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1. Explain how eukaryotic DNA is condensed in nucleosomes and 

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

2. 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)

Lecture 8 Learning Outcomes:
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LO.1DNA Condensation

A cell's genetic information, in the form of 
DNA, is stored in the  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:

The proteins that bind to the DNA to form 
eukaryotic chromosomes are traditionally 
divided into two general classes:

Histones

Non-histone chromosomal 
proteins ??

(LO. 1) 
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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).

DNA Condensation LO.1

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?
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DNA coiling to visible structure of the chromosome LO. 1

1. Primary coiling: DNA double helix
2. Secondary coiling: (wrapped around histones)--- nucleosomes
3. Tertiary coiling: Nucleosomes can also tightly pack into solenoid 

structures, forming 30 nm fibers (chromatin fibers).
4. Chromatin fibers form long loop on non-histone proteins.
5. Tighter coils.
6. Chromosome.       

nucleosomes

chromatin
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LO. 1The 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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DNA replication is a biological process that occurs  in all living 
organisms and copies their DNA, it is the  basis for biological 
inheritance.

DNA replication LO. 2 

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

☺DNA replication occurs 

during (S phase) of the cell  

cycle

http://en.wikipedia.org/wiki/Heredity
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In a cell in which DNA synthesis 
(DNA Replication) has occurred all
the  chromosomes are duplicated 
and thus each consists of two 
identical  sister chromatids.

DNA Replication
LO. 2 

☺Remember DNA

Replication  occurred 

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

DNA replication
LO. 2 
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Replication begins at specific sites on DNA molecule called
"origins of replication

•origins are specific sequence of bases
•mammalian DNA have many origins

DNA replication LO. 2

http://course1.winona.edu/sberg/ILLUST/origin.gif
http://course1.winona.edu/sberg/ILLUST/fig1610.gif
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The replication fork :is a structure that forms within  the nucleus 
during DNA replication. It is created  by helicases, which break 
the hydrogen bonds  holding the two DNA strands together.

DNA replication LO. 2 
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DNA replication
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 III 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.

LO. 2&3 

Leading strand : new strand DNA that synthesized continuously
Lagging strand : new strand DNA that synthesized dis-continuously
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DNA replication forks are 
asymmetrical because both of 
the new strands are synthesized 
in the 5’-to-3’ direction

The lagging strand of DNA must 
be made initially as a series of 
short DNA strands that are later 
joined together.

To synthesize the lagging strand, 
DNA polymerase must 
“backstitch”

Backstitch: synthesizes short 
pieces of DNA (called Okazaki 
fragments) in the 5’-to-3’ 
direction, and then must move 
in the opposite direction along 
the template strand (toward the 
fork) before synthesizing the 
next fragment.

LO. 2 DNA replication
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DNA polymerase and other important enzymes participating in DNA

Replication
LO.3
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LO.3 
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DNA polymerase and other important enzymes 

participating in DNA Replication

Three DNA polymerases (I, II, and III) have been purified
from E. coli.

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

- DNA polymerase II: functioning in the DNA repair.

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

LO.3

☺ The rate nucleotide additions in
mammals add about 50  bases/second 

while in bacteria add about 500
bases/second.

http://www.ncbi.nlm.nih.gov/books/n/mcb/A7315/def-item/A7455/
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LO.2&3
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LO.2&3
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LO.2&3
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You are going to find details of DNA 
replication in this video :
https://www.youtube.com/watch?v=TEQM
eP9GG6M

https://www.youtube.com/watch?v=TEQMeP9GG6M
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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 x10⁹ base pairs. 

Amount of DNA present in a cell 
LO. 4
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Melanomas develop from 
exposure of the skin to the UV 

rays of the sun. 

The UV radiation causes 
pyrimidine dimers to form in 

DNA. Mutations may result from 
non-repair of the dimers that 

produce melanomas, 

appearing as dark brown growths 
on the skin.

LO. 4

How even single base changes in DNA can cause disease
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LO. 4
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Effect of Base-Pair substitution LO. 4



12

Ministry of higher Education                                     
and Scientific Research

U N I V E R S I T Y  O F  B A S R A H
A L - Z A H R A A M E D I C A L  C O L L E G E

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(Gap1), S (Synthesis) and G2.

2- Mitosis.

3- Cytokinesis.

The cell cycle LO.5

A human has 46 chromosomes (2n = 46) in 

diploid cells that involving all  somatic cells, 

and 23 chromosome in haploid cell that 

involving the  gametes (egg and sperm).

https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/DNA_replication
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The cell cycle LO.5

G1

Cellular contents, 
excluding  
chromosomes, are 
duplicated

S
Each of 46 
chromosomes
is duplicated

G2
double check 
the duplicated 
chromosomes 
for error for 
repairs 

M

G1: the cell 
prepares for 
DNA replication
(growth & metabolism)
[6-12 h.]

S: DNA replication
[6-8 h.]

G2: the cell 
prepares for 
cell division
[3-4 h.] 

M: cell division 
(mitosis) [1 h.]

Cell cycle arrest
G0
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