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_ecture 8 Learning Outcomes:

1. Explain how eukaryotic DNA is condensed in nucleosomes and

relate this to the structure of chromosomes. (LO.1)

Describe the process and role of DNA replication. (LO.2)

3. Explain the role of DNA polymerase and other enzymes in DNA
replication. (LO.3)

4. Show an appreciation of the vast amount of DNA present in a cell
and explain how even single base changes in this vast amount of
DNA can cause disease. (LO.4)

5. Describe the process and the role of the cell cycle. (LO.5)
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DNA Condensation LO.1

Q: Why DNA needs to be condensed?

(A3
A cell's genetic information, in the form of

DNA, is stored inthe nucleus.

The space inside the nucleus is limited and has to
contain billions of nucleotides that compose the

cell's DNA.
Therefore, the DNA has to be highly packaged or
condensed.
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The basic units of eukaryotic chromosome

structure: (LO. 1)
The proteins that bind to the DNA to form
eukaryotic chromosomes are traditionally
divided into two general classes:

/\ Histones

Non-histone chromosomal
proteins ??
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DNA Condensation LO.1

The DNA coils around histones, forming a beads-on-
a-string-like structure.

The bead part is called a nucleosome ; composed of
eight histone proteins (a pair of each of four
types).

A fifth type of histone
protein anchors
nucleosomes to short
“linker” regions of DNA.

Q/what can the negative
charge that coated the

surface of DNA helix

facilitate?

nucleosome “bead” nl -
DNA + 8 histone proteins ‘s,,,;
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DNA coiling to visible structure of the chromosome -©-!

Primary coiling: DNA double helix

Secondary coiling: (wrapped around histones)--- nucleosomes
Tertiary coiling: Nucleosomes can also tightly pack into solenoid
structures, forming 30 nm fibers (chromatin fibers).

. Chromatin fibers form long loop on non-histone proteins.

. Tighter coils.
. Chromosome.
nucleosomes

Chromosome

chromatin
Histones
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The structure of chromosome

Chromosome:

-A compact structure of nucleic
acid and protein found in the
nucleus of most living cells,
carrying genetic information in
the form of genes.

-Chromosomes are observable
during M-phase or nuclear
division.
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LO. 1

Condensed
Chromosome
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LO. 2

DNA replication is a biological process that occurs in all living
organisms and copies their DNA, it is the basis for biological
inheritance.

The process starts when one double-stranded DNA molecule
produces two identical copies.

M phase
@DNA replication occurs G2 phase
during (S phase) of the cell
cycle
S phase

Quiescence
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LO. 2

DNA Replication

In a cell in which DNA synthesis
(DNA Replication) has occurred all sister chromatids
the chromosomes are duplicated
and thus each consists of two
identical sister chromatids.

) replcation cenfromere

—

Re.member DNA
Replication occurred chromosome dhisin

before mitosis

duplicated
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DNA replication
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LO. 2

Semiconservative replication would produce two copies
that each contained one of the original strands and one
new strand .

DD - ==

Semi-conservative
Replication
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DNA replication LO. 2

Replication begins at specific sites on DNA molecule called
"origins of replication

*Origins are specific sequence of bases
mammalian DNA have many origins

Parental (template) strand

Origin of replication Daughter (new) strand

//—0_\_
= e—— N e
Bubble l Replication fork

e~ —_— —_— e

Two daughter DNA molecules ) -
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DNA replication LO. 2

The replication fork :is a structure that forms within the nucleus
during DNA replication. It is created by helicases, which break

the hydrogen bonds

Origin of replication

Bubble

Replication bubbles allow
DNA replicationto speed up
therefore the untwisted
DNA would not be attacked
by enzymes while replicating

holding the two DNA strands together.
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ication LO. 2&3
1. The helicase unwinds the double-stranded DNA for replication, making a forked
structure.

2. The primase generates short strands of RNA that bind to the single-

stranded DNA to initiate DNA synthesis by the DNApolymerase.

3. DNA polymerase Ill can work only in the 5' to 3' direction, so it replicates the
leading strand continuously. Lagging-strand replication is discontinuous, with short
Okazaki fragments being formed and later linked together.

Leading strand

DNA polymerase

——

Helicase

Primase

Lagging strand

Leading strand : new strand DNA that synthesized continuously
Lagging strand : new strand DNA that synthesized dis-continuously
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DNA replication Okazaki fragments LO. 2

DNA replication forks are 1..\/
asymmetrical because both of ‘/_ |

the new strands are synthesized ° | N

in the 5’-to-3’ direction ; N -/3 :
The lagging strand of DNA must N

be made initially as a series of

short DNA strands that are later
joined together.

To synthesize the lagging strand, , lagqingstrand template

leading-strand template of right-hand fork
DNA polymerase must eadingstand ;

“backstitch” \ e g J,

Backstitch: synthesizes short _ O
ieces of DNA (called Okazaki L oty N ,
ragments) in the 5’-to-3’ -

direction of fork movement

s
=

7 synthesized DNA ™.

direction, and then must move 7 \ ff’ 5

in the opposite direction alon ~

the template strand (toward the / Sou \

fork)fbe ore synthesizing the I —

next rragment. leading-strand template gy
ext rragment of left-hand fork ogtrandiok PR, é
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DNA polymerase and other important enzymes participating in DNA LO.3
Replication
Function in DNA replication
Enzyme
DNA Also known as helix destabilizing enzyme. Unwinds the DNA

Helicase double helix at the Replication Fork.

DNA Builds a new duplex DNA strand by adding nucleotides in the &'
Polymeras | to 3' direction. Also performs proof-reading and error
e correction.

Single-
Strand Bind to ssDNA and prevent the DNA double helix from re-

Binding annealing after DNA helicase unwinds it thus maintaining the
(SSB) strand separation.

Proteins

Topoisome
rase

Relaxes the DNA from its super-coiled nature.

NA Re-anneals the semi-conservative strands and joins Okazaki
Ligase Fragments of the lagging strand.

Provides a starting point of RNA (or DNA) for DNA polymerase

Primase to begin synthesis of the new DNA strand.
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LO.3
DNA polymerase il
on leading strand
' Leading strand ’
/I \ ( \‘{"\ ./— Topoisomerase
Lo | \ ' ' : 'V <2 ]
J ‘ | a—
' Leading-strand A 7, > 3
template Helicase | .‘ A ’ | ?
( | |
RNA primase &1 | . ’\ . \ |
Lagoing-sirand PRVA oo /4 .j:} \ Parent DNA ’
template l \ L 7 Single-stranded-
o | N || L. = DNA-binding
l | . S33PS proteins ¢.@
! I | b @ Topoisomerase
: , . @ DNA (swivel)
I Primosome _@@@ helicase
Okazaki O
fragment P
DNA polymerase i /
on lagging strand =
Single-stranded DNA
] — y binding protein (SSB)
; % Copyright © 2009 Poarsan Educaton, b
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DNA polymerase and other important enzymes
participating in DNA Replication 103
Three DNA polymerases (I, I, and Ill) have been purified
from E. coli.

- DNA Polymerase I: Fill the gaps between Okazaki
fragments.

- DNA polymerase ll: functioning in the DNArepair.

- DNA polymerase lll: catalyzes chain elongation at the
growing fork in leading and lagging strands.

@ The rate nucleotide additions in
mammals add about 50 bases/second
while in bacteria add about 500 |
bases/second. 48
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LO.2&3

3’
B} Helicase binds to origin

and separates strands. KTl
5’

grabidatdt bt LA LLL L L L L L L L]

F-A Binding proteins keep
strands apart. 2

) Primase makes a short » ' g
stretch of RNA on the El
DNA template.

I3 DNA polymerase adds DNA 4 N ™

nucleotides to the RNA primer. B

Overall direction of replication
5'

=
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5l DNA polymerase proofreading
activity checks and replaces
incorrect bases.
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L0.2&3
6

) continuous strand
synthesis continues in a
5" 1o 3" direction.

EI'
EI'
5-"
3-"
Discontinuous synthesis

produces Okazaki fragments
on the 5" to 2" template.

EII'
3-"

Er — = ‘
EJ Enzymes HEENEN
remove RMNA

primers. Ligase seals =
sugar-phosphate backbone. 9
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First round
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_ LO. 4
Amount of DNA present in a cell

In eukaryotes, each chromosome contains one
continuous, linear DNA helix. The DNA of the longest
human chromosome is 7 cm in length.

In fact, if the DNA from all 46 chromosomes in a diploid
human cell were placed end to end, our total DNA
would span a distance of about 2 m (6 ft.). Our total
DNA contains about 6 x10° base pairs.
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LO. 4
How even single base changes in DNA can cause disease

Melanomas develop from

exposure of the skin to the UV s il -
N’ s

rays of the sun.

O
H_LI\ e OO
The UV radiation causes “ < x”‘<} B

pyrimidine dimers to form in Thymine CH:
DNA. Mutations may result from dimer n—I

non-repair of the dimers that GZ‘( , {
produce melanomas,
appearing as dark brown growths
on the skin. /—C q
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Malignant

A. Asymmetry

B. Border Even eges l Uneven Edges

C. Color One Shade Two ofr more shades

A ks = - - - : , %
D. Diameter Smaller than Gmm Larger than 6mm » 2
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LO. 4
Substitution: For example, sickle-cell disease
IS caused by a mutation of a single base pair
in the gene that codes for one of the
polypeptides of hemoglobin.

— A change in a T to A (substitution) in the DNA
template leads to an abnormal protein.

Wild-type h globin DNA Mutant he lobin DNA
37 5 3 57
= E”J)L";I T 9@ ]

57 3 5 3

Normal hemoglobin Sickle-cell hemoglobin

H o H — HERZTEE
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Effect of Base-Pair substitution LO. 4

unglnal ‘m m‘ abase
base triplet substitution
strand tnplet (red)

enzymes detect the mistake and
make a substitution for it

POSSIELE OUTCOMES:

As DNA is replicated, proofreading l

A7}

One DNA molecule The other DNA

cames the ﬂﬁﬂiﬂﬂ], molecule cames

unmutated sequence d gene mutation it" 55
¥ s
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The cell cycle LO.5

The cell cycle or cell-division cycle is the
series of events that take place in a cell leading
to its division and duplication of its DNA (DNA
replication) to produce two daughter cells.
Phases of cell cycle:-

1- Interphase _ G1(Gapl), S (Synthesis) and G2.
2- Mitosis.
3- Cytokinesis.

« N

A human has 46 chromosomes (2n = 46) Iin
diploid cells that involving all somatic cells,
and 23 chromosome in haploid cell that

Involving the gametes (egg and sperm). y e

0

M‘f’;r


https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/DNA_replication

UNIVERSITY OF BASRAH

AL-ZAHRAA MEDICAL COLLEGE Ministry of higher Education

and $Scientific Research

LO.5
. Th_e cell cycle 1 the cell
A prepares for
DNA replication
(growth & metabolism)
" double check [6-12 h.]
the duplicated
chromosomes P ain.
for error for % , S: DNA replication
repairs ~ [6-8h.]
G2: the cell

1 T S

Each of 46
. chromosomes /
0 is duplicated

prepares for
cell division
[3-4 h.]

Cellular contents,
excluding

chromosomes, are
duplicated

“ 3) M: cell division
GO & (mitosis) [1 h.]

& G e Cell cycle arrest
~linica 00ls, Inc —
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