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To be folded fuﬁ?ﬁlﬂtﬁ% rem&@fTing negative charges are
neutral fﬁlct@ mcIuding linker histones,

catigh§ and oﬂa@f@osmvely charged molecules.

Thus, the chromatin structure can be dynamically changed
depending on the electrostatic state of its environment.
This change in chromatin structure is critical for gene
expression because it directly governs access to the DNA.

In eukaryotic nucleus, the chromatin resembles a
disordered assembly of 10-nm fibers.

Thus, the basic structure of the chromosome is a liquid-like
compact aggregation of 10-nm.



* Because chromatin is composed of an irregular

and dynamic 10-nm fiber and ng'é& not have a
: GV -

crystal-like long-ra %Q@a@, chromatin in the cell
is conside\rﬁq(’djﬁl‘n -g*e_,’?r%ther than static solid-
Iik@:@b’s‘.?angfa%ﬁis liquid can take various
structures including extended, folded, interdigi-
tated, bent, looped and columnar structures.

* -The tail domains of histones H3 and H4 play
crucial roles in forming these various structures .



o\°
» Facultatiyg h@%l@bﬁg’tin is euchromatin

2
thi’c‘ﬁ/\fl\l adzﬁﬁ\eterochromatic properties in

a developmentally controlled manner,
suggesting temporal silencing of regions

of the genome.
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v ThB'75-40P4Rino acid N-terminal domains of
the core histones are highly conserved.

v They are mobile and flexible extending out of
the nucleosome core in a manner that frees
them for other interactions.
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CENP-A assembles into centromeres in the
absence of DNA replication and d g replace H3 in
the nucleosome in V|t{gsa\€ cO

H2A.Z hist r{e ’bﬁlﬂ%ghot found in cells of
twepn‘fh\le\r cqila@@sfg’a%ut accumulates as the cells
differentiate, being enriched in pericentric
heterochromatin.

—In euchromatin areas, H3 and H2A are replaced
oy H3.3 and H2AZ variants respectively.

H2AX- represents 2—-25% of H2A in a cell and is
ohosphorylated on serine-139 at the site of
double-strand DNA breaks. H2AX foci suggest a
mechanism for DNA damage detection and
repair.
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*Histone modifications

a\e-C
NOte>
_All the hi\set@rie@%}-gAmdiﬁ%d by covalently

Iin\?ﬁ?g\'ext@a%%ieties to the free groups of

certain amino acids.
-Modification sites are concentrated in the

N-terminal tails but can also occur at the C
terminal tail.

-The modifications have important effects on
the structure of chromatin and in controlling
gene expression.



Lysine and serine are targets for modification
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B-N-acetylglucosamine
e.CO: M
1e50C
- Many non h|s mﬁ(ﬁ%\te ’&E’&E}egulated via
mo Q%, rﬁs@rme and threonine side chains
wit smgle BRI etylglucosamine (O-GIcNAc) sugar
residues.

-Such reactions occurs in histones also. In mammalian cells,
there appears to be only a single enzyme, O-GlcNAc
transferase, which catalyses the transfer of the sugar
from the donor substrate, UDP-GIcNACc, to the target
protein.

- Histones H2A, H2B and H4 have been shown to
be modified by O-GIcNAc



eNon histone proteins assouated with
DNA in euka 5é@(\)@tm()r\“hcleus

-In addition t qtdm'@ ;% Sl@ﬁes the DNA scafford
CO@t(aaaN‘s?ev r@@m eins: large amounts of
histone HI (located in the interior of the fiber)
and topoisomerase |l
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-Structural \N\m@f@\% neg 13‘%’ chromosome (SMC)
\© e
prgteits. pad
-The primary structure of SMC proteins consists of
five distinct domain (see fig below (a)).

-The amino- and carboxyl-terminal globular
domains, N and C, each of which contains part of
an ATP-hydrolytic site are connected by two
regions of a-helical coiled-coil motifs that are

joined by a hinge domain.



-The shape of the nucleosome shape is like a
flat disk or cylinder, of a@‘n,m-\é}?ameter and a

: O{@S
height ?f 6 ?(%N £ 139
The {g@ﬂﬁ’/\g‘gg@e DAR is roughly twice the ~34
nm circumference of the particle. The DNA
follows a symmetrical path around the

octamer. The DNA makes two turns around the
cylindrical octamer where it "enters" and

"leaves" the nucleosome at points close to one
another, the point where histone H1 is
located .
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- The Iadc{ Ns@ﬁ‘%tﬁ&% groups of
nu‘?l@'sorr@@.g%his shows that in chromatin,
DNA is coiled in arrays of nucleosomes.

- When nucleosomes are fractionated on a
sucrose gradient, they give a series of discrete

peaks that correspond to monomers, dimers,
trimers, tetramers etc.



Notesa\e'
->95% of{cé\ﬁ pRA" &cd;fr&ﬁ%tin can be
re@hered e form of the 200 bp ladder.
Suggesting that almost all DNA is organized in

nucleosomes.
-In their natural state, nucleosomes are closely

packed, with DNA passing directly from one to
the next. Free DNA is probably generated by
the loss of some histone octamers during
isolation.



oresor”
-The aver_{aéﬁ ﬁ@%@c@?&%r the nucleosome is
10ﬂ‘f3}5p/t9raﬂgeand for DNA in solution is 10.5

bp/turn.

-The crystal structure of the core particle suggests
that DNA is organized as a flat superhelix, with
1.65 turns wound around the histone octamer.

-Regions of high curvature occur at positions + 1
and + 4; corresponding to S6 and S8, and to S3
and S11, which are the sites least sensitive to
DNAase | .



Nucleosomal DNA has two turns

Side view lopveye cO oK

ores?
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Two numbering
schemes divide core
particle DNA into 10
bp segments. Sites
may be numbered S1
to S13 from one end;
or taking S7 to identify
coordinate O of the
dyad symmetry, they
may be numbered -7
to +7.

lllustration of nucleosomal positions relative to the DNA superhelix
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-Using the nucleosomal digest, each eukaryotic
chromosome contains m:&@y\)\ﬁeplicons. The
: : S@ée' :
incorporation ofH®<&t _the centromeres is

N 5
inhibite@,\.\aﬂ@(elE{/\bPe&}%otein is incorporated
: \J\ : : : o
in W&er é’@l@aefyotlc cells (in Drosophila Cid is
used while in the yeast Csedp is used). This
occurs by the replication-independent
assembly pathway because the replication-
coupled pathway is inhibited for a brief period

of time while centromeric DNA replicates
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-Assemblkle'@iﬂi@gke&\@héﬁ?he tetramers bind
to B&EH ofith®daughter duplexes assisted by
CAF-1 (an assessory protein). This is followed
by binding of the two dimers (H2A-H2) to each
tetramer to complete the histone octamer.
Thus, the assembly of tetramers and dimers is
random with respect to "old" and "new"
subunits.



-Thus, the deposition of histone C\Etamers on
DNA is intrinsic. Itis deg@gm%\e)d by structural
. eS! .
features in (Ig(-\-\é&ﬂ%n‘skcﬁly resulting from the
int\g(@qi\%\ﬂsa%fed!ﬂér proteins with the DNA
and/or his\?ones.

e Structural features of DNA affect placement of
histone octamers. These include:

a). A-T-rich regions are arranged in such a way
that the minor groove faces in towards the
octamer.
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-The Iocathﬁ ’qﬂm\lfgmsﬁﬁt} cleosomes can be
denaRtSe dmﬂﬁo ways:

a). translational positioning- describes the
location of a histone octamer at successive

turns of the double helix, which determines
which sequences are located in linker

Regions.
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-It describes the linear positi%%gj\@NA relative
to the histone oct Mi<placement
taResDisp

of the D%@ﬁ‘ﬂgﬂtig@lﬁﬁr%g%s the sequences that
ar@iy the Rste exposed linker regions, but
does not alter the face of DNA that is

protected by the histone surface and which is
exposed to the exterior.



o’ﬁesae
-In partlcuIQ@ @gﬂ@jﬁ%’g’ which sequences are
found iR theﬂﬁﬂer regions. Shifting the DNA by
10 bp brings the next turn into a linker region.
Thus, translational positioning determines
which regions are more accessible ( e.g to the
micrococcal nuclease).
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