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Each chromatid is formed of many nucleosomes.  _ ... . .~ bnac,
Each nucleosome is formed of eight histones (histone wese 5yhistone protein

octomer or histone core) or two copies of each of H2A, H2A) ar g4 o
H2B, H3 and H4. M s (H2B,H3andH4

: . oct o sl
Around the histone octomer is wrapped 1.75 left — < 0 o2

. held wlos DNA o e L
handed turns of DNA (contains average 140 bp). histon s <1 us, nucleosome

Linker or spacer DNA (contains average 60 pb) connects PRmAN
the different nucleosomes like beads on a string. H1 linkeroielLctizsciiu
histones are connected to these linker DNA segments. e<ite?cbdicr<.i DNA

Linker histones such as H1 and its isoforms are involved 5‘“""‘"“’”'@’6”0(3?“?'
in chromatin compaction and sit at the base of the e ﬁ\"
nucleosome near the DNA entry and exit binding to the \
linker region of the DNA. >
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supercoilingcy oo re

* Supercoiling of DNA:

B Supercoiling of DNA is important for its packing
within the small nucleus. (in mammalian cells
approximately 2 m of linear DNA have to be
packed into a nucleus of roughly 10 um
diameter).

- 10 nm fibril \ . - . .
._iMDNAd&@iIThe first level of supercoiling (packing ratio of 10)

octomeravroctomeren - @around  histone octomer in the form of
wucmlinkerDNAow — nUcleosomes produces a ten fold shortening of

ePNAaF=290 the length of DNA to form the 10-nm fibril (10
=< nm in diameter)
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B The second level of supercoiling (packing ratio
of 50):

Requires the presence of H1, this leads to 50-fold
shortening of the DNA and it looks like a solenoid
(cylindrical coil), each turn contains 6 nucleosomes
that form the 30-nm fiber (30 nm in diameter).

O\WY&Q}U‘)\QAM 7b:oL/
B The third level of supercoiling (packing ratio of
8000):

Coiling of the 30nm fiber into twisted-looped structure
502 -~ attached to aprotein scaffold in the form of rosettes.
5 ”ﬁ Each rossette contains 6 loops.
(oK The rosettes are arranged in the form of a coil to form

each chromatid, each turn of the coil is composed of
about 30 rosettes.
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Replication ’

* Replication overview:

-Double—stranded DNA unwinds.

-The junction of the unwound molecules is a replication
fork.

-A new strand is synthesized according to base pairing
rule with the parent strand.

-Two molecules of DNA are synthesized (daughters),
each has one new and one old DNA strand.

-Replication is bidirectional: this means that the
replication forks move in both direction away from
the origin.

cysynthesis o~ ui s

scopping s DNA
JI transformation
daughtercell .8 DNA
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origin of replication

leading strand < > lagging strand  sLbgjpl=d

— Old strands
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***Replication

S [PWIN
* The synthesis of DNA. It is the copying and IM:
transformation of genetic information found in DNAto ~ »'Teplication
daughter cells. It occurs during the%phase of cell DNAy copping
SEVY
g lbhaltio) v 2 cycle. -~ . ’jp. Synthesis ofDNA S it o
licvo old s:;a"f;[; * DNA replication isSemiconservative:
. ”;f;:ﬁ Jdc- -During DNA replication the old strands separate from
Jewaradioes  each other, and every strand acts as a template for the
N+ ~eeted  formation of new complementary strand according to
,ﬂ fﬂiﬁi‘@‘“‘gj&'ﬂw the base —pairing rule.
-Semiconservative means that the newly formed two 1IN

daughters DNA contain one original old strand and one
newly formed complementary strand. This s
important to transfer genetic information in the
correct sequence.
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Steps of DNA replication:

. s Joo
* A-Separation of the two DNA » ,U’D‘J’” .,
- ad
esvetcn  Strands: 52 V> OlSia
e ched & CJ:QA U\;J\
< 0rigin ot~ Appid
*‘“’Cﬂ*ﬁgﬁ 1-DNA replication starts at a specific DNA
vy _sequence called the origin of replication. °
Y < _
VE;;;’I";;*; In prokaryotes it is single and termed ‘oriC. il 25 b s o, 1)
e ol While in eukaryotes there are“orlgms < o sz;":';’ﬁ;f
oD 1 i of replication that contain’ AT base pairs and fplecabon, )\ dac o QU
sl LoD s hase 5 ja_uzxfis(pjwp
se0e»  called autonomous  replication 7 atu e (R
= i) phose )) slo X
pokanyotics  sequences (ARS). e
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Ori (Origin of replication)
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e 2-A protein called dnaA protein recognizes the
origin of replication and separates the two DNA
strands at a very small region in origin of replication
site by ATP hydrolysis.(i.e. unwinding is initiated by
binding of dnaA to the origin of replication and this
allows L)helicase enzyme| to have access to DNA
strands.

M}( N ha= (2 osb M@d&@)@@j
g * |t is hypothesized that DNA stretching by DnaA bound

to the origin promotes strand separation which allows
more DnaA to bind to the unwound region.

Rz
1B halff“‘ » The DnaC helicase loader then interacts with the
0907»0‘7 DnaA bound to the single-stranded DNA to recruit
4uC M2#°  the DnaB helicase.
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Initiation of DNA Replication in Bacteria

DnaB: g DnaC:

c}A

ald W) e~
nackve  helicase

1elicase loader

e el

the

(DnaA) has bound to oriC,
combination of ssDNA and DnaA recruits a complex of two
proteins:

the DNA helicase (DnaB) and helicase loader (Dna().

After the initiator

Importantly, binding to the helicase loader/inactivates the

1 crmm 41 Gap2 2>
2./) ’ ) /1 Nl /o

DNA  helicase, preventing it from functioning at
inappropriate sites (non origin regions).
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Although the mechanism of loading is not
understood in detail, the process requires
the opening of the DNA helicase hexameric
ring to allow it to encircle the targeted
sSDNA
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Helicase recruits DNA primase to the origin DNA, resulting ...strandcsual o1
in the synthesis of an RNA primer on each strand of the
origin. In addition to generating the primers for the leading

DNA strands, this event also causes the release of the
nelicase loader and, therefore, the activation of the
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Initiation of DNA Replication in Bacteria

primase

77,




Initiation of DNA Replication in Bacteria
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3-DNA helicase (dnaB protein) enzyme
separates the double helix by breaking the
hydrogen bonds between the two DNA
strands using energy from ATP hydrolysis.

4-The 2 DNA strands are kept apart (unpaired)

by special proteins known_as single strand
DNA binding proteins ,2wWhich binds
tightly to each separated strands preventing

them from(rejoining) & protect the single
stranded DNA from nucleases that cleave it.
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5-Prepriming complex: formed from dnaA protein, dnaC
protein, SSB proteins, and DNA helicases. This complex
is responsible for{ replication initiation)and maintaining
the separation of the two DNA strands.

6-DNA Topoisomerases: are responsible for removing
sestrandsocke e sypercoils in the helix formed as the 2 strands are
dosiel i separated from each other ,this creates coils in front of
d“""""cﬁ""ﬁ_‘}"ﬁ"“"‘ the separated part (supercoils) which prevents further
esupercoling <. separation of the helix. Topoisomerases have both
”;’t';;fs:miz;'; nuclease (strand cutting) and ligase (strand resealing)
19 55 1 activities. Topoisomerases make transient cut (in the
supercoilsen  PhOsphodiester bond) in one strand (topoisomerase |)
i cifoswose e OF both stands (topoisomerase ).
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SIS RIS
topoisomeras 2

7-DNA gyrase, a Type Il topoisomerase found in bacteria DNA gyrase -~

and plants, has the unusual property of being able to L
introduce negative supercoils into relaxed circular DNA <Vl iy
using energy from the hydrolysis of ATP. This facilitates ISP I= PP
the future replication of DNA because the negative OB
supercoils neutralize the positive supercoils introduced

. . . . supercoilds
during opening of the double helix. It also aids in the P
transient  strand  separation required during
transcription.
‘ ‘

8-Now each relaxed single strand acts as a template to
direct the synthesis of a new daughter DNA strand.
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+*»*Clinical significance: e césStopoisomerase:
* Quinolones antimicrobial drugs e.g. nalidixic W‘@j‘“c‘ﬁ“‘”fection
- - 51 onc . M e c}wLé;)":
acid (Negram) act by inhibiting bacterial f:),mhibition

gyrase preventing bacterial replication and suduitopoisomerase:

. e ) 5 2. L@l ad) el
transcription. At
e L osreplication

* Anticancer agents, such as etoposide, target ~-vcisoct wociayue
o~ b 4,10, human topoisomerase |1,
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