HIH RELAIS Document Delivery

NIH-10181510
LELIBA
NIH -- W1 NAB39P

o LEUBA
PMB,LRBGE ,HNCI ,NIH,41 Library DR RM B507
Bethesda, MD 20892-5055

ATTH: SUBMITTED: 2002-04-11 11:47:07
PHOWE: 301-495-7528 PRINTED: 2002-04-12 15:46:40
Fax: - REQUEST MNO.:NIH-10151510

E-MAIL: SENT WIA: LOAN DOC

B561145

NTH Fiche to Paper Journal
TITLE: HATURE STRUCTURAL BIOLOGY

PUBLISHER-FPLACE : Mature Publishing Company HNew York bhy
VOLUME-ISSUE-PAGES: 1994 Now;1(11):761-3 761-3

DATE: 1994

AUTHOR OF ARTICLE: ¥ang ; Leuba 3H: Bustamante C; Zlatanowva J: wan Holde E
TITLE OF ARTICLE: Eole of linker histones in extended chromatin fibr

IZSH: 1072-83683

OTHER HOS-LETTERS: Library reports holding volume or yvear

9421566
7634084
SOURCE : PubMed
CALL HIIMBER: W1l HNAS3I9P
REEQUESTER INFO: LEUBA
DELIVERY : E-mail: leuba@nih.gov
REPLY: Mail:

NOTICE: THIS MATERIAL MAY BE PROTECTED BY COPYRIGHT Law (TITLE 17, U.S.
CODE)

----Haticnal-Institutes-of-Health,-Bethesda,-MD------——----------"--------————



ithetases have 4
alent fold for
ins 15 of greay
lutionary poing
[ synthetases-
pread, dinucle-
mann) fold for
in, class I syn.
to appeared g
ique ATP-bing.
om the possible
thetase, as men.
atalytic domaing
nthetases indeed
estor (although
1 cannot be ex-
the speculation
ncestor was an
 that could acti-
Specialization to
strates and the
NA binding and
y would have led
mthetase. More

recognition
y for the anti-
een added later
\ more structur-
st Class II syn-
talytic domain,

evolution of

1thetases is con-
s views (for ex-
1t begs the ques-
proteins before
nthetases, how
made?

tstation
gevin, 156X
lex, France

EBS Letts. 303, 48-

2y, H.M.. Kumar, K.,
EBS Letts. 324, 15~

33, 598-599 (1988)
ssmann, M.G., Meth
1985).

.J. molec. Biol. 212,

rystallogr. 24, 946- |

“R., Moras, D. &
Acad. Sci. U.S.A. 90,

vie 75, 1077-1081

november 1994

correspondence

Role of linker histones in extended
chromatin fibre structure

Modelling and scanning force microscopy studies provide insight into the
organisation of chromatin fibres

Sir — For nearly two decades, the
three-dimensional structure of the
chromatin fibre has been the subject
of both extensive experimentation
and speculation'. Perhaps most in-
teresting to molecular biologists is
the extended conformation of the fi-
bre that is presumed to exist in tran-
scribed regions. Structures with an
extended conformation can be ob-
tained under low salt conditions in
vitro, and the fibre is especially ex-
tended in the absence of the lysine-
rich ‘linker’ histones—H1, H5, H1",
etc. as shown by electron microscopy
studies (for example refs 2, 3)

To analyze the role of the lysine-
rich histones and other determinants
of the extended chromatin fibre
structure, we have used atomic force
microscopy (SFM)*, also known as
atomic force microscopy (SFM) and

molecular modelling. In the last
three years, several groups have
shown that SFM can be a powerful
tool of structural analysis of biologi-
cal materials under conditions that
largely preserve their integrity (for
reviews, see refs 5, 6). In particular,
several SFM studies of chromatin fi-
bres have appeared recently’".

The histone octamer in itself is
capable of wrapping 146 bp of DNA
in approximately 1.75 left-handed
superhelical turns; the lysine-rich
histone, when present, appears to
interact with an additional 20 bp of
DNA" It has been suggested by many
researchers that the role of the lysine-
rich histones is to bind to the DNA
entering and exiting the nucleo-
somes (see, for example, refs 3, 11).
Support for the idea that H1 inter-
acts with the DNA cross-over at the

nucleosome has come from studies
of binding to superhelical DNA'>"
and to synthetic four-way junc-
tions",

The structure of the chromatin
fibre is likely to be determined, in
part, by the linker histones which
may fix the angle between successive
linkers and determine the length of
the DNA wrapped around the
octamer. Excluded volume effects,
the torsional and bending rigidity of
the linker DNA expected at low ionic
strengths, and the fact that the DNA
cannot rotate freely on the surface of
the octamer due to restricted surface
interactions between the octamer
and its associated core-particle
DNA'®, should also impose addi-
tional restrictions on the position
and relative orientation of adjacent
nucleosomes in the fibre*'”. Under

Fig. 1 Simulated and experimental SFM images of native chromatin fibres. a, The computer-generated image of a mode|
chromatin fibre. The nucleosome core is modelled as a disc of 5.5 nm high and 11 nm in diameter, which includes 1.75 turns of
DNA wrapped around a histone actamer in a left-handed fashion with a pitch of 28.6 A. The exit angle of the DNA is determined
by the tangent at the point it leaves the nucleosome. The linker DNA is assumed to be straight between nucleosomes. The
length of the linker DNA varies between 51 and 73 bp, which is determined using a uniform deviate random-number algorithm.
The volume exclusion effects are taken into account by assuming a spherical hard-core potential with a radius of 10.2 nm
around each nucleosome. A smaller potential sphere leads to non-fibre-like structures. A helical repeat length of 10.15 bp
perturn is used for the DNA wrapped around the histone octamer, whereas 10.40 bp per turn is used for the linker. To generate
the image, each nucleosome in the mode! fibre is projected onto a plane without changing its orientation. The plane is chosen
such that the sum of its distances to all the nucleosomes in the fibre is a minimum. b, Simulated SFM image of the model
chromatin fibre in 'a’. To simulate the imaging process in SFM, the model was scanned and partially flattened by a parabolic tip
with a radius of curvature of 10 nm. ¢, Experimental SFM image of a glutaraldehyde-fixed chromatin fibre deposited on mica in
5 mM TEA-HC|, pH 7.0 The measured height of the nucleosomes is around 3 nm, which determines the degree of flattening
for the model fibre in b. All images are 250 nm x 250 nm in size.
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these constraints, a regular linker
length will prescribe a well defined
helical structure'”!*. However, link-
ers are rarely uniform, even locally,
therefore most chromatin should
adopt irregular, distorted helical
structures at low ionic strength®>!7.

The kind of structures obtained
by computer modelling based on the
above-mentioned constraints and
variable-length linkers are shown in
Fig. 1a. Even a narrow distribution
of linker lengths leads to irregular
structures (not shown); increasing
the breadth of the distribution to
values closer to those measured ex-
perimentally (for example, ref, 19)
enhances the irregularity and pro-
duces more compact structures (Fig.
la).

Fig. 1b depicts a simulated SFM
image corresponding to the fibre in
Fig. 1a. This image is to be com-
pared with experimental images
obtained in tapping-mode SFM
studies of fixed chicken erythrocyte
chromatin (Fig. 1¢). As described in
detail elsewhere®, the SEM experi-
ments demonstrate that at low ionic
strength, chromatin fibres do not
exist as extended beads-on-a-string,
nor as flattened zig-zags, but as
three-dimensional, irregular helices.

What happens if the lysine-rich
histones are removed? According to
the assumption that the linker his-

tones fix the DNA entry/exit angle
(6), removal of these histones should
relax the constraints on 0 and change
the wrapping of the DNA about the
histone core. With 1.75 turns, 6 has
the value of 90". An angle of 180
would result from either one or two
complete turns around the octamer:
relaxing to one turn would lead to
an increase in linker length of about
60 bp over that found for 1.75 turns,
whereas formation of two complete
turns would lead to a decrease of
about 20 bp in linker length.

The computer modelling of H1-
depleted fibres assumes that on re-
moval of this histone, the DNA
wrapped around the octamer can
vary continuously between the ex-
tremes of one and two turns. Two
turns is probably the longest DNA
stretch that can contact the helical
ramp of the histone octamer,
whereas one turn would be expected
if binding to H2A and H2B is weaker
than binding to the (H3.H4), tet-
ramer'®, The structure predicted on
the basis of this assumption is illus-
trated by a computer-generated
model of an H1-depleted chromatin
fibre (Fig. 2a) and its simulated SFM
image (Fig. 2b). For comparison, Fig.
2¢ shows experimental SFM images
of chicken erythrocyte chromatin,
depleted of histones H1 and H5 by a

method expected to produce negli- .

gible nucleosome sliding®. Both the
simulated and the experimental SFM
image exhibit the typical ‘beads-on-
a-string’ structure characteristic of
stripped chromatin'-.

The distribution of
internucleosome (centre-to-centre)
distances has been used to quantita-
tively estimate the length of DNA
wrapped around the histone core in
the absence of the linker histones for
both the model and the experimen-
tal data. The insets in Figs 2b and 2¢
show a remarkable similarity be-
tween the distributions in the mode]
(mean 26.4 nm) and the experimen-
tal data (mean 31.4 nm). Compared
with the mean value of ~22 nm char-
acteristic of native chicken erythro-
cyte chromatin (62 bp linkers), these
results indicate that H1 removal
leads to a release of the DNA from
the histone cores and the formation
of longer length linkers. There is no
evidence for closer packing of nu-
cleosomes, as would be expected if
two turns are occupied on successive
nucleosomes, or if extensive nucleo-
somal sliding occurred. The data
support the idea that the linker his-
tones fix the entry-exit angle of the
DNA at the nucleosome and indicate
that, in the absence of linker his-
tones, as much as one turn of DNA
can unwrap from the octamer.

These results show that at low

Fig. 2 SFM images of linker histone-depleted chromatin fibres. a, A computer-generated model of a linker histone-
depleted chromatin fibre. The simulation is the same as in Fig. 1, except that the number of turns of DNA around the octamer
is allowed to vary randomly between 1 and 2. b, Simulated SFM image of the fibre in 4 after it has been scanned and partially
flattened by a parabolic tip with a radius of curvature of 10 nm. ¢, Experimental SFM image of a glutaraldehyde-fixed, H1/H5
depleted chromatin fibre deposited on mica in 5 mM TEA-HCI, pH 7.0%. All images are 400 nm x 400 nm in size. The insets show
the distributions of centre-to-centre distances of adjacent nucleosomes along the DNA path for the kinds of fibres as shown in
b and ¢, respectively. About 700 measurements were made for each histogram. The maxima of the distributions are similar (23
nm for the calculated and 25 nm for the experimental data). Comparing with the experimental data, the simulated fibres have
a shorter mean internucleosome distance. This is probably a result of the simple pgojection method used here to simulate the
deposition of the chromatin fibres onto the mica surface. The mean inter-nucleosome distance of the model fibres before their
projection onto the plane (29.9 nm) is very close to the experimental result.
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ionic strengths chromatin fibres ex-
ist as irregular, three-dimensional
structures. These structures are de-
termined by the natural variability
in linker lengths, a number of con-
formational constraints in the DNA,
and the presence of histone HI. Re-
moval of one or more of these con-
straints leads to significant structural
transitions in the fibre. H1-depletion
changes the fibre from an irregular
three-dimensional helix to a com-
pletely extended ‘beads-on-a-string’
structure. Similarly, factors that re-
duce the nucleosome-nucleosome
repulsion and/or the stiffness of the
linker DNA will lead to increasingly
compacted structures.

In vivo, the transition into ex-
tended structures may occur in tran-
scriptionally-active chromatin fibres
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