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GENETICS AND MOLECULAR BIOLOGY 

 

 

UNIT CORE 2 

Definition of gene, organization of genes and non coding DNA in prokaryotes. Eukaryotes – unique, 

moderately repetitive and highly repetitive DNA sequence, satellite DNA. Cot value. DNA is the genetic 

material - experimental evidence – Griffith, McLeod, McCarty and Avery, Hershey – Chase experiments. 

Definition and types of replication, experimental proofs for semi-conservative replication. Replication in 

prokaryotes and inhibitors of replication - requirements and mechanism of prokaryotic DNA-Replication. 

 

MATERIAL: 

 

Cell 

Cells are the basic building blocks of all living things. The human body is composed of trillions 

of cells. They provide structure for the body, take in nutrients from food, convert those nutrients into 

energy, and carry out specialized functions. Cells also contain the body’s hereditary material and can 

make copies of themselves. 

Cells have many parts, each with a different function. Some of these parts, called organelles, are 

specialized structures that perform certain tasks within the cell. Human cells contain the following major 

parts, listed in alphabetical order: 

Cytoplasm 

Cytoskeleton 

Endoplasmic reticulum (ER) 

Golgi apparatus 

Lysosomes and peroxisomes 

Mitochondria 

Nucleus 

Plasma membrane 

Ribosomes 
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DNA 

DNA, or deoxyribonucleic acid, is the hereditary material in humans and almost all other 

organisms. Nearly every cell in a person’s body has the same DNA. Most DNA is located in the cell 

nucleus (where it is called nuclear DNA), but a small amount of DNA can also be found in the 

mitochondria (where it is called mitochondrial DNA or mtDNA). Mitochondria are structures within cells 

that convert the energy from food into a form that cells can use. 

 

The information in DNA is stored as a code made up of four chemical bases:adenine (A), guanine (G), 

cytosine (C), and thymine (T). Human DNA consists of about 3 billion bases, and more than 99 percent of 

those bases are the same in all people. The order, or sequence, of these bases determines the information 

available for building and maintaining an organism, similar to the way in which letters of the alphabet 

appear in a certain order to form words and sentences. 

 

DNA bases pair up with each other, A with T and C with G, to form units called base pairs. Each base is 

also attached to a sugar molecule and a phosphate molecule. Together, a base, sugar, and phosphate are 

called a nucleotide. Nucleotides are arranged in two long strands that form a spiral called a doublehelix. 

The structure of the double helix is somewhat like a ladder, with the basepairs forming the ladder’s rungs 

and the sugar and phosphate molecules forming the vertical sidepieces of the ladder. 

 

An important property of DNA is that it can replicate, or make copies of itself. Each strand of 

DNA in the double helix can serve as a pattern for duplicating the sequence of bases. This is critical when 

cells divide because each new cell needs to have an exact copy of the DNA present in the old cell. 

 

Gene 

A gene is the basic physical and functional unit of heredity. Genes are madeup of DNA. Some 

genes act as instructions to make molecules called proteins. However, many genes do not code for  

proteins. In humans, genes vary in size from a few hundred DNA bases to more than 2 million bases. The 

Human Genome Project estimated that humans have between 20,000 and 25,000 genes. 

 

Every person has two copies of each gene, one inherited from each parent. Most genes are the 
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same in all people, but a small number of genes (less than 1percent of the total) are slightly different 

between people. Alleles are forms of the same gene with small differences in their sequence of DNA 

bases. These small differences contribute to each person’s unique physical features. 
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Scientists keep track of genes by giving them unique names. Because gene names can be long, 

genes are also assigned symbols, which are short combinations of letters (and sometimes numbers) that 

represent an abbreviated version of the gene name. For example, a gene on chromosome 7 that has been 

associated with cystic fibrosis is called the cystic fibrosis transmembrane conductance regulator; its 

symbol is CFTR. 

 

 

Genes are made up of DNA. Each chromosome contains many genes. 

 

Chromosome 

In the nucleus of each cell, the DNA molecule is packaged into thread-like structures called 

chromosomes. Each chromosome is made up of DNA tightly coiled many times around proteins called 

histones that support its structure. 

Chromosomes are not visible in the cell’s nucleus—not even under a microscope—when the cell 

is not dividing. However, the DNA that makes up chromosomes becomes more tightly packed during cell 

division and is then visible under a microscope. Most of what researchers know about chromosomes was 

learned by observing chromosomes during cell division. 

Each chromosome has a constriction point called the centromere, which divides the chromosome 

into two sections, or “arms.” The short arm of the chromosome is labeled the “p arm.” The long arm of 

the chromosome is labeled the “q arm.”The location of the centromere on each chromosome gives the 

chromosome its characteristic shape, and can be used to help describe the location of specific genes. 
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DNA and histone proteins are packaged into structures called chromosomes. 

How many chromosomes do people have? 

In humans, each cell normally contains 23 pairs of chromosomes, for a total of 46. Twenty-two of 

these pairs, called autosomes, look the same in both males and females. The 23rd pair, the sex 

chromosomes, differ between males and females. Females have two copies of the X chromosome, while 

males have one X and one Y chromosome. 

What is noncoding DNA? 

Only about 1 percent of DNA is made up of protein-coding genes; the other 99percent is 

noncoding. Noncoding DNA does not provide instructions for making proteins. Scientists once thought 

noncoding DNA was “junk,” with no known purpose. However, it is becoming clear that at least some of 

it is integral to the function of cells, particularly the control of gene activity. For example, noncoding 

DNA contains sequences that act as regulatory elements, determining when and where genes are turned 

on and off. Such elements provide sites for specialized proteins (called transcription factors) to attach 
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(bind) and either activate or repress the process by which the information from genes is turned into 

proteins(transcription). Noncoding DNA contains many types of regulatory elements: 

Promoters provide binding sites for the protein machinery that carriesout transcription. Promoters 

are typically found just ahead of the gene on the DNA strand. 

Enhancers provide binding sites for proteins that help activate transcription. Enhancers can be 

found on the DNA strand before or after the gene they control, sometimes far away. 

Silencers provide binding sites for proteins that repress transcription. Like enhancers, silencers 

can be found before or after the gene they control and can be some distance away on the DNA strand. 

Insulators provide binding sites for proteins that control transcription in a number of ways. Some 

prevent enhancers from aiding in transcription (enhancer-blocker insulators). Others prevent structural 

changes in the DNA that repress gene activity (barrier insulators). Some insulators can function as both an 

enhancer blocker and a barrier. 

Other regions of noncoding DNA provide instructions for the formation of certain kinds of RNA 

molecules. RNA is a chemical cousin of DNA. Examples of specialized RNA molecules produced from 

noncoding DNA include transferRNAs (tRNAs) and ribosomal RNAs (rRNAs), which help assemble 

protein building blocks (amino acids) into a chain that forms a protein; microRNAs(miRNAs), which are 

short lengths of RNA that block the process of protein production; and long noncoding RNAs (lncRNAs), 

which are longer lengths of RNA that have diverse roles in regulating gene activity. 

Some structural elements of chromosomes are also part of noncoding DNA. For example, 

repeated noncoding DNA sequences at the ends of chromosomes form telomeres. Telomeres protect the 

ends of chromosomes from being degraded during the copying of genetic material. Repetitive noncoding 

DNA sequences also form satellite DNA, which is a part of other structural elements. 

Satellite DNA is the basis of the centromere, which is the constriction point of the X-shaped 

chromosome pair. Satellite DNA also forms heterochromatin ,which is densely packed DNA that is 

important for controlling gene activity and maintaining the structure of chromosomes. 

Some noncoding DNA regions, called introns, are located within protein-coding genes but are removed 

before a protein is made. Regulatory elements, such as enhancers, can be located in introns. Other 

noncoding regions are found between genes and are known as intergenic regions. 

The identity of regulatory elements and other functional regions in noncoding DNA is not 

completely understood. Researchers are working to understand the location and role of these genetic 

components. 
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Genome Organization 

Genome: the total amount of genetic material, stored as DNA. The nuclear genome refers to the 

DNA in the chromosomes contained in the nucleus; in the case of humans the DNA in the 46 

chromosomes. It is the nuclear genome that defines a multicellular organism; it will be the same for all 

(almost) cells of the organism. You can have organelle genomes as well such as the mitochondrial 

genome. When you want to identify or distinguish one organism from another, such as in forensic testing, 

you investigate the genome. 

Transcriptome: The total amount of genetic information which has been transcribed by the cell. 

This information will be stored as RNA. The transcriptome is unique to a cell type and is a measure of the 

gene expression. Different cells within an organism will have different transcriptomes. Cell types can be 

identified by their transcriptome. 

Proteome: The cell’s complete protein output. This reflects all the mRNA sequences translated by 

the cell. Cell types have different proteomes and these can be used to identify a particular cell. 

 

The genome organisation: 

The base composition of DNA in an organism is a fixed value and it is expressed as the % of (G + 

C) of the total genome. The variation of this value between different prokaryotes is large; this  is 

surprising given that many of the individual proteins produced by the species have similar amino acid 

sequences. Prokaryotic genomic DNA can have as little as 25 % (G + C) in Mycoplasma genitalium to as 

high as ~72 % in Micrococcus lysodeikticus. Eukaryotic genomic DNA does not display the same 

variation between species. The % (G + C) composition of most plant and animal species falls within a 

narrow range, averaging at 39% with a variation of only ± 6%. 

 

Base composition within the genome. 

In prokaryotes the bases are distributed evenly throughout the genome with a slightly lower (G + 

C) content in promoter and intergenic regions; these often have A + T rich segments which melt more 

readily than G+C rich regions. The relatively constant base distribution within a given bacterial genome 

suggests that although there may be unequal nucleotide pool sizes inside the cell, the system will have 

evolved over many generations to be like this, and the rate of DNA replication is constant. 

The distribution of the (G + C) content throughout each genome in eukaryotes, however, varies 

significantly, unlike prokaryotes. Whereas the mean variation in % (G + C) content throughout the E. coli 
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genome is only 8.6 % in eukaryotes, this variation is over 30 %. Certain regions of eukaryotic genomic 

DNA are found to be (A + T) rich, with a % (G + C) content as low as 18 %, while other regions have a 

(G + C) content as high as 70 %. 
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The genome organisation: repetitive and unique sequences 

 

The C-value paradox 

The C-value is the total number of DNA bases in the genome (per haploid set of 

chromosomes).When you compare this to the complexity of the organism you find a massive disparity. 

Some organisms seem to have far too much DNA for their complexity e.g. the carp has 52 chromosomes 

while the alligator that eats it has 16! Some flowers have far more genetic material than humans!! 

Clearly the amount of DNA is not proportional to that required to produce all the proteins made 

by the organism or to their position on the food chain. 

Examples of organisms, their genome size, number of genes, and % of genome single copy. 

 

Essentially the human genomic DNA Cot curve has 40% fast annealing low Cot sequence 

elements and 60% slow renaturating high Cot unique sequences i.e. one copy per genome. The human 

genome can be divided up into 4 classes: highly repetitive (hundreds to millions of copies), moderately 

repetitive (10s to hundreds of copies), slightly repetitive (1 – 10 copies) and single copy sequences. 

The repetitive DNA, by sequence analysis, was found to contain short repeat sections found in 

satellite DNA (satellite DNA was so named from its behaviour on CsCl density ultra centrifugation),and 

sequences of normal length for genes that have large numbers of copies. 
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Highly repetitive sequences: One group of highly repetitive DNA is the simple sequence DNA which 

contains thousands of copies of a simple sequence repeated in tandem. The repeat sequence can be as 

short as 5 bases. The repeat sequences are known as: 

Short tandem repeats (STRs) 

Microsatellites (1 – 13 bases) 

Minisatellites (14 – 500 bases) 

These sequences are often found clustered around the centromer or telomers. The term satellite 

came about from its behaviour in a CsCl gradient. Because many of the simple sequence repeat DNA is 

AT rich it has a lower density than the more GC rich genomic DNA and therefore banded differently on 

the gradient, as a satellite. These repeats account for 10 – 20 % of higher eukaryotic DNA. 

The moderately repetitive DNA includes those sequences which have multiple copies in the 

genome, designed to increase the rate or amount of gene product, and some regulatory sequences found 

scattered throughout the genome. Sequences such as the ribosomal RNA and transfer RNA, which are 

required in large amounts for protein synthesis have many copies on the genome. The histone sequences 

also have large copy numbers in the genome. Another group of moderately repetitive DNA sequences are 

those scattered throughout the genome; known as SINES (short interspersed elements) and LINES (long 

interspersed elements). Some famous SINES and LINES: Alu repeats are the major SINE in mammalian 

genomes. They are ~300 bp long and about a million of such sequences exist scattered throughout the 

genome. They account for ~10% of the genome. The most common LINE in the human genome is L1, a 6 

000 bp sequence which is repeated some 50 000 times in the human genome. L1 sequences are also 

transcribed and some even encode proteins! Their function in the cell is unknown. 

The group of sequences with a small number of copies on the genome includes such 

sequences as the globins. This family of genes contains a number of closely related sequences, varying by 

only a few bases in the code, will cross hybridise. These are also known as gene clusters. 

The final group, the single copy sequences make up the vast majority of genes on the genome 

(gene being a functional unit which codes for a single polypeptide chain). This group is the most complex 

and takes the longest to re-anneal, hence the log scale on the time. The highly repetitive DNA re-anneals 

in seconds while the most complex single copy group takes hours or days to re-anneal. 

So our genome contains highly repetitive DNA which doesn’t code for proteins. It also contains 

some multi-gene families and multiple copies of some genes. This makes up 40% of the genome by Cot 

plot analysis. What of the other 60% unique sequences?? Remember only 1 – 2% of the genome is coding 

sequence. 



Genetic and Molecular Biology-Unit2  

General characteristics of the Human Genome. 

 

 

Simple and Tandem Repeats 

Tandem repeats are pervasive repetitive patterns of nucleotides that occur adjacent to each other 

varying in length from 2 – 50 base pairs in length. By identification of these patterns, an individual’s 

genetic profile can be created. This method is widely used in forensic analysis by using the fingerprints of 

the culprit. Estimates from the human genome Sequencing project indicate that such repeats make up 

∼3% of the sequenced human genome. For example, most of the humans have nearly 30 CGG•CGG 

repeats in the 5′ UTR of their FMR1 gene. However, population studies in Caucasians, the only 

population for which significant data exist, indicate that 246 to 468 females has 55–200 repeats and 3717 

to 8918 males has 200 to >1000 repeats at this locus . 

Satellite DNA 

Satellite DNA, also known as tandemly repeated DNA (TR-DNA), represents a class of 

repetitive elements consisting of clusters of short repeated sequences, and is divided into several 

categories according to the size of the individual repeats. Satellites are tandemly repeated sequences 

ranging from two to hundreds of base pairs (bp) per repeat, found in series of thousands of repeats, and 

localized to the heterochromatic regions of the centromeres and telomeres (and are particularly common 

in mammalian Y chromosomes). 

Minisatellites vary in repeat size from 9 to 100 bp (usually about 15 bp), and are usually found 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/centromere
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/telomeres
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/minisatellite
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in clusters of 10 to 100 repeats located in euchromatic subtelomeric regions or dispersed in other areas 

ofthe genome. Short tandem repeats (STRs) have repeat lengths of 3 to 5 bp, and are repeated 10 to 100 

times in various genomic locations. Microsatellites consist of very small sequences (1 to 5 bp) repeated 

10 to 100 times per cluster, and located in various places in the euchromatic portion of the genome. 

Satellite DNAs may be generated by some of the chromosome-level processes described in the 

previous section, namely unequal crossing-over during meiosis and  unequal sister  chromatid 

exchange at mitosis . A (micro) satellite is generated when the same sequence is inserted repeatedly by 

this mechanism, which is facilitated by the fact that the presence of repetitive sequences promotes more 

slippage. 

 

DNA as Genetic Material 

 

The  search  of  Genetic  material  started  during  the   mid-nineteenth  century.   The  principle  

of inheritance was discovered by Mendel. Based on his investigation, Mendel concluded that some 

‘factors’ are transferred from one generation to another. Mendel’s Law of Inheritance was the basis for 

the researchers on genetic material. Keeping his conclusions in mind, scientists who came after him, 

focused on chromosomes in search of genetic material. 

Griffith experiment was a turning point towards the discovery of hereditary material. However, it 

failed to explain the biochemistry of genetic material. Hence, a group of scientists, Oswald Avery, Colin 

MacLeod and Maclyn McCarty continued the Griffith experiment in search of biochemical nature of the 

hereditary material. Their discovery revised the concept of protein as genetic material to DNA as genetic 

material. 

Avery and his team extracted and purified proteins, DNA, RNA and other biomolecules from the 

heat-killed S strain bacteria. They discovered that DNA is the genetic material and it is alone responsible 

for the transformation of the R strain bacteria. They observed that protein-digesting enzymes (proteases) 

and RNA-digesting enzymes (RNases) didn’t inhibit transformation but DNase did. Although it was not 

accepted by all, they concluded DNA as genetic material. 

 

Griffith Experiment & Transforming Principle 

 

Griffith experiment was a stepping stone for the discovery of genetic material. Frederick Griffith 

experiments were conducted with Streptococcus pneumoniae. 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/short-tandem-repeat
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microsatellite
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/meiosis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sister-chromatid-exchange
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sister-chromatid-exchange
https://byjus.com/biology/dna-genetic-material/
https://byjus.com/biology/dna-genetic-material/
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During the experiment, Griffith cultured Streptococcus pneumoniae bacteria which showed two 

patterns of growth. One culture plate consisted of smooth shiny colonies (S) while other consisted of 

rough colonies (R). The difference was due to the presence of mucous coat in S strain bacteria, whereas 

the R strain bacteria lacked them. 

Experiment: Griffith injected both S and R strains to mice. The one which was infected with the S 

strain developed pneumonia and died while that infected with the R strain stayed alive. 

In the second stage, Griffith heat-killed the S strain bacteria and injected into mice, but the mice 

stayed alive. Then, he mixed the heat-killed S and live R strains. This mixture was injected into mice and 

they died. In addition, he found living S strain bacteria in dead mice. 

Conclusion: Based on the observation, Griffith concluded that R strain bacteria had been transformed by 

S strain bacteria. The R strain inherited some ‘transforming principle’ from the heat-killed S strain 

bacteria which made them virulent. And he assumed this transforming principle as genetic material. 

 

 

 

https://byjus.com/biology/bacteria/
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The Hershey-Chase experiments 

 

In their now-legendary experiments, Hershey and Chase studied bacteriophage, or viruses that 

attack bacteria. The phages they used were simple particles composed of protein and DNA, with the outer 

structures made of protein and the inner core consisting of DNA. 

Hershey and Chase knew that the phages attached to the surface of a host bacterial cell and 

injected some substance (either DNA or protein) into the host. This substance gave "instructions" that 

caused the host bacterium to start making lots and lots of phages—in other words, it was the phage's 

genetic material. Before the experiment, Hershey thought that the genetic material would prove to be 

protein^44start superscript, 4, end superscript. 

To establish whether the phage injected DNA or protein into host bacteria, Hershey and Chase 

prepared two different batches of phage. In each batch, the phage were produced in the presence of a 

specific radioactive element, which was incorporated into the macromolecules (DNA and protein) that 

made up the phage. 

• One sample was produced in the presence of ^{35}\text S35Sstart superscript, 35, end superscript, start 

text, S, end text, a radioactive isotope of sulfur. Sulfur is found in many proteins and is absent from DNA, 

so only phage proteins were radioactively labeled by this treatment. 

• The other sample was produced in the presence of a radioactive isotope of phosphorous. Phosphorous is 

found in DNA and not in proteins, so only phage DNA (and not phage proteins) were radioactively 

labeled by this treatment. 

Each batch of phage was used to infect a different culture of bacteria. After infection had taken 

place, each culture was whirled in a blender, removing any remaining phage and phage parts from the 

outside of the bacterial cells. Finally, the cultures were centrifuged, or spun at high speeds, to separate the 

bacteria from the phage debris. 

Centrifugation causes heavier material, such as bacteria, to move to the bottom of the tube and 

form a lump called a pellet. Lighter material, such as the medium (broth) used to grow the cultures, along 

with  phage  and  phage  parts,  remains  near  the  top  of  the  tube  and  forms  a   liquid  layer   called 

the supernatant. 
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1. One batch of phage was labeled with 35S, which is incorporated into the protein coat. Another batch was 

labeled with 32P, which is incorporated into the DNA. 

2. Bacteria were infected with the phage. 

3. The cultures were blended and centrifuged to separate the phage from the bacteria. 

4. Radioactivity was measured in the pellet and liquid (supernatant) for each experiment. 32P was found in 

the pellet (inside the bacteria), while 35S was found in the supernatant (outside of the bacteria) 

DNA Replication: 

Dna replication is the biological process of producing two identical replicas of DNA from one 

original DNA molecule.DNA replication is a essential process because, whenever a cell divides,the two 

new daughter cells must contain the same genetic information,or DNA , as the parent cell. 

Meselson and Stahl experiment: 

From the complementary strands model of DNA, proposed by Watson and Crick in 1953, there were 

three straightforward possible mechanisms for DNA replication: (1) semi-conservative, (2) conservative, 

and (3) dispersive 
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1. The semi-conservative model proposes the two strands of a DNA molecule separate during 

replication and then strand acts as a template for synthesis of a new, complementary strand. 

2. The conservative model proposes that the entire DNA duplex acts as a single template for the 

synthesis of an entirely new duplex. 

3. The dispersive model has the two strands of the double helix breaking into units that which are 

then replicated and reassembled, with the new duplexes containing alternating segments from one 

strand to the other. 

 

The three models of DNA replication possible from the double helix model of DNA structure. 

 

Each of these three models makes a different prediction about the how DNA strands should be 

distributed following two rounds of replication. These predictions can be tested in the following 

experiment by following the nitrogen component in DNA in E. coli as it goes through several rounds of 

replication. Meselson and Stahl used different isotopes of Nitrogen, which is a major  component  in 

DNA. Nitrogen-14 (14N) is the most abundant natural isotope, while Nitrogen-15 (15N) is rare, but also 

denser. Neither is radioactive; each can be followed by a difference in density – “light” 14 vs “heavy”15 

atomic weight in a CsCl density gradient ultra-centrifugation of DNA. 

The experiment starts with E. coli grown for several generations on medium containing only 15N. 

It will have denser DNA. When extracted and separated in a CsCl density gradient tube, this “heavy” 

DNA will move to a position nearer the bottom of the tube in the more dense solution of CsCl. DNA 

extracted from E. coli grown on normal, 14 N containing medium will migrate more towards the less dense 

top of the tube. 
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If these E. coli cells are transferred to a medium containing only 14N, the “light” isotope, and 

grown for one generation, then their DNA will be composed of one-half 15N and one-half 14N. If the this 

DNA is extracted and applied to a CsCl gradient, the observed result is that one band appears at the point 

midway between the locations predicted for wholly 15N DNA and wholly 14N DNA . This “single-band” 

observation is inconsistent with the predicted outcome from the conservative model of DNA replication 

(disproves this model), but is consistent with both that expected for the semi-conservative and dispersive 

models. 

If the E. coli is permitted to go through another round of replication in the 14N medium, and the 

DNA extracted and separated on a CsCl gradient tube, then two bands were seen by Meselson and Shahl: 

one at the 14N-15N intermediate position and one at the wholly 14N position.This result is inconsistent with 

the dispersive model (a single band between the 14N-15N position and the wholly 14 N position) and thus 

disproves this model. The two band observation is consistent with the semi-conservative model which 

predicts one wholly 14 N duplex and one 14N-15N duplex. Additional rounds of replication also support the 

semi-conservative model/hypothesis of DNA replication. Thus, the semi-conservative model is the 

currently accepted mechanism for DNA replication. Note however, that we now also know from more 

recent experiments that whole chromosomes, which can be millions of bases in length, are also semi- 

conservatively replicated. 

 

The positions of the 14N and 15N containing DNA in the density gradient tube on the left. 
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These experiments, published in 1958, are a wonderful example of how science works. 

Researchers start with three clearly defined models (hypotheses). These models were tested, and two 

(conservative and dispersive) were found to be inconsistent with the observations and thus disproven. The 

third hypothesis, semi-conservative, was consistent with the observations and thereby supported and 

accepted as mechanism of DNA replication. Note, however, this is not “proof” of the model, just strong 

evidence for it; hypotheses are not “proven”, only disproven or supported. 

RNA and protein 

While DNA is the genetic material for the vast majority of organisms, there are some viruses that 

use RNA as their genetic material. These viruses can be either single or double stranded and include 

SARS, influenza, hepatitis C and polio, as well as the retroviruses like HIV-AIDS. Typically there is 

DNA used at some stage in their life cycle to replicate their RNA genome. 

Also, the case of Prion infections agents transmits characteristics via only a protein (no nucleic 

acid present). Prions infect by transmitting a misfolded protein state from one aberrant protein molecule 

to a normally folded molecule. These agents are responsible for bovine spongiform encephalopathy (BSE, 

also known as "mad cow disease") in cattle and deer and Creutzfeldt–Jakob disease (CJD) in humans. All 

known prion diseases act by altering the structure of the brain or other neural tissue and all are currently 

untreatable and ultimately fatal. 

DNA replication, also known as semi-conservative replication, is the process by which DNA is 

essentially doubled. It is an important process that takes place within the dividing cell. 

The structure of DNA, at the precise steps involved in replicating DNA (initiation, elongation 

and termination), and the clinical consequences that can occur when this goes wrong. 

DNA Structure 

DNA is made up of millions of nucleotides. These are molecules composed of a deoxyribose 

sugar, with a phosphate and a base (or nucleobase) attached to it. These nucleotides are attached to each 

other in strands via phosphodiester bonds to form a ‘sugar-phosphate backbone’. The bond formed is 

between the third carbon atom on the deoxyribose sugar of one nucleotide (henceforth known as the 3’) 

and the fifth carbon atom of another sugar on the next nucleotide (known as the 5’). (3′ is pronounced 

‘three prime’ and 5′ is pronounced ‘five prime’.) 

There are two strands running in opposite or antiparallel directions to each other. These are 

attached to each other throughout the length of the strand through the bases on each nucleotide. There are 

4 different bases associated with DNA; Cytosine, Guanine, Adenine, and Thymine. In normal DNA 

strands, Cytosine binds to Guanine, and Adenine binds to Thymine. The two strands together form a 

double helix. 
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The Structure of RNA and DNA 

 

 

Stages of DNA replication 

DNA replication can be thought of in three stages; Initiation, Elongation, Termination 

Initiation 

DNA synthesis is initiated at particular points within the DNA strand known as ‘origins’, which 

are specific coding regions. These origins are targeted by initiator proteins, which go on to recruit more 

proteins that help aid the replication process, forming a replication complex around the DNA origin. 

There are  multiple  origin  sites,  and  when  replication  of  DNA  begins,  these  sites  are  referred  to  

as replication forks. 

Within the replication complex is the enzyme DNA Helicase, which unwinds the double helix 

and exposes each of the two strands, so that they can be used as a template for replication. It does this by 

hydrolysing the ATP used to form the bonds between the nucleobases, therefore breaking the bond 

holding the two strands together. 

DNA Primase is another  enzyme  that  is  important  in  DNA  replication.  It  synthesises  a 

small RNA primer, which acts as a ‘kick-starter’ for DNA Polymerase. DNA Polymerase is the enzyme 

that is ultimately responsible for the creation and expansion of the new strands of DNA. 

Elongation 

Once the DNA Polymerase has attached to  the  original,  unzipped  two strands  of  DNA  (i.e. 

the template strands), it is able to start synthesising the new DNA to match the templates. It is essential to 

note that DNA polymerase is only able to extend the primer by adding free nucleotides to the 3’ end. 

One of the templates is read in a 3’ to 5’ direction, which means that the new strand will be formed in a 5’ 

to 3’ direction. This newly formed strand is referred to as the Leading Strand. Along this strand, DNA 
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Primase only needs to synthesise an RNA primer once, at the beginning, to initiate DNA Polymerase. 

This is because DNA Polymerase is able to extend the new DNA strand by reading the template 

3′ to 5′, synthesising in a 5′ to 3′ direction as noted above. 

However, the other template strand (the lagging strand) is antiparallel, and is therefore read in    

a 5’ to 3’ direction. Continuous DNA synthesis, as in the leading strand, would need to be in the 3′ to 5′ 

direction, which is impossible as we cannot add bases to the 5′ end. Instead, as the helix unwinds, RNA 

primers are added to the newly exposed bases on the lagging strand and DNA synthesis occurs in 

fragments, but still in the 5′ to 3′ direction as before. These fragments are known as Okazaki fragments. 

Termination 

The process of expanding the new DNA strands continues until there is either no more DNA 

template left to replicate (i.e. at the end of the chromosome), or two replication forks meet and 

subsequently terminate. The meeting of two replication forks is not regulated and happens randomly 

along the course of the chromosome. 

Once DNA synthesis has finished, it is important that the newly synthesised strands are bound 

and stabilized. With regards  to the  lagging strand,  two  enzymes  are  needed  to achieve this; RNAase 

H removes the RNA primer that is at the beginning of each Okazaki fragment, and DNA Ligase joins 

fragments together to create one complete strand. 

 

Diagrammatic representation of DNA replication 
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Inhibition of Replication: 

In a bacterial cell, or any kind of cell for that matter, the nucleic acids DNA and RNA are 

incredibly important molecules. When a cell divides, it must first replicate its DNA to give the new cell 

what basically amounts to its instruction manual for life. And in the daily life of a cell, transcription of 

DNA into RNA is a major step in the assembly line that creates proteins. It's easy to see that if DNA or 

RNA synthesis are inhibited, a cell won't be able to get anything done at all! 

So, inhibiting nucleic acid synthesis sounds like a great strategy for an antibiotic. And luckily for 

us, the enzymes that carry out DNA and RNA synthesis are different enough between eukaryotic and 

prokaryotic cells that selective toxicity can be achieved. In this lesson, we'll learn about two major classes 

of antibiotics that inhibit nucleic acid synthesis: rifamycins and quinolones. We'll see how these 

antibiotics work, why they're selectively toxic, and how bacteria can become resistant to them. 

 

Rifamycins 

The rifamycins are a family of antibiotics that inhibit bacterial RNA polymerase. Rifamycins 

work by binding to the bacterial DNA-dependent RNA polymerase, the enzyme that is responsible for 

transcription of DNA into RNA. The antibiotic molecule is thought to bind to the polymerase in such a 

way that it creates a wall that prevents the chain of RNA from elongating. Rifamycins are bactericidal 

antibiotics. In the presence of rifamycins, bacteria can't transcribe any genes that they need to carry out 

their normal functions, so they die. 

Rifamycins are broad-spectrum antibiotics, meaning they're effective against many types of 

bacteria, including Gram-negative, Gram-positive, and obligate intracellular bacteria. There are two main 

reasons for this. First, the rifamycin molecule can penetrate well into cells and tissues. This means that, 

unlike some antibiotics that can't cross certain types of bacterial cell walls, the rifamycins can almost 

always get in and gain access to their target enzyme. And second, the bacterial RNA polymerase is well- 

conserved even among very different bacteria. This means that the enzyme's structure is similar enough 

that the rifamycins can bind well to their target in diverse types of bacteria. 

And how do the rifamycins achieve selective toxicity? After all, our cells need RNA polymerases 

too! Luckily for us, rifamycins do not bind to eukaryotic RNA polymerases, so our own cells can 

continue to transcribe genes normally even when we are taking these antibiotics. 

The best-known and most effective member of the rifamycin family is rifampin, which is also 

known as rifampicin. A major use of rifampin is in the treatment of mycobacterial diseases, such as 

tuberculosis and leprosy. Since mycobacteria are obligate intracellular bacteria, they live within host cells, 

where they're protected against many antibiotics that can't get inside. Rifamycins can penetrate well into 

cells and tissues, so they're a good first choice for mycobacterial infections. However, as with any 
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antibiotic, there are bacteria that are resistant to the rifamycins. The most common way for bacteria to 

become resistant to rifamycins is to acquire mutations that alter the structure of the RNA polymerase in 

such a way that rifamycins can't bind to it as well. 

 

Quinolones and Fluoroquinolones 

The second major class of antibiotics that inhibit nucleic acid synthesis is the quinolones and 

their derivatives, the fluoroquinolones. These are synthetic antibiotics that were first developed in the 

1960s. Drugs in this family, such as nalidixic acid, ciprofloxacin, and norfloxacin, work by inhibiting 

enzymes that are required for bacterial DNA synthesis. So, in contrast to the rifamycins, which inhibit 

transcription of DNA into RNA, the quinolones and fluoroquinolones inhibit DNA replication. But 

fortunately for us, they don't bind to eukaryotic enzymes for DNA replication, so they're selectively toxic. 
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