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COURSE CODE: BCH 310 

COURSE TITLE: INTRODUCTORY MOLECULAR BIOLOGY 

COURSE SUBTITLE: CHROMOSOME STRUCTURE AND GENE EXPRESSION 

NUMBER OF UNITS: 2 UNITS 

COURSE DURATION: TWO HOURS 

COURSE LECTURER: DR AJAYI 

INTENDED LEARNING OUTCOMES 

1. To define the chromosomes and genes 

2. To discuss the process of DNA replication and repair  

3. To distinguish between biological information transfer in prokaryotic and eukaryotic cells 

COURSE DETAILS 

Weeks 1-2: Introduction to chromosome structure and gene expression 

Weeks 3-4: Comprehensive study of the pathway of biological information transfer processes 

(replication, transcription and translation) 

Weeks 5-6: Central dogma of molecular biology, DNA and RNA polymerase in prokaryotes and 

eukaryotes 

Weeks 7-8: Histones and molecular chaperones, prokaryotes gene expression and control 

Weeks 9-10: Eukaryotic gene expression and control. DNA damage and repair (DNA damaging 

agents, types of DNA damage). Pathological manifestation of defective DNA repair 

Weeks 11-12: Revision 

Lecturers’ Office Hours: 

1. Dr. Ugbenyen M.A. 8:00 am-4:00 pm (Monday-Friday) 

2. Dr. Ajayi O.O. 8:00 am-4:00 pm (Monday-Friday)  

RESOURCES 

Book: 

1.  Essential Cell Biology. Bruce Alberts, Dennis Bray, Karen Hopkins… (2nd ed.). 2004. 

ISBN:0-8153-3480-X  
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2.    Harpers illustrated Biochemistry. Robert K. Murray, Daryl Granner, Victor Rodwell 

(27 ed.)   ISBN 007-125301-7 

 

Course assessment 

1. Class and home assignments: 30% of final grade 

2. Exams: Final (according to university schedule): 70% of final grade 

Points to note 

1. All assignments must be independently done 

2. In cases  where you discuss the assignments with others, the names of such individuals 

must be written on top of the assignment sheet as collaborator(s) 

3. All assignments must be promptly submitted as late submissions will not be accepted 

4. You can turn in your home works early if you will be absent from the class for genuine 

reasons.  

 

PREAMBLE 

 

Life depends on the ability of cells to store, retrieve and translate genetic information necessary 

for the sustainability of a living organism. Hereditary instructions are stored within every living 

cell in its genes. The genetic information in the DNA of chromosomes can be transmitted by 

replication, recombination, transposition, crossover and conversion. Alteration in these processes 

results in diseases. The DNA is a polymeric structure composed of four monomeric units; 

deoxyadenylate, deoxyguanylate, deoxycytidylate, and thymidylate. The backbone is built of 

repeating sugar-phosphate units. The sugar molecules are deoxyribose. Joined to each 

deoxyribose is one of four possible bases: adenine (A), cytosine (C), guanine (G) and thymine 

(T).  The DNA consists of two complementary chains which are held by hydrogen bonds 

between the base portions of the nucleotides. 

 

In eukaryotic cells, long double-stranded DNA molecules are packed into the chromosomes 

present in the nucleus. The complex task of packaging DNA is accomplished by specialized 

proteins that bind to and fold the DNA, thus generating a series of coils and loops that provide 

increasingly higher levels of organization and that prevent the DNA from becoming an 

unmanageable tangle. Bacteria (prokaryote) typically carry their genes on a single, circular DNA 

molecule. Prokaryotic DNA is also associated with proteins that condense DNA, but differ from 

proteins that package eucaryotic DNA.  

 

THE DNA STRUCTURE  

 

A DNA molecule is a double helix of long polynucleotide chains which run antiparallel to each 

other. Each chain is composed of four types of nucleotide. The nucleotides are covalently linked 

together through the sugars and phosphates, which forms the backbone of alternating sugar-
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phosphate-sugar-phosphate. The chemical polarity of DNA strand is maintained by the unique 

way the nucleotide subunits are linked.  

Figure 1 shows the double helical structure of DNA, while figure 2 shows the base pairs.   

  

 

 

 

 

 

 
 

 

Figure 1: Double helix structure of a DNA (Biochemistry Stryer) 

 

 
Figure 2: The base pairs (Biochemistry Stryer) 
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THE EUCARYOTIC CHROMOSOME 

In eucaryotes, such as humans, the DNA in the nucleus is distributed among a set of different 

chromosomes. The human genome (the total genetic information carried by a cell or an 

organism) for example contains approximately 3.2 x 109 nucleotides distributed over 24 

chromosomes. Each chromosome consists of a single, very long linear DNA molecule associated 

with proteins that fold and pack the DNA into a more compact structure. The complex of DNA 

and protein is called chromatin. Furthermore, chromosomes are also associated with other 

proteins involved in gene expression, DNA replication and repair. Human cells contain two 

copies of chromosome; one inherited from the father and one from the mother. There is an 

exemption of the germ cells (sperm and egg) and highly specialized cells that lack DNA (such as 

red blood cells). The paternal and maternal chromosomes of a pair are called homologous 

chromosomes. The only nonhomologous chromosome pairs are the sex chromosomes in males, 

where a Y chromosome is inherited from the father and an X chromosome from the mother.  

DNA hybridization technique is used to distinguish human chromosomes. This technique uses a 

set of DNA molecules coupled to fluoresecent molecules to tag each chromosome a different 

colour. However, the traditional way of distinguishing one chromosome from another is by 

staining the chromosomes with dyes that bind to certain types of DNA sequences. These dyes 

mainly distinguish between DNA that is rich in A-T nucleotide pairs and DNA that is G-C rich. 

They produce a striking and reliable pattern of bands on each type of chromosome, allowing 

each chromosome to be identified and numbered. A display of the full set of 46 human 

chromosomes is called the human karyotype. Chromosomal alterations e.g. if parts of a 

chromosome are lost or switched between chromosomes are detected by changes in the banding 

patterns. The cytogeneticists use alterations in banding patterns to detect chromosomal 

abnormalities that are associated with some inherited defects and certain types of cancer. 

CHROMOSOMES CONTAIN THE GENES 

The most important function of chromosomes is to carry genes. A gene is defined as a segment 

of DNA that contains the instructions for making a particular protein (or in some cases, a set of 

closely related proteins). Some genes direct the production of an RNA molecule, instead of 

protein as their final product. The complexity of an organism correlates with the number of genes 

in its genome. For example, the total number of genes ranges from less than 500 in a bacterium 

to about 30,000 in humans. Many eukaryotic chromosomes (including humans) contain in 

addition to genes, a large excess of interspersed DNA that is called the junk DNA. The 

usefulness of the junk DNA to the cell has not been clearly defined. 

CHROMOSOMES IN DIFFERENT STAGES THROUGHOUT THE LIFE OF A CELL 

A DNA molecule does not only have to carry genes, it must be able to replicate and the 

replicated copies separated and partitioned reliably into daughter cells at each cell division. This 

process is referred to as the cell cycle. Two phases of the cell cycle are very important at this 
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stage; interphase (when chromosomes are duplicated) and mitosis (when they are distributed to 

the two daughter nuclei). During the interphase, the chromosomes are extended as long, thin, 

tangled threads of DNA in the nucleus and cannot be easily distinguished in the light 

microscope. Specialized DNA sequences found in all eucaryotes ensure that the interphase 

chromosomes replicate efficiently. One type of nucleotide sequence acts as the replication origin. 

Eukaryotic chromosomes contain replication origins to ensure that the entire chromosome is 

replicated rapidly. Another DNA sequence forms the telomeres found at each of the two ends of 

a chromosome. Telomeres contain repeated nucleotide sequence that enables the ends of 

chromosomes to be replicated. They also protect the end of the chromosome from being 

mistaken by the cell as a broken DNA molecule in need of repair. 

As the cell cycle proceeds, the DNA coils up, adopting a more and more compact structure, until 

the highly condensed mitotic chromosomes have been formed. This is the form in which 

chromosomes are most easily visualized. In this condensed state, duplicated chromosomes can be 

easily separated when the cell divides. The presence of the centromere (the third specialized 

DNA sequence) allows one copy of each duplicated chromosome to be apportioned to each 

daughter cell. 

NUCLEOSOMES: THE BASIC UNIT OF CHROMATIN STRUCTURE 

The proteins that bind to the DNA to form eukaryotic chromosomes are divided into two classes; 

histones and nonhistone chromosomal proteins. Histones are present in huge quantities (about 60 

million molecules of several different types in each cell). Histones are responsible for the first 

and most fundamental level of chromatin packing, the nucleosome. Nucleosomes contain DNA 

wrapped around a protein core of eight histone molecules-two molecules each of histones H2A, 

H2B, H3 and H4., and a double-stranded DNA of about 146 nucleotide pairs that winds around 

the histone octamer. 

The structure of nucleosomes can be determined after isolating them from the unfolded 

chromatin by digestion with nucleases that break down DNA by cutting between the nucleotides. 

The exposed DNA between the nucleosome core particles, the linker DNA is degraded 

Each nucleosome core particle is separated from the next by a region of linker DNA, which can 

vary in length from a few nucleotide pairs up to about 80. The formation of nucleosomes 

converts a DNA molecule into a chromatin thread approximately one-third of its initial length 

and provides the first level of packing. All four of the histones that make up the nucleosome core 

are relatively small proteins with a high proportion of positively charged amino acids 9lysine and 

arginine). The positive charges help the histones bind tightly to the negatively charged sugar-

phosphate backbone of DNA. These numerous interactions explain in part why DNA of virtually 

any sequence can bind to a histone core. Each of the core histones also has a long N-terminal 

amino acids tail which extends out from the DNA histone core. Histones tails are subject to 

several types of covalent modification that control many aspects of chromatin structure. 
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DNA REPLICATION 

At each cell division, a cell must accurately copy its genome. The cell achieves this feat, while 

duplicating DNA at rates as high as 1000 nucleotides per second. Each DNA strand can act as a 

template for the synthesis of a new complimentary strand. DNA replication produces two 

complete double helices from the original DNA molecule, each new DNA helix identical in 

nucleotide sequence to the parental DNA double helix 

The process of DNA replication begins with the initiator proteins that bind to the DNA and pry 

the two strands apart, breaking the hydrogen bonds between the bases. The positions at which the 

DNA is first opened are called replication origins and are marked by a particular sequence of 

nucleotides. In prokaryotes, replication origins span approximately 100 nucleotide pairs; are 

composed of DNA sequences that attract the initiator proteins as well as stretches of DNA that 

are especially easy to open. A bacterial genome contained in a circular DNA molecule of several 

million nucleotide pairs, has a single replication origin. The human genome has about 10,000 

replication origins which enhances DNA replication within a short time. Once the initiator 

protein opens up the double helix, a group of proteins are attracted that carry out the replication 

NEW DNA SYNTHESIS OCCUR AT THE REPLICATION FORKS 

DNA molecules in the process of being replicated contain Y-shaped junctions called replication 

forks. At these forks, the replication machine moves along the DNA opening up the two strands 

of the double helix and using each strand as a template to make new daughter strands. DNA 

replication is termed bidirectional. i.e. two replication forks are formed at each replication 

origins, move in opposite directions, unzipping the DNA as they go. The forks move very rapidly 

at about 1000 nucleotides pairs per second in bacteria (prokaryotes) and 100 pairs per second in 

humans (eucaryotes). The slower rate of fork movement in eucaryotes may be due to the 

difficulties in replicating DNA through the more complex chromatin structure present in 

eucaryotes. 

DNA polymerase synthesizes new DNA using one of the old strands as a template. It catalyzes 

the addition of nucleotides to the 3’ end of a growing DNA strand by forming a phosphodiester 

bond between this end and the 5’-phosphate group of the incoming nucleotide. Nucleotides enter 

the reaction initially as nucleoside triphosphates which provide the energy for polymerization. 

The hydrolysis of one high energy bond in the nucleoside triphosphate fuels the reaction that 

links the nucleotide monomer to the chain and releases pyrophosphate (PPi). DNA polymerase 

couples the release of this energy to the polymerization reaction. Pyrophosphate is further 

hydrolyzed to inorganic phosphate which makes the polymerization reaction effectively 

irreversible. DNA polymerase does not dissociate from the DNA each time it adds a new 

nucleotide to the growing chain, it stays associated with the DNA and moves along the template 

strand stepwise for many cycles of the polymerization reaction. 
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The DNA polymerase can catalyze the growth of the DNA chain in only one direction; it can add 

new subunits only to the 3’ end of the chain. Therefore, a new DNA chain can be synthesized 

only in a 5’ to 3’ direction. This can account for the synthesis of one of the two strands of DNA 

at the replication fork, but not the other. One might have expected a second type of DNA 

polymerase to synthesize the other DNA strand (one that works by adding subunits to the 5’ end 

of a DNA chain), however, no such enzyme exists, rather, the DNA strand whose 5’ end must 

grow is made discontinuously (lagging strand) in successive separate small pieces (Okazaki 

fragments) with the DNA polymerase moving backward with respect to the direction of the 

replication fork as each new piece is made in the 5’ to 3’ direction. The other strand which is 

synthesized continuously is called leading strand 

DNA POLYMERASE IS SELF CORRECTING 

DNA polymerase is accurate that it makes only about one error in every 107 nucleotide pairs it 

copies.  This is because it carefully monitors the base-pairing between each incoming nucleotide 

and the template strand. Only when the match is correct does DNA polymerase catalyze the 

nucleotide addition reaction. Secondly, when DNA polymerase makes a rare mistake and adds 

the wrong nucleotide, it can correct the error through an activity called proofreading. 

Proofreading takes place at the same time as DNA synthesis. It is carried out by a nuclease that 

cleaves the phosphodiester backbone. Polymerization and proofreading are tightly coordinated 

and the two reactions are carried out by different domains within the polymerase molecule. DNA 

polymerase functions as a self-correcting enzyme that removes its own polymerization errors as 

it moves along the DNA, it must proceed only in the 5’ to 3’ direction.  

SHORT LENGTH RNA ACT AS PRIMERS FOR DNA SYNTHESIS 

Short length RNA serves as a primer for DNA synthesis. Primase is an RNA polymerase that 

synthesizes RNA using DNA as a template. A strand of RNA is very similar chemically to a 

single strand of DNA except that it is made of ribonucleotide subunits, in which the sugar is 

ribose and not deoxyribose. RNA also differs from DNA in that it contains the base uracil (U) 

instead of thymine (T). because U can form a base pair with A, the RNA primer is synthesized 

on the DNA strand by complimentary base pairing in exactly the same way as is DNA. For the 

leading strand, an RNA primer is needed only to start replication at the replication origin; once a 

replication fork has been established, the DNA polymerase is continuously presented with a base 

paired 3’ end as it tracks along the template strand. On the lagging strand where DNA synthesis 

is discontinuous, new primers are needed continually. As the movement of the replication fork 

exposes a new stretch of unpaired bases, a new RNA primer is made at intervals along the 

lagging strand. DNA polymerase adds a deoxyribonucleotide to the 3’ end of this primer to start 

a DNA strand and it will continue to elongate this strand until it runs into the next RNA primer 

To produce a continuous new DNA strand from the many separate pieces of nucleic acids made 

on the lagging strand, three additional enzymes are needed. These act quickly to remove the 
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RNA  primer, replace it with DNA and join the DNA fragments together. A nuclease breaks 

apart the RNA primer, a DNA polymerase called a repair polymerase then replaces this RNA 

with DNA using the end of the adjacent Okazaki fragments as a primer, DNA ligase joins the 5’ 

phosphate end of the new DNA fragment to the adjacent 3’ hydroxyl end of the next.  ATP or 

NADH is required for ligase activity. Primase can begin new polynucleotide chains, this is 

possible because it does not proofread its work. This makes it susceptible to mistakes.  

PROTEINS INVOLVED IN REPLICATION 

Most of the proteins involved in DNA replication are thought to be held together in a large 

multienzyme complex that moves as a unit along the DNA. This enables the DNA to be 

synthesized on both strands in a coordinated manner. The functions of Helicase and polymerases 

have been earlier mentioned.  

Another component of the replication machinery is the single-strand binding protein. It clings to 

the single stranded DNA exposed by the helicase thus preventing it from reforming base pairs. 

Another protein sliding clamp keeps the DNA polymerase firmly attached to the DNA template. 

It releases the polymerase from the DNA each time an Okazaki fragment is completed on the 

lagging strand. It forms a ring around the DNA helix and binds polymerase thereby allowing it to 

slide along a template strand as it synthesizes new DNA 

Telomerase acts by replicating the ends of eucaryotic chromosomes. It adds multiple copies of 

the telomere DNA sequence to the ends of the chromosomes thus producing a template that 

allows replication of the lagging strand to be completed 

DNA REPAIR 

To survive and reproduce, individuals must be genetically stable. This stability is not only 

achieved by the accurate mechanisms for replicating the DNA but also through mechanisms for 

correcting copying mistakes made by the replication machinery and repairing the accidental 

damage that occur to the DNA. These are achieved by DNA repair. 

Apart from replication errors, DNA also undergoes thermal collisions with other molecules. This 

often results in major chemical changes in the DNA. A typical example is depurination. 

Depurination does not break the phosphodiester backbone but gives rise to lesions that resemble 

missing teeth. Another major change is the spontaneous loss of an amino group from cytosine in 

the DNA to uracil (deamination). Ultraviolet radiation also damages the DNA, it promotes 

covalent linkage between two adjacent pyrimidine bases forming a thymine ester. Moreover, 

some chemically reactive by products of metabolism could react with DNA bases, hereby 

altering their base-pairing properties. These changes could be permanent (mutation) with 

enormous consequences. The DNA mismatch repair proteins correct errors that occur during 

DNA replication. They correct about 99% errors. Whenever, a copying mistake arises from the 

replication machinery, mispaired nucleotide (mismatch) is left behind. If left uncorrected, the 



9 
 

mismatch will result in a permanent mutation in the next round of DNA replication. A complex 

of mismatch repair proteins recognizes these DNA mismatches, removes one of the two strands 

of DNA involved in the mismatch and resynthesizes the missing strand. For its effectiveness, the 

mismatch repair system must remove the newly synthesized DNA strand. 

The basic pathway for repairing DNA damage involves three steps; 

1. The damaged DNA is recognized and removed by one of a variety of different nucleases 

which cleave the covelent bonds that join the damaged nucleotides to the rest of the DNA 

molecule, leaving a small gap on one strand of the DNA double helix in this region 

2. A repair DNA polymerase binds to the 3’-hydroxyl end of the cut DNA strand. It then fills in 

the gap by making a complimentary copy of the information stored in the undamaged strand. A 

repair DNA polymerase synthesizes DNA strand in the 5’ to 3’ direction and has the same type 

of proofreading activity to ensure that the template strand is accurately copied 

3. When the repair DNA has filled in the gap, a break remains in the sugar-phosphate backbone 

of the repaired strand. This nick in the helix is sealed by DNA ligase, the enzyme that joins the 

lagging-strand DNA fragments during DNA replication. It should be noted that steps 2 and 3 are 

nearly the same for most types of DNA repair, including mismatch repair. Step 1 however uses a 

series of different enzymes with each specialized for removing different types of DNA damage. 

The essence of these repair processes cannot be overemphasized owing to the large investment 

that cells make in DNA repair enzymes and also evident from the consequences of their 

malfunction. Humans with genetic disease xeroderma pigmentosum cannot repair thymine 

dimers, because they have inherited a defective gene for one of the proteins involved in the 

regular process. Such individuals develop severe skin lesions including skin cancer because the 

accumulation of thymine dimmers in cells that are exposed to sunlight and the consequent 

mutations that arise in the cells that contain them.  

DNA RECOMBINATION 

DNA sequence in chromosomes do change with time can be rearranged. The particular 

combination of genes present in any individual genome is often altered by such DNA 

rearrangements. This kind of genetic variation is important to allow organisms evolve in 

response to a changing environment. These DNA rearrangements are caused by genetic 

recombination. 

Homologous recombination result in an exact exchange of genetic information. The following 

characteristics are common to homologous recombination in all cells; 

1. Two double stranded DNA molecules that have regions of very similar DNA sequence 

align so that their homologous sequences are in register. The DNA molecule can then 

cross over in a complex reaction. Both strands of each double helix are broken and the 
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broken ends are rejoined to the ends of the opposite DNA molecule to reform two intact 

double helices each made up of parts of the two different DNA molecules 

2. The site of exchange can occur anywhere in the homologous nucleotide sequences of the 

two participating DNA molecule 

3. No nucleotide sequences are altered at the site of exchange; the cleavage and rejoining 

events occur so precisely that not a single nucleotide is lost or gained 

 

SUMMARY 

1. Genetic information is carried by DNA molecules and encoded in the linear sequence of 

nucleotides; A,T,G,C 

2. A molecule of DNA exist as a double helix and is composed of a complimentary  strands 

of nucleotides held together by hydrogen bonds between G-C and A-T 

3. Eucaryotic chromosomes consist of DNA tightly bound to specialized protein called 

chromatins 

4. Chromosomal proteins include the histones which pack DNA into a  repeating array of 

DNA-protein called nucleosomes 

ASSIGNMENT 

1. Which of the following statements are correct? Explain your answers 

(a) A DNA strand has a polarity because the bases contain hydrophilic amino groups 

(b) G-C base pairs are more stable than A-T base pairs 

2. Discuss the process od DNA replication, repair and recombination proteins 


