Linker Histones' Role Revisited
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A recent report in Science (Pruss et al.,
1996) and an accompanying Research
News article (Pennisi, 1996) brought
into focus the prospect of asymmetri-
cal binding of the globular domain of
linker histones HI and H5 (GH1 or
GH5) to the nucleosome. The nucleo-
some investigated was reconstituted on
a Xenopus 5S RNA gene sequence,
and GH5 bound to it significantly off
the dyad axis, partly inside the upper
gyre of the DNA, in interaction with
both the DNA and histone H2A. This
report followed a previous observation
from the same laboratory about an
asymmetrical protection of entering
and exiting DNAs upon digestion with
micrococcal nuclease, and echoed a
parallel study of the same nucleosome
through a different approach, which
also concluded with GH5 asymmetri-
cal binding (Hayes, 1996).
The appeal of such an asymmetrical

binding mode of the G-domain lies not
so much in its unlikeliness than in the
potential for the resulting HI-bound
particle to be more "open" (see below)
than otherwise implied by the common
notion that linker histones (LHs) "seal
the two turns" of the wrapped DNA by
interacting with both entering and ex-
iting DNAs at the dyad. In agreement
with this notion, the crystal structure of
GH5 and subsequent studies (Ra-
makrishnan et al., 1993; Goytisolo et
al., 1996) suggest the existence of at
least two DNA-binding sites in GH5 or
GH1. An article by van Holde and
co-workers in this issue (Ivanchenko et
al., 1996) still reinforces this view. In
this work, not only was the preferential
binding of HI and GH1 to supercoiled
DNA confirmed, but HI was also
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shown to constrain part of the super-
coiling when the protein was cross-
linked to the DNA before relaxation
with topoisomerase I. Moreover, the
data did not significantly depend on
the supercoiling polarity, pointing to
the existence of two (or more) du-
plexes in close proximity as being the
cause for the binding preference, rather
than the occurrence of potential cruci-
forms or other non-B DNA structures
in negatively supercoiled DNA.

Future mapping of GH5 in other nu-
cleosomes may eventually reveal that
the above asymmetry results from
DNA sequence specificity in GH5
binding. Some sequence specificity
does occur in the 5S nucleosome, be-
cause only one of the two structurally
equivalent binding sites (one in each
gyre) is occupied, which in turn raises
the possibility of cross-talk between
the two sites through GH5-induced
structural alteration. However, the pos-
sibility that sequence specificity alone
could have lured GH5 away from its
"normal" position at the dyad may ap-
pear remote in view of the existence of
a cavity on the histone octamer (Arents
et al., 1991), which could serve as a
proper GH5 harbor (Pruss et al., 1996).

Whatever the outcome to this di-
lemma, LHs will continue to function,
also through their two unstructured
tails. The HI and H5 N-terminal tail is
short, whereas the C-terminal tail, ap-
proximately half of the molecule, is
highly positively charged and mediates
compaction of the chromatin fiber. Re-
markably, this ability of the C-tail ap-
pears to be triggered at the single nu-
cleosome level, as shown by the
observation that this tail can bridge
nucleosome entering and exiting
DNAs together into a four-stranded
stemlike structure (Hamiche et al.,
1996b). Overall features of this stem
are not expected to depend much on
the exact placement of the G-domain,
although an asymmetrical placement
may perhaps drive the stem off the
particle dyad axis. Although such a
stem favors models for chromatin su-
perstructure in which straight linkers
project out from the particle (van Holde
and Zlatanova, 1996), it also comes as

the last step in the hierarchical folding of
DNA onto the nucleosome.

Perhaps next to naked DNA only,
the ultimate dynamic structure in chro-
matin appears to be the (H3-H4)2 tet-
ramer, which is wrapped with less than
a complete DNA superhelical turn and
shows a high degree of conformational
flexibility (Hamiche et al., 1996a).
Tetramer capping by H2A-H2B
dimers, while inhibiting this flexibility,
increases the wrapping to about 1.7
turns, but fails to induce a crossing of
the linker DNAs, which bend away
from each other because of electro-
static repulsion (Furrer et al., 1995;
Hamiche et al., 1996b). The LH G-
domain further increases the wrapping
to almost two turns, but only the C-tail
can suppress linker DNA repulsion and
bridge them together (see above). This
scheme suggests that, when required
for function, DNA could unfold from
the nucleosome through the same steps
in the reverse order. At the early step of
the unfolding process, the G-domain, if
asymmetrically located, could more eas-
ily remain in place upon displacement of
the tail (by chemical modification, me-
chanical constraints on the DNA, or
other mechanisms). In this way, the tail
alone could control access of the DNA at
the dyad to nonhistone proteins or other
trans-acting factors.
A correlative aspect of LH function

in chromatin concerns DNA topology.
A problem known as the "linking num-
ber (Lk) paradox" arose when the crys-
tal structure disclosed in 1977 revealed
a core particle wrapped with 1.75 turns
of a left-handed DNA superhelix, with
entering and exiting DNAs at right an-
gles to each other. The linker DNAs
were assumed to continue these trajec-
tories, so that the full-length nucleo-
some appeared as a two-turn particle
with two negative crossings of the
DNA. Such a particle should have re-
duced Lk by 2, and not 1, as observed
in the absence or presence of the LHs
(Klug and Lutter, 1981). The quest for
a solution to this paradox has stirred
some controversy (Morse and Simp-
son, 1988; White and Bauer, 1989;
Klug and Travers, 1989) before com-
ing to a seemingly happy end, at least
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in recent textbooks. But, as mentioned
above, DNAs in the entrance-exit re-
gion of the nucleosome do not con-
tinue the right-angle trajectories de-
fined in the core particle, and bend
away from each other before they
could cross. This leaves one negative
crossing and therefore no paradox in
the LH-free nucleosome. The paradox
would similarly no longer exist for the
LH-containing nucleosome if, as ap-
pears likely, the two duplexes in the
stem remain parallel and do not wind
around each other on going from one
nucleosome to the next along the chro-
matin fiber.
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Smooth and Skeletal Muscle
Single-Molecule Mechanical
Experiments
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An increasing number of laboratories
have now developed techniques for
measuring the mechanical properties
of single molecules (Finer et al., 1994;
Molloy et al., 1995; Saito et al., 1994;
Miyata et al., 1994). For studies on
actomyosin, the point of making such
measurements is that the force, move-
ment, and kinetics of a single cross-
bridge power stroke can be measured
directly. In this issue, Guilford et al.
have used an optical tweezers appara-
tus to measure the properties of single
myosin molecules obtained from dif-
ferent sources. They compare the prop-
erties of smooth muscle and skeletal
muscle myosins and address the ques-
tion: How does smooth muscle myosin
generate more force than skeletal mus-
cle myosin, both in muscle fibers and
in vitro?
The conclusions they draw from

their results are straightforward to
state, namely that a single molecule of
phosphorylated smooth muscle myosin
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(SMM) develops the same force as that
of skeletal muscle myosin (SkM) and
has the same working stroke, but has a
longer attached lifetime, resulting in a
greater fraction of "pulling" cross-
bridges. This finding is sufficient to
explain both the whole muscle and in
vitro motility observations, and sug-
gests another round of experiments to
answer more detailed questions about
the SMM cross-bridge cycle. Many in-
teresting follow-up questions immedi-
ately come to mind. For example, a
recent cryoelectron microscopy study
has shown that the tail of SMM, in
contrast with SkM, undergoes a 35-A
movement upon release ofADP (Whit-
taker et al., 1995). Can this recently
discovered motion be detected with the
aid of optical tweezers, and is there a
second phase of movement associated
with the release of phosphate? A quint-
essential property of smooth muscle is
its ability to maintain tension at a low
energy cost: What is the mechanical
nature of a cross-bridge in this so-
called latch state? SMM is directly reg-
ulated by phosphorylation: How, and
why, do small amounts of unphosphor-
ylated SMM slow down the motility of
other myosins when mixtures of both
types are combined and tested in vitro?
Further experiments and more detailed
analysis of data will be required to
answer these more subtle features of
SMM cross-bridge interactions.

Optical tweezer techniques are rela-
tively new. The limitations of the ap-
paratus are still being uncovered, and
ways of analyzing results are still be-
ing developed. Here Guilford et al.
present a novel approach to analyzing
single molecule mechanical data,
Mean-Variance Analysis, which is de-
rived from methods developed for
patch-clamp recordings of ion chan-
nels in membranes.

Guilford et al. use the "three-bead"
arrangement originally developed by
Finer et al. (1994) to bring an actin
filament into direct contact with a my-
osin molecule. This is the most com-
monly used method for making mea-
surements of single actomyosin
interactions, during which any individ-
ual myosin head remains attached to
the actin for a small fraction of the
overall time. An actin filament is sus-
pended between two beads, each held


