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DNA STRUCTURE
The Structure and Function of DNA as the Molecule of Inheritance:

The DNA'’s function is to serve as the reservoir of all the genetic
information of the organism. This molecule contains genes, and one
definition is that they are stretches (pieces) of the DNA molecule that
code for specific functions. Crudely speaking, each gene will code for a
specific protein that will carry out a specific function in the complex web
of the cell’s biochemical metabolism. Everything that the organism has to
do or make is specified in this DNA macromolecule: when a cell will
develop, which type of cell will develop, when to live or die is all specified
in the genetic material (DNA).

In addition, the DNA molecule functions as the instrument to pass on
information from one generation to the other. When the cell has to
duplicate, the DNA helix splits apart and each strand serves as a
template to make a complementary strand of itself. This way all the
information stored in the parent’s DNA is passed on to its offspring.

In humans the genes are contained in 46 chromosomes - you inherit one

pair (23 chromosomes) from your father and one pair from your mother.

Experiments Identified the Genetic Material

The nucleic acid DNA (deoxyribonucleic acid) is one of the most
familiar molecules, the subject matter of movies and headlines (figure 1).
Fictional scientists reconstruct dinosaurs from DNA preserved in an
ancient mosquito’s gut. Criminal trials hinge on DNA evidence; the idea
of cloning animals raises questions about the role of DNA in determining
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who we are; and DNA-based discoveries are yielding new diagnostic
tests, treatments, and vaccines.

More important than DNA’s role in society today is its role in life itself. Of
all the characteristics that distinguish the living from the nonliving, the
one most important to the continuance of life is the self-replicating cell. At
the molecular level, reproduction depends on DNA, a biochemical that
has dual abilities. First, it directs the activities of the cell by controlling
protein synthesis. Second, it manufactures an exact replica of itself,
copying those instructions for the next generation of cells.

The recognition of DNA'’s vital role in life was a long time in coming. By
the early 1900s, researchers had recognized the connection between
inheritance and protein. For example, the English physician, Archibald
Garrod, noted that people with inherited “inborn errors of metabolism”
lacked certain enzymes. Other researchers added supporting evidence:
they linked abnormal or missing enzymes to unusual eye color in fruit
flies and nutritional deficiencies in bread mold. But how were enzyme

deficiencies and inheritance linked? Experiments in bacteria would

answer the question.

FIGURE 1 DNA—The Molecule in the Media.

(A) DNA bursts forth from this treated bacterial cell, illustrating just how
much DNA is tightly wound into a single cell. (B) Jurassic Park was a
1993 blockbuster movie in which fictional scientists recreated dinosaurs.
The dinosaur DNA came from blood found in ancient mosquitoes

entombed in amber.
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A. Griffith Discovered that Bacteria Can Transfer Genetic
Information:

In 1928, English microbiologist Frederick Griffith contributed the
first step in identifying DNA as the genetic material. Griffith studied mice
with pneumonia caused by a bacterium, Streptococcus pneumoniae. He
identified two types of bacteria: type R and type S (figure 2). Type R
bacteria form rough-shaped colonies, and when injected into mice, they
do not cause pneumonia.

Type S bacteria form smooth colonies because they are encased in a
polysaccharide capsule. When injected into mice, type S bacteria cause
pneumonia. Therefore, the smooth polysaccharide

coat seemed to be necessary for infection.

When Griffith heated type S bacteria (“heat-killing” them) and injected
them into mice, they no longer caused pneumonia.

However, when he injected mice with a mixture of type R bacteria plus
heat-killed type S bacteria, neither of which was able to cause
pneumonia alone, the mice died of pneumonia. Their bodies contained
live type S bacteria encased in polysaccharide.

How had the previously harmless bacteria acquired the ability to cause
disease? In the 1940s, U.S. physicians Oswald Avery, Colin MaclLeod,
and Maclyn McCarty offered an explanation.

B. Avery, MacLeod, and McCarty Showed that Genetic Information
Is DNA

Avery, MacLeod, and McCarty hypothesized that something in the heat-
killed type S bacteria entered and “transformed” the normally harmless
type R strain into a killer. Was this “transforming principle” a protein?
Treating the solution from the type S strain with a protein destroying
enzyme (a protease) failed to keep the type R strain from being
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transformed into a killer (figure 7.3). Therefore, a protein was not
responsible for transmitting the Kkilling trait. Treating the solution from the
heat-killed S bacteria with a DNA-destroying enzyme (DNase) first,
however, prevented the killing ability.

Avery, MaclLeod, and McCarty confirmed that DNA transformed the
bacteria by isolating DNA from heat-killed type S bacteria and injecting it
along with type R bacteria into mice. The mice died, and their bodies
contained active type S bacteria. The conclusion: Type S DNA altered
the type R bacteria, enabling them to manufacture the smooth coat
necessary to cause infection.

At first, biologists hesitated to accept DNA as the biochemical of
heredity. They knew more about proteins than about nucleic acids. They
also thought that protein, wit its 20 building blocks, was able to encode
many more traits than DNA, which includes just four types of building
blocks. In 1950, however, U.S. microbiologists Alfred Hershey and
Martha Chase conclusively showed that DNA—not protein—is the

genetic material.
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C. Hershey and Chase Confirmed the Genetic Role of DNA

Hershey and Chase used a very simple system; they infected the
bacterium Escherichia coli with a bacteriophage called T4. A
bacteriophage is a virus that infects only bacteria; most consist of only a
protein coat and a nucleic acid core (DNA in this case). We now know
that when the virus infects the bacterial cell, it injects its DNA, and the

protein coat remains loosely attached to the bacterium (figure 3).
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The viral DNA uses the bacterial cell's energy and raw materials to
manufacture more of itself. New virus particles then burst from the cell.
Hershey and Chase wanted to know which part of the virus controls its
replication: the DNA or the protein coat.

The researchers “labeled” two batches of viruses, one with radioactive
sulfur that marked protein, and the other with radioactive phosphorus
that marked DNA. They used each type of labeled virus to infect a
separate batch of bacteria and allowed several minutes for the virus
particles to bind to the bacteria and inject their DNA into them (figure 4).
Then they agitated each mixture in a blender, which removed the
unattached viruses and empty protein coats from the surfaces of the
bacteria. They poured the mixtures into test tubes and spun them at high
speed. This settled the infected bacteria at the bottom of each test tube
because they were heavier than the liberated viral protein coats.
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FIGURE 4

Diagrams illlustrating the Hershey and Chase experiment that
supported DNA as the hereditary material while it also showed protein
was NOT the hereditary material.

Summary A series of experiments revealed DNA, and not protein, to be
the genetic material. Further experiments provided clues to its structure.
DNA Is a Double Helix That Encodes “Recipes” for Proteins
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The early twentieth century also saw corresponding advances in
the study of the structure of DNA. By 1929, biochemists had discovered
the distinction between ribonucleic acid (RNA) and DNA, the two types of
nucleic acid. Later, they determined that nucleotides, the building blocks
of nucleic acids, included sugars, nitrogen-containing groups, and
phosphorus-containing components. Another important clue was the
observation that DNA and RNA nucleotides always contain the same
sugars and phosphates, but they may contain any one of four different
nitrogen-containing bases.

Biochemists and Physicists Discovered DNA’s Structure

In the early 1950s, two lines of evidence together revealed DNA’s
chemical structure. Austrian-American biochemist Erwin Chargaff
showed that DNA contains equal amounts of the bases adenine (A) and
thymine (T) and equal amounts of the bases guanine (G) and cytosine
(C). English physicist Maurice Wilkins and chemist Rosalind Franklin
bombarded DNA with X-rays, using a technique called X-ray diffraction to
determine the three-dimensional shape of the molecule.

The X-ray diffraction pattern revealed a regularly repeating structure of
building blocks (figure 5).

Watson and Crick’s Model Fits the Data

In 1953, U.S. biochemist James Watson and English physicist

Francis Crick, working at the Cavendish laboratory in Cambridge in the
United Kingdom, used these clues to build a ball-and-stick model of the
DNA molecule. The now familiar double helix included equal amounts of
G and C and of A and T, and it had the sleek symmetry revealed in the
X-ray diffraction pattern. The DNA double helix resembles a twisted
ladder.
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FIGURE 5

It contained four nitrogenous bases: cytosine, thymine, adenine,

and guanine; deoxyribose sugar; and a phosphate group. He concluded
that the basic unit (nucleotide) was composed of a base attached to a
sugar and that the phosphate also attached to the sugar. He
(unfortunately) also erroneously concluded that the proportions of bases
were equal and that there was a tetranucleotide that was the repeating
structure of the molecule. The nucleotide, however, remains as the
fundemantal unit (monomer) of the nucleic acid polymer. There are four
nucleotides: those with cytosine (C), those with guanine (G), those with
adenine (A), and those with thymine (T).

-10 -
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Central Dogma of Molecular Biology

Protein synthesis requires two steps: transcription and translation.
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DNA was proven as the hereditary material and Watson et al. had
deciphered its structure. What remained was to determine how DNA
copied its information and how that was expressed in the phenotype.
Matthew Meselson and Franklin W. Stahl designed an experiment to
determine the method of DNA replication. Three models of replication
were considered likely.

1. Conservative replication would produce an entirely new DNA strand

during replication.

Conservative replication

Original DNA
double helix

DNA molecules
after one
round of
replication

Conservative model of DNA replication.
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2. Semiconservative replication would produce two DNA molecules,
each of which was composed of one-half of the parental DNA along with
an entirely new complementary strand. In other words the new DNA
would consist of one new and one old strand of DNA. The existing

strands would serve as complementary templates for the new strand.

Semiconservativereplication ¢

Original DNA S&
Helix -4

)4
£y [
- i \f \‘\”:;- \4
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after oneround < <
of replication < (\»:
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The semiconservative model of DNA structure.

3. Dispersive replication involved the breaking of the parental strands
during replication, and somehow, a reassembly of molecules that were a
mix of old and new fragments on each strand of DNA.

-16 -
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Dispersive replication

Original DNA
double helix

DNA molecules
after one
round of
replication

DNA is the genetic molecule of all life. DNA (along with associated
proteins) is found in chromosomes. DNA ultimately controls all cell
activities.

We also know that the DNA in each of our cells is identical; DNA
molecules duplicate* prior to cell division ensuring that the new cells
formed are genetically identical to the original cell

A gene locus of DNA stores the information that specifies the sequence
of amino acids that form a specific polypeptide. The genes, or more
precisely, alleles we inherit from our parents determine the polypeptides
we synthesize in our cells, which determine the structure and functioning
of our cells and tissues.

DNA was a polymer of nucleotides. Each nucleotide contained:
1-Phosphate (P)

2-The 5-carbon sugar, deoxyribose

3- One of four different nitrogen-containing bases

-17 -
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DNA Replication and Repair:

Difference Between the Eukaryotic and Prokaryotic DNA Replication

Steps

As mentioned earlier, the eukaryotic DNA replication and the prokaryotic
DNA replication steps have a different mechanism. The eukaryotic DNA
replication steps are more complex than the prokaryotic DNA replication.
Eukaryotic DNA is found in all complex organisms which includes plants
and animals, whereas the prokaryotic DNA is present in 'simple’
organisms like bacteria and cyanobacteria. The eukaryotic DNA is
always present in combination with histone proteins and the prokaryotic
DNA is a simple duplex that does not contain histones (that is, basic
proteins). In the prokaryotic DNA replication steps, the DNA is replicated
during the interval between the cell divisions. The eukaryotic DNA
replication steps are highly regulated and the process takes place during
the 'S' phase of the cell cycle, that precedes mitosis or meiosis |.

Replication process
Origins

For a cell to divide, it must first replicate its DNA. This process is initiated
at particular points in the DNA, known as "origins", which are targeted by
proteins that separate the two strands and initiate DNA synthesis.
Origins contain DNA sequences recognized by replication initiator
proteins (e.g., dnaA in E. coli’ and the QOrigin Recognition Complex in

yeast). These initiator proteins recruit other proteins to separate the two
strands and initiate replication forks.

-18 -
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Origin of replication

025 pm

Initiator proteins recruit other proteins to separate the DNA strands at the
origin, forming a bubble. Origins tend to be "AT-rich" (rich in adenine and
thymine bases) to assist this process, because A-T base pairs have two
hydrogen bonds (rather than the three formed in a C-G pair)—in general,
strands rich in these nucleotides are easier to separate because a
greater number of hydrogen bonds requires more energy to break them.
Once strands are separated, RNA primers are created on the template
strands. To be more specific, the leading strand receives one RNA
primer per active origin of replication while the lagging strand receives
several; these several fragments of RNA primers found on the lagging
strand of DNA are called Okazaki fragments, named after their

discoverer. DNA Polymerase extends the leading strand in one
continuous motion and the lagging strand in a discontinuous motion (due
to the Okazaki fragments). RNase removes the RNA fragments used to
initiate replication by DNA Polymerase, and another DNA Polymerase
enters to fill the gaps. When this is complete, a single nick on the leading
strand and several nicks on the lagging strand can be found. Ligase

-19 -
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works to fill these nicks in, thus completing the newly replicated DNA

molecule.

As DNA synthesis continues, the original DNA strands continue to
unwind on each side of the bubble, forming a replication fork with two

prongs. In bacteria, which have a single origin of replication on their

circular chromosome, this process eventually creates a "theta structure”

(resembling the Greek letter theta: 0). In contrast, eukaryotes have
longer linear chromosomes and initiate replication at multiple origins

within these.

Replication fork
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Many enzymes are involved in the DNA replication fork.

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. The resulting structure has
two branching "prongs", each one made up of a single strand of DNA.
These two strands serve as the template for the leading and lagging
strands, which will be created as DNA polymerase matches
complementary nucleotides to the templates; The templates may be
properly referred to as the leading strand template and the lagging strand
template.

-20 -
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Leading strand

The leading strand is the template strand of the DNA double helix so that
the replication fork moves along it in the 3' to 5' direction. This allows the
newly synthesized strand complementary to the original strand to be
synthesized 5' to 3' in the same direction as the movement of the

replication fork.

On the leading strand, a polymerase "reads" the DNA and adds

nucleotides to it continuously. This polymerase is DNA polymerase Il

(DNA Pol Ill) in prokaryotes and presumably Pol € in yeasts. In human

cells the leading and lagging strands are synthesized by Pol a and Pol &
within the nucleus and Pol y in the mitochondria. Pol € can substitute for

Pol & in special circumstances.
Lagging strand

The lagging strand is the strand of the template DNA double helix that is
oriented so that the replication fork moves along it in a 5' to 3' manner.
Because of its orientation, opposite to the working orientation of DNA
polymerase Ill, which moves on a template in a 3' to 5 manner,
replication of the lagging strand is more complicated than that of the
leading strand.

On the lagging strand, primase "reads" the DNA and adds BRNA to it in
short, separated segments. In eukaryotes, primase is intrinsic to Pol a.
DNA polymerase Ill or Pol & lengthens the primed segments, forming

Okazaki fragments. Primer removal in eukaryotes is also performed by

Pol d. In prokaryotes, DNA polymerase | "reads" the fragments, removes

the RNA using its flap endonuclease domain (RNA primers are removed

-21-
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by 5'-3' exonuclease activity of polymerase | [weaver, 2005], and
replaces the RNA nucleotides with DNA nucleotides (this is necessary
because RNA and DNA use slightly different kinds of nucleotides). DNA
ligase joins the fragments together.

As helicase unwinds DNA at the replication fork, the DNA ahead is
forced to rotate. This process results in a build-up of twists in the DNA
ahead. This build-up would form a resistance that would eventually halt
the progress of the replication fork. DNA Gyrase is an enzyme that
temporarily breaks the strands of DNA, relieving the tension caused by
unwinding the two strands of the DNA helix; DNA Gyrase achieves this
by adding negative supercoils to the DNA helix.

Bare single-stranded DNA tends to fold back on itself and form

secondary structures; these structures can interfere with the movement

of DNA polymerase. To prevent this, single-strand binding proteins bind

to the DNA until a second strand is synthesized, preventing secondary

structure formation.

Clamp proteins form a sliding clamp around DNA, helping the DNA

polymerase maintain contact with its template, thereby assisting with
processivity. The inner face of the clamp enables DNA to be threaded
through it. Once the polymerase reaches the end of the template or
detects double-stranded DNA, the sliding clamp undergoes a
conformational change that releases the DNA polymerase. Clamp-
loading proteins are used to initially load the clamp, recognizing the
junction between template and RNA primers.

-22.-
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Regulation

The cell cycle of eukaryotic cells.

Eukaryotes

Within eukaryotes, DNA replication is controlled within the context of the
cell cycle. As the cell grows and divides, it progresses through stages in
the cell cycle; DNA replication occurs during the S phase (synthesis
phase). The progress of the eukaryotic cell through the cycle is
controlled by cell cycle checkpoints. Progression through checkpoints is

controlled through complex interactions between various proteins,

including cyclins and cyclin-dependent kinases.

The G1/S checkpoint (or restriction checkpoint) regulates whether
eukaryotic cells enter the process of DNA replication and subsequent
division. Cells that do not proceed through this checkpoint are remain in
the GO stage and do not replicate their DNA.

Replication of chloroplast and mitochondrial genomes occurs
independent of the cell cycle, through the process of D-loop replication.

Bacteria

-23.-
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Most bacteria do not go through a well-defined cell cycle but instead
continuously copy their DNA; during rapid growth, this can result in the
concurrent occurrences of multiple rounds of replication. In E. coli, the
best-characterized bacteria, DNA replication is regulated through several
mechanisms, including: the hemimethylation and sequestering of the
origin sequence, the ratio of ATP to ADP, and the levels of protein DnaA.
All these control the process of initiator proteins binding to the origin

seqguences.

Because E. coli methylates GATC DNA sequences, DNA synthesis
results in hemimethylated sequences. This hemimethylated DNA is
recognized by the protein SegA, which binds and sequesters the origin
sequence; in addition, dnaA (required for initiation of replication) binds
less well to hemimethylated DNA. As a result, newly replicated origins
are prevented from immediately initiating another round of DNA
replication.

ATP builds up when the cell is in a rich medium, triggering DNA
replication once the cell has reached a specific size. ATP competes with
ADP to bind to DnaA, and the DnaA-ATP complex is able to initiate
replication. A certain number of DnaA proteins are also required for DNA
replication — each time the origin is copied, the number of binding sites
for DnaA doubles, requiring the synthesis of more DnaA to enable
another initiation of replication.

Termination

Eukaryotes initiate DNA replication at multiple points in the chromosome,
so replication forks meet and terminate at many points in the
chromosome; these are not known to be regulated in any particular way.

-24 -
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Because eukaryotes have linear chromosomes, DNA replication is
unable to reach the very end of the chromosomes, but ends at the
telomere region of repetitive DNA close to the end. This shortens the
telomere of the daughter DNA strand. This is a normal process in

somatic cells. As a result, cells can only divide a certain number of times

before the DNA loss prevents further division. (This is known as the
Hayflick limit.) Within the germ cell line, which passes DNA to the next

generation, telomerase extends the repetitive sequences of the telomere
region to prevent degradation. Telomerase can become mistakenly

active in somatic cells, sometimes leading to cancer formation.

Because bacteria have circular chromosomes, termination of replication
occurs when the two replication forks meet each other on the opposite
end of the parental chromosome. E coli regulate this process through the

use of termination sequences that, when bound by the Tus protein,

enable only one direction of replication fork to pass through. As a result,
the replication forks are constrained to always meet within the

termination region of the chromosome.

-25.-
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Table 16.1 Bacterial DNA replication proteins and their functions

Protein Function for Leading and Lagging Strands

Helicase Unwinds parental double helix at replication lorks

Single-strand binding Binds to and stabilizes single-stranded DNA until it can be used as a template

protein

Topoisomerase Corrects “overwinding” ahead of replication forks by breaking, swiveling, and rejoining DNA strands

Function for Leading Strand

Function for Lagging Strand

Primase Synthesizes a single RNA primer at the 5° end of the
leadling strand

DNA pol 111 Continuously synthesizes the leading strand,
adding on to the primer

DNA pol | Removes primer from the 5’ end of leading strand
and replaces it with DNA, adding on to the adjacent
3" end

DNA Ligase Joins the 3" end of the DNA that replaces the primer

to the rest of the leading strand

Synthesizes an RNA primer at the 5 end of each
Okazaki fragment

Elongates each Okazaki fragment, adding on to
its primer

Removes the primer from the 5' end of each
fragment and replaces it with DNA, adding on 10
the 3" end of the adjacent [ragment

Joins the Okazaki fragments

Steps of DNA Replication

The next we have to do is to shed light into the mystery of the steps of

DNA Replicationof the Eykaryotes.

1)The first major step for the DNA Replication to take place is the

breaking of hydrogen bonds between bases of the two antiparallel

strands. The unwounding of the two strands is the starting point. The

splitting happens in places of the chains which are rich in A-T. That is

because there are only two bonds between Adenine and Thymine (there

are three hydrogen bonds between Cytosine and Guanine). Helicase is

the enzyme that splits the two strands. The initiation point where the

splitting starts is called "origin of replication".The structure that is created

is known as "Replication Fork".

-26 -
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2) One of the most important steps of DNA Replication is the binding of
RNA Primase in the the initiation point of the 3'-5' parent chain. RNA
Primase can attract RNA nucleotides which bind to the DNA nucleotides
of the 3'-5' strand due to the hydrogen bonds between the bases. RNA
nucleotides are the primers (starters) for the binding of DNA nucleotides.

3!

X
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3) The elongation process is different for the 5'-3' and 3'-5' template.
a)5'-3' Template: The 3'-5' proceeding daughter strand -that uses a 5'-3'
template- is called leading strand because DNA Polymerase can
"read" the template and continuously adds nucleotides (complementary
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to the nucleotides of the template, for example Adenine opposite to

Thymine etc).

DNA Pol deita 3

3!

DNA Pol epsilon Y

b) 3'-5'Template: The 3'-5' template cannot be "read" by DNA
Polymerase. The replication of this template is complicated and the new
strand is called lagging strand. In the lagging strand the RNA Primase
adds more RNA Primers. DNA polymerase reads the template and
lengthens the bursts. The gap between two RNA primers is called
"Okazaki Fragments".

The RNA Primers are necessary for DNA Polymerase to bind
Nucleotides to the 3' end of them. The daughter strand is elongated with

the binding of more DNA nucleotides.

-28 -



== 1) DNA TECHNOLOGY

okazaki fragment
f\
\ !
% /
/
! / )

3!

4) In the lagging strand the DNA Pol | -exonuclease- reads the
fragments and removes the RNA Primers. The gaps are closed with the
action of DNA Polymerase (adds complementary nucleotides to the
gaps) and DNA Ligase (adds phosphate in the remaining gaps of the

phosphate - sugar backbone).

Each new double helix is consisted of one old and one new chain. This is

5!

what we call semiconservative replication.
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5) The last step of DNA Replication is the Termination. This process
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happens when the DNA Polymerase reaches to an end of the strands.
We can easily understand that in the last section of the lagging strand,
when the RNA primer is removed, it is not possible for the DNA
Polymerase to seal the gap (because there is no primer). So, the end of
the parental strand where the last primer binds isn't replicated. These
ends of linear (chromosomal) DNA consists of noncoding DNA that
contains repeat sequences and are called telomeres. As a result, a part
of the telomere is removed in every cycle of DNA Replication.

6) The DNA Replication is not completed before a mechanism of repair
fixes possible errors caused during the replication. Enzymes like
nucleases remove the wrong nucleotides and the DNA Polymerase fills

the gaps.

5’ 3
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Similar processes also happen during the steps of DNA Replication of
prokaryotes though there are some differences.

DNA Replication
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Il- RNA TRANSCRIPTION

Introduction:

Definition:

Transcription is the first step in gene expression. RNA strands are
constructed by cellular enzymes that read the genetic code of a single
DNA strand, and synthesize a complimentary RNA strand. Usually,
particularly in eukaryotic cells, such as humans, plants and animals,
transcription is initiated by a complex of enzymes including RNA
polymerase, which bind to the DNA strand at a specific location known
as the promoter or enhancer region. Initiation of transcription is often a
complex process that requires the presence of a number of proteins
called transcription factors. These proteins bind to the DNA strand and
interact with one another, either turning transcription on or off, depending
on the combination and types of transcription factors present.
Transcription is part of the process by which proteins are made. The next
step in the process is translation of the RNA code to an amino acid

chain, resulting in a protein.

Transcription is the mechanism by which a template strand of DNA is
utilized by specific RNA polymerases to generate one of the three
different classifications of RNA. These 3 RNA classes are:

1. Messenger RNAs (mRNAs): This class of RNAs are the
genetic coding templates used by the translational machinery to
determine the order of amino acids incorporated into an
elongating polypeptide in the process of translation.

2. Transfer RNAs (tRNAs): This class of small RNAs form

covalent attachments to individual amino acids and recognize the
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encoded sequences of the mRNAs to allow correct insertion of
amino acids into the elongating polypeptide chain.

3. Ribosomal RNAs (rRNAs): This class of RNAs are
assembled, together with numerous ribosomal proteins, to form
the ribosomes. Ribosomes engage the mRNAs and form a
catalytic domain into which the tRNAs enter with their attached
amino acids. The proteins of the ribosomes catalyze all of the
functions of polypeptide synthesis.

All RNA polymerases are dependent upon a DNA template in order to
synthesize RNA. The resultant RNA is, therefore, complimentary to the
template strand of the DNA duplex and identical to the non-template
strand. The non-template strand is called the coding strand because its'
sequences are identical to those of the mRNA. However, in RNA, U is
substituted for T.

Classes of RNA Polymerases

In prokaryotic cells, all 3 RNA classes are synthesized by a single
polymerase. In eukaryotic cells there are 3 distinct classes of RNA
polymerase, RNA polymerase (pol) I, |l and Ill. Each polymerase is
responsible for the synthesis of a different class of RNA. The capacity of
the various polymerases to synthesize different RNAs was shown with
the toxin a-amanitin. At low concentrations of a-amanitin synthesis of
MRNAs are affected but not rRNAs nor tRNAs. At high concentrations,
both mMRNAs and tRNAs are affected. These observations have allowed
the identification of which polymerase synthesizes which class of RNAs.
RNA pol | is responsible for rRNA synthesis (excluding the 5S
rBNA).There are 4 major rRNAs in eukaryotic cells designated by their
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sedimentation size. The 28S, 5S 5.8S RNAs are associated with the
large ribosomal subunit and the 18S rRNA is associated with the small
ribosomal subunit. RNA pol Il synthesizes the mRNAs and some of the
small nuclear RNAs (snRNAs) involved in RNA splicing. RNA pol Il
synthesizes the tRNAs, the 55 rRNA and some snRNAs.

Mechanism of RNA Polymerases

Synthesis of RNA exhibits several features that are synonymous with
DNA replication. RNA synthesis requires accurate and efficient initiation,
elongation proceeds in the 5'—>3' direction (i.e. the polymerase moves
along the template strand of DNA in the 3'—>5' direction), and RNA
synthesis requires distinct and accurate termination. Transcription
exhibits several features that are distinct from replication.

1. Transcription initiates, both in prokaryotes and eukaryotes,

from many more sites than replication.

2. There are many more molecules of RNA polymerase per cell
than DNA polymerase.

3. RNA polymerase proceeds at a rate much slower than DNA
polymerase (approximately 50-100 bases/sec for RNA versus
near 1000 bases/sec for DNA).

4. Finally the fidelity of RNA polymerization is much lower than
DNA. This is allowable since the aberrant RNA molecules can

simply be turned over and new correct molecules made.
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Steps of DNA Transcription

DNA transcription is a process that involves the transcribing of genetic
information from DNA to RNA. The transcribed DNA message is used to
produce proteins. DNA is housed within the nucleus of our cells. It
controls cellular activity by coding for the production of enzymes and
proteins. The information in DNA is not directly converted into proteins,
but must first be copied into RNA. This ensures that the information
contained within the DNA does not become tainted.

T T T T T

AGCTGACCTAGCGGACAA
TCGACTGGATCGCCTGTT
- e L I s
DNA
mRNA

A G CUGACCUAGTCOGGACAA-A




== 1) DNA TECHNOLOGY

e

3 Anlisense sirand

Frnpestrereyy ey yynein

ATGA-GGAT AG - G AA
LA - UG - UAGH GG - GUL

RNA polymerase

5
I TP Py EFRET R
TTGE OA - ATAM \[\

g TA-TL -« TAGT - GE-BYT -G« «TTAA: B TGTATT

L bLladd il d i i dliddirvinid v i i yrnriidviiisa E‘I

A

RHNA Transcrp!

Sense strand
Nucleus
Cytoplasm
Messangar RMNA (mRMNA)
81 RhA version of (he gene el ledves (e Gall nacleus end moves (0 e cyloplasm
UACUGC CUAGUCGECBUUCGECUUAACCEIUBUAUL
LI L L L L L b i i b | b i b b b L L i L i i L i i i £ § § @ L @i J ]|
mRNA

Transcription can be explained easily in 4 or 5 simple steps, each
moving like a wave along the DNA.

1. RNA polymerase unwinds/"unzips" the DNA by breaking the
hydrogen bonds between complimentary nucleotides.

2. RNA nucleotides are paired with complementary DNA bases.

3. RNA sugar-phosphate backbone forms with assistance from RNA
polymerase.

4. Hydrogen bonds of the untwisted RNA+DNA helix break, freeing
the newly synthesized RNA strand.

5. If the cell has a nucleus, the RNA is further processed and then
moves through the small nuclear pores to the cytoplasm.

DNA consists of four nucleotide bases [adenine (A), guanine (G),
cytosine (C) and thymine (T)] that are paired together (A-T and C-G) to
give DNA its double helical shape.
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There are three main steps to the process of DNA transcription.

Initiation

-RNA Polymerase Binds to DNA
-DNA is transcribed by an enzyme called RNA polymerase.
Specific nucleotide sequences tell RNA polymerase where to begin
and where to end. RNA polymerase attaches to the DNA at a
specific area called the promoter region.

-transcription  begins by the formation of preinitiation
complex(PIC) which contains the RNA polymerase and certain
proteins called six general transcription factors (GTP)

-formation of this complex requires the recognition of the TATA
box(core of promoter which has a sequence of TATAA).

C ading

- Sir and
g 3
] ‘ =)
e, i — e Lo Template
- -7 Strand

Elongation
Transcription factors unwind the DNA strand and allow RNA

polymerase to transcribe only a single strand of DNA into a single
stranded RNA polymer called messenger RNA (mRNA). The
strand that serves as the template is called the antisense strand.
The strand that is not transcribed is called the sense strand.

Like DNA, RNA is composed of nucleotide bases. RNA however,

-37-



== 1) DNA TECHNOLOGY

contains the nucleotides adenine, guanine, cytosine and uricil (U).
When RNA polymerase transcribes the DNA, guanine pairs with

cytosine and adenine pairs with uricil.

Caiding

= .l?' ] e S and

2 ) TIITEELITI I - .IIIIIIIIIIIIIIII
; Template
3 Strand

« Termination

Y]

RNA polymerase moves along the DNA until it reaches a
terminator sequence. At that point, RNA polymerase releases the
MRNA polymer and detaches from the DNA.

Since proteins are constructed in the cytoplasm of the cell by a process
called translation, mRNA must cross the nuclear membrane to reach the
cytoplasm. Once in the cytoplasm, mRNA along with ribosomes and
another RNA molecule called transfer RNA, work together to produce
proteins. Proteins can be manufactured in large quantities because a
single DNA sequence can be transcribed by many RNA polymerase

molecules at once.

MB' —

i ading

- _.:P Srand
3 1—"-1
. Ternplate
Sirznd
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lll- Translation Process

chain ol amine acids —

mRNA-+EESERcuC

CEEN GGA AGG GUU UAA SREE
i. . — |

Translation is the actual synthesis of a protein under the direction
of mMRNA. During this process the nucleotide sequence of an mRNA
(messenger RNA) is translated into the amino acid sequence of a

protein. The protein synthesis requires a technical machinery of high
complexity. As compared to information transfer between nucleic acid
molecules, where direct copying occurs on the basis of base
complementarity, the translation process involves a greater number of
chemical reactions and the participation of additional nucleic acid and
protein components. One of these components, the ribosome, provides
the basic machinery for the translation process. The major role of the
ribosome is to catalyse coupling of amino acids into protein according to
the sequence specified by the mRNA. The amino acids are brought to
the ribosome by tRNA (transfer RNA) molecules.
The nucleotide sequence of the mRNA is composed of four different

nucleotides whereas a protein is built up from 20 amino acids. To allow
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the four nucleotides to specify 20 different amino acids, the nucleotide
sequence is interpreted in codons, groups of three nucleotides. These
codons have their corresponding anticodon in the tRNA. Furthermore
each anticodon is linked to one particular amino acid. Thus, each codon
specifies one amino acid. This is referred to as the genetic code.

In addition to the main components of the translational system listed
above, the translation process also involves a large number of protein
factors that facilitate binding of mMRNA and tRNA to the ribosome. Protein
synthesis consumes a large part of the energy produced in the cell.

Translation may be divided into three distinct steps. The first, initiation,
results in the formation of an initiation complex in which the ribosome is
bound to the specific initiation (start) site on the mRNA while the initiator
tRNA is annealed to the initiator codon and bound to the ribosome. The
second stage, elongation, consists of joining amino acids to the growing
polypeptide chain according to the sequence specified by the message.
Incorporation of each amino acid occurs by the same mechanism. Thus,
the same steps are repeated over and over again until the termination
codon is reached in the message. The termination codon gives the signal
for the third and last stage of protein synthesis, the termination, in which
the ready-made protein is released from the ribosome.

Translation involves taking the message that's in the messenger RNA
and in a sense decoding the message from the language of nucleic acids
to the language of proteins or polypeptides. For translation to happen,
the messenger RNA goes to the cytoplasm where it is attached to a
cellular structure called a ribosome. Ribosomes are two part molecular

assemblies consisting of various proteins plus a special kind of RNA
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called ribosomal RNA. Ribosomal RNA is involved in catalyzing some of

the chemical reactions of translation.

In addition to the ribosome, another kind of RNA called tRNA carries
amino acids to the mRBNA when it is attached to a particular part of the
ribosome's small subunit, called a binding site. A critical feature of mMRNA
and how it is translated is the fact that each three nucleotides in the
mRNA is called a codon and it is the codon that is translated. Thus the
sequence of codons corresponds to the sequence of amino acids in the
polypeptide. You will see that the tRNA molecules have a set of three
nucleotide bases at one end that are complementary to a corresponding
codon. The bases on the tRNA are called the anti codon. This is critical
because the anti codons make the connection between the codons and
the correct amino acids that go with each codon.

Scientists have cracked the code involved in translation and given a
stretch of mRNA can tell what the corresponding sequence of amino
acids is. Learning how to do this was one of the two or three big
advances in the 20th century and has laid the foundation for many
advances in biotechnology as well as more basic biology such as the
study of evolution. This genetic code is virtually universal in that a
particular codon will usually translate to the same amino acid regardless
of of the organism doing the translation.

IS AUGACCCACGAUGGGUGAIEES

Sample mRNA transcript showing codon's nucleotide triplets. Read from
left to right. This mRNA has 5 codons.
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Initiation Step 1.

The mRNA joins to the small ribosomal unit at the 5' untranslated region.

This binds to a special binding site on the small ribosomal subunit.

The large ribosomal subunit has 3 binding sites, E, P, and A.

Initiation Step 2.

The large ribosomal subunit attaches to the small subunit such that the

first codon is aligned at the P binding site.
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Initiation step 3.

A tRNA carrrying the amino acid methionine attaches to the start codon
(AUG) on the messaenger RNA. This inititates elongation.

Elongation step 1.

Attachment of first amino acid carrying tRNA to A binding site.
A tRNA and its amino acid attaches to the A binding site.
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Elongation Step 2.

Peptide bond formation between the met and the amino acid carried at
the A bindiung site. Our polypeptide chain is now:
Met —Thr

Elongation Step 3.
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Ribosome moves in the 3' direction down the messenger RNA by three
bases or one codon shifting the tRNA and polypeptide chain to the P
Binding site. The A binding site is open and a vacant tRNA is in the E
binding site.

Elongation Step 4.
tRNA ejected from the E binding site.
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Repeat Elongation Step 1 -4
until stop codon encountered.

Elongation ends with:
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. Old tRNA ejected from the E Binding site

5 .i';';';;:_i:

L5 ESIEETS et

Termination Step 1.
The polypeptide chain is at the P site. The stop codon at the A site.
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Termination Step 2.
A Release factor protein binds to the stop codon at the A binding site.

000

Termination Step 3.
Release factor protein initiates separation of polypeptide chain:
Met-Thr-His-Asp-Gly
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5" EISIEES el

Termination Step 4.
Separation of translation machinary. Polypeptide chain may go to
cytoplasm for further processing.
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IEENAUGACCCACGAUGGG

Genetic Code

The table below can be used to determine what amino acid corresponds
to any 3-letter codon.

First Second Base Third

Base U ~Cc A | G Base

Cuu CCU CAU CGU U
C leucine proline | histidine @ arginine
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CuUC CCC CAC CGC
leucine proline | histidine @ arginine
CUA CCA CAA CGA
leucine proline | glutamine arginine
CUG CCG CAG CGG
leucine proline  glutamine arginine
AUU ACU AAU AGU
isoleucine threonine asparagine| serine
AUC ACC AAC AGC
isoleucine threonine asparagine| serine
AUA ACA AAA AGA
isoleucine threonine| lysine arginine
AUG (start) ACG AAG AGG
methionine threonine lysine arginine
GUU GCU GAU GGU
valine alanine @ aspartate = glycine
GUC GCC GAC GGC
valine alanine aspartate = glycine
GUA GCA GAA GGA
valine alanine glutamate glycine
GUG GCG GAG GGG
valine alanine glutamate glycine
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Tools and molecular techniques

1- Southern blot

A Southern blot is a method routinely used in molecular biology for

detection of a specific DNA sequence in DNA samples. Southern blotting
combines transfer of electrophoresis-separated DNA fragments to a filter

membrane and subsequent fragment detection by probe hybridization.

The method is named after its inventor, the British biologist Edwin

Southern. Other blotting methods (i.e., Western blot, Northern blot,

Eastern blot, Southwestern blot) that employ similar principles, but using

RNA or protein, have later been named in reference to Edwin Southern's
name. As the technique was eponymously named, Southern blot is

capitalized as is conventional for proper nouns. The names for other

blotting methods may follow this convention, by analogy.
Method

1. Restriction endonucleases are used to cut high-molecular-weight

DNA strands into smaller fragments.
2. The DNA fragments are then electrophoresed on an agarose gel to

separate them by size.

3. If some of the DNA fragments are larger than 15 kb, then prior to
blotting, the gel may be treated with an acid, such as dilute HCI,
which depurinates the DNA fragments, breaking the DNA into

smaller pieces, thus allowing more efficient transfer from the gel to
membrane.

4. If alkaline transfer methods are used, the DNA gel is placed into an
alkaline solution (typically containing sodium hydroxide) to

denature the double-stranded DNA. The denaturation in an alkaline
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environment may improve binding of the negatively charged DNA
to a positively charged membrane, separating it into single DNA
strands for later hybridization to the probe (see below), and

destroys any residual RNA that may still be present in the DNA.
The choice of alkaline over neutral transfer methods, however, is
often empirical and may result in equivalent results.

. A sheet of nitrocellulose (or, alternatively, nylon) membrane is

placed on top of (or below, depending on the direction of the
transfer) the gel. Pressure is applied evenly to the gel (either using
suction, or by placing a stack of paper towels and a weight on top
of the membrane and gel), to ensure good and even contact
between gel and membrane. If transferring by suction 20X SSC
buffer is used to ensure a seal and prevent drying of the gel. Buffer
transfer by capillary action from a region of high water potential to a

region of low water potential (usually filter paper and paper tissues)
is then used to move the DNA from the gel on to the membrane;
ion exchange interactions bind the DNA to the membrane due to

the negative charge of the DNA and positive charge of the
membrane.

. The membrane is then baked in a vacuum or regular oven at 80 °C
for 2 hours (standard conditions; nitrocellulose or nylon membrane)

or exposed to ultraviolet radiation (nylon membrane) to

permanently attach the transferred DNA to the membrane.
. The membrane is then exposed to a hybridization probe—a single

DNA fragment with a specific sequence whose presence in the
target DNA is to be determined. The probe DNA is labelled so that
it can be detected, usually by incorporating radioactivity or tagging

the molecule with a fluorescent or chromogenic dye. In some
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cases, the hybridization probe may be made from RNA, rather than
DNA. To ensure the specificity of the binding of the probe to the
sample DNA, most common hybridization methods use salmon or
herring sperm DNA for blocking of the membrane surface and
target DNA, deionized formamide, and detergents such as SDS to
reduce non-specific binding of the probe.

8. After hybridization, excess probe is washed from the membrane
(typically using SSC buffer), and the pattern of hybridization is

visualized on X-ray film by autoradiography in the case of a

radioactive or fluorescent probe, or by development of color on the

membrane if a chromogenic detection method is used.
Result

Hybridization of the probe to a specific DNA fragment on the filter
membrane indicates that this fragment contains DNA sequence that is
complementary to the probe.

The transfer step of the DNA from the electrophoresis gel to a membrane
permits easy binding of the labeled hybridization probe to the size-
fractionated DNA. It also allows for the fixation of the target-probe
hybrids, required for analysis by autoradiography or other detection
methods.

Southern blots performed with restriction enzyme-digested genomic DNA
may be used to determine the number of sequences (e.g., gene copies)
in a genome. A probe that hybridizes only to a single DNA segment that
has not been cut by the restriction enzyme will produce a single band on
a Southern blot, whereas multiple bands will likely be observed when the
probe hybridizes to several highly similar sequences (e.g., those that
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may be the result of sequence duplication). Modification of the
hybridization conditions (for example, increasing the hybridization
temperature or decreasing salt concentration) may be used to increase
specificity and decrease hybridization of the probe to sequences that are
less than 100% similar.

Agarose Gel Transfer or BLOT DNA
. - fragments from GEL to
HHHE Membrane
Membrane with mmhhhﬂﬂpmhl
DMNA bands Incubated with Bound DMA Bands
u transferredtoit Membrane H are Exposed on Film

2-The polymerase chain reaction

The polymerase chain reaction (PCR) is a powerful technique that
has rapidly become one of the most widely used techniques in molecular
biology because it is quick, inexpensive and simple. The technique
amplifies specific DNA fragments from minute quantities of source DNA
material, even when that source DNA is of relatively poor quality.
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Principle of the PCR

The purpose of a PCR (Polymerase Chain Reaction) is to make a huge
number of copies of a gene. This is necessary to have enough starting
template for sequencing.

1. The cycling reactions :

There are three major steps in a PCR, which are repeated for 30 or
40 cycles. This is done on an automated cycler, which can heat
and cool the tubes with the reaction mixture in a very short time.

The DNA polymerase, known as 'Taq polymerase', is named after
the hot-spring bacterium Thermus aquaticus from which it was
originally isolated. The enzyme can withstand the high
temperatures needed for DNA-strand separation, and can be left in
the reaction tube.

The cycle of heating and cooling is repeated over and over,
stimulating the primers to bind to the original sequences and to
newly synthesised sequences. The enzyme will again extend
primer sequences. This cycling of temperatures results in copying
and then copying of copies, and so on, leading to an exponential
increase in the number of copies of specific sequences. Because
the amount of DNA placed in the tube at the beginning is very
small, almost all the DNA at the end of the reaction cycles is copied

seqguences.

The reaction products are separated by gel electrophoresis.
Depending on the quantity produced and the size of the amplified
fragment, the reaction products can be visualised
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directly by staining with ethidium bromide or a silver-staining
protocol, or by means of radioisotopes and autoradiography.

PCR procedures steps

- Denaturation: DNA fragments are heated at high temperatures, which
reduce the DNA double helix to single strands. These strands become
accessible to primers.

- Annealing: The reaction mixture is cooled down. Primers anneal to the
complementary regions in the DNA template strands, and double strands
are formed again between primers and complementary sequences.

- Extension: The DNA polymerase synthesizes a complementary strand.
The enzyme reads the opposing strand sequence and extends the
primers by adding nucleotides in the order in which they can pair. The
whole process is repeated over and over
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Figure 3 : The different steps in PCR. Animated picture of PCR

Because both strands are copied during PCR, there is an
exponential increase of the number of copies of the gene.
Suppose there is only one copy of the wanted gene before the
cycling starts, after one cycle, there will be 2 copies, after two

cycles, there will be 4 copies, three cycles will result in 8 copies
and so on.
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Figure 4 : The exponential amplification of the gene in PCR.

2. Is there a gene copied during PCR and is it the right size ?

Before the PCR product is used in further applications, it has to be
checked if :

1. There is a product formed.
Though biochemistry is an exact science, not every PCR is
successful. There is for example a possibility that the quality
of the DNA is poor, that one of the primers doesn't fit, or that
there is too much starting template

2. The product is of the right size
It is possible that there is a product, for example a band of
500 bases, but the expected gene should be 1800 bases
long. In that case, one of the primers probably fits on a part of
the gene closer to the other primer. It is also possible that

both primers fit on a totally different gene.
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3. Only one band is formed.
As in the description above, it is possible that the primers fit
on the desired locations, and also on other locations. In that
case, you can have different bands in one lane on a gel.

Verification of PCR product on
agarose or separide gel

3kb <

— 1857

J — 105 =
5".HJ:

- — 383
300 4

ladder PCR fragments

Figure 5 : Verification of the PCR product on gel.

The ladder is a mixture of fragments with known size to compare
with the PCR fragments. Notice that the distance between the
different fragments of the ladder is logarithmic. Lane 1 : PCR
fragment is approximately 1850 bases long. Lane 2 and 4 : the
fragments are approximately 800 bases long. Lane 3 : no product
is formed, so the PCR failed. Lane 5 : multiple bands are formed
because one of the primers fits on different places.

Applications of PCR:

Medical applications

PCR has been applied to a large number of medical procedures:
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. The first application of PCR was for genetic testing, where a

sample of DNA is analyzed for the presence of genetic disease

mutations. Prospective parents can be tested for being genetic
carriers, or their children might be tested for actually being affected by
a disease. DNA samples for Prenatal testing can be obtained by

amniocentesis, chorionic villus sampling, or even by the analysis of

rare fetal cells circulating in the mother's bloodstream. PCR analysis
is also essential to Preimplantation genetic diagnosis, where

individual cells of a developing embryo are tested for mutations.

. PCR can also be used as part of a sensitive test for tissue typing,

vital to organ transplantation. As of 2008, there is even a proposal to

replace the traditional antibody-based tests for blood type with PCR-
based tests.

. Many forms of cancer involve alterations to oncogenes. By using
PCR-based tests to study these mutations, therapy regimens can
sometimes be individually customized to a patient.

Infectious disease applications

Characterization and detection of infectious disease organisms have
been revolutionized by PCR:

. The Human Immunodeficiency Virus (or HIV), responsible for
AIDS, is a difficult target to find and eradicate. The earliest tests for
infection relied on the presence of antibodies to the virus circulating in
the bloodstream. However, antibodies don't appear until many weeks
after infection, maternal antibodies mask the infection of a newborn,

and therapeutic agents to fight the infection don't affect the
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antibodies. PCR tests have been developed that can detect as little as
one viral genome among the DNA of over 50,000 host cells. Infections
can be detected earlier, donated blood can be screened directly for
the virus, newborns can be immediately tested for infection, and the

effects of antiviral treatments can be guantified.

. Some disease organisms, such as that for Tuberculosis, are

difficult to sample from patients and slow to be grown in the
laboratory. PCR-based tests have allowed detection of small numbers
of disease organisms (both live or dead), in convenient samples.
Detailed genetic analysis can also be used to detect antibiotic
resistance, allowing immediate and effective therapy. The effects of
therapy can also be immediately evaluated.

. The spread of a disease organism through populations of domestic
or wild animals can be monitored by PCR testing. In many cases, the
appearance of new virulent sub-types can be detected and monitored.
The sub-types of an organism that were responsible for earlier
epidemics can also be determined by PCR analysis.

Forensic applications

The development of PCR-based genetic (or DNA) fingerprinting

protocols has seen widespread application in forensics:

. In its most discriminating form, Genetic fingerprinting can uniquely

discriminate any one person from the entire population of the world.

Minute samples of DNA can be isolated from a crime scene, and

compared to that from suspects, or from a DNA database of earlier

evidence or convicts. Simpler versions of these tests are often used to
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rapidly rule out suspects during a criminal investigation. Evidence
from decades-old crimes can be tested, confirming or exonerating the

people originally convicted.

. Less discriminating forms of DNA fingerprinting can help in

Parental testing, where an individual is matched with their close

relatives. DNA from unidentified human remains can be tested, and
compared with that from possible parents, siblings, or children. Similar
testing can be used to confirm the biological parents of an adopted (or
kidnapped) child. The actual biological father of a newborn can also
be confirmed (or ruled out).
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Mutations
A mutation involving a change in a single base pair, often called a point
mutation, or a deletion of a few base pairs generally affects the function
of a single gene. Changes in a single base pair may produce one of two
types of mutation:

Point Mutations: Includes the deletion, insertion, or substitution of ONE

nucleotide in a gene (If one purine [A or G] or pyrimidine [C or T] is
replaced by the other, the substitution is called a transition. If a purine is
replaced by a pyrimidine or vice-versa, the substitution is called a
transversion).

o Gross mutations: It involves long stretches of DNA™

Point mutations
No mutation il |

Silent Nonsense Missense
conservative non-conservative
DNA level TTC TTT ATC TCC TGC
mRNA level AAG AAA UAG AGG ACG
protein level Lys Lys STOP Arg Thr

.
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Mis sense mutation, which results in a protein in which one amino acid is
substituted for another:

Missense mutation

Original DMA code for an amino acid sequence.

a—CATCATCATCATCATCATCAT
bases

~-- His H His H His H His H His H His H His |-

Amino acid Replacement of a
single nuclectide.

'
| [ | | | i 1 Iz | | | | | | P Lif

CATCATCATCGTCATCATCAT

-- His H His H His HEZT®H His H His H His }-
™

Ingorrect amino acid, which may
produce a malfunctioning protein.

U.5. Mational Library of Medicine

* Nonsense mutation, in which a stop codon replaces an amino acid
codon, leading to premature termination of translation

» Frame shift mutation, which causes a change in the reading frame,
leading to introduction of unrelated amino acids into the protein,
generally followed by a stop codon.
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Deletion mutation

Original DA code for an amino acid sequence.

DHA- -G AT GCMh TC A TGCATCATGCATCAT
bases
| Hlls H Hlls H Hlls H Hlls H His H Hlls H Hlls --

T
Amine acid
Deletion of a
/——>A single nucleotide.

CATCATC A TCTCATCATGCATEGC
| |

I
== His H His H His Leu 1le e e -

Incoerrect amine acid sequence., which
may produce a malfunctioning protein.

LS. Mational Librarns of hd=dicine

Insertion mutation

Original DMA code for an amino acid sequence_
DMa—C AT GCA TC A TC ATCATGCATGCAT
basas | [ [ I I [

- His H His H His H His H His H His H His }---

T
Amino acid Insertion of a
single nuscleotide.

C ATCATCAT AC ATCATCATOCA
| [ [

== His H His H His Thr Ser Ser Ser

Incorrect amino acid sequence, which
may produce a malfunctioning protein.

U.S. Maticnal Librars of Padicine

- 66 -



== 1) DNA TECHNOLOGY

Normal DNA Template Mutated
TrTIrTrrrrrrrrnra 1T 1T rrrrrnrnrnundg
AAAATACGTGCA DNA AAAATTCGTGCA template

strand DNA strand
vuovuvaysScaAcCSY UUUUAAGCACGU
mRNA i i B i 0 31 0 b 0 1 Mutated

Normal — Phe — Tyr — Ala — Arg — STOP : o RINA

polypeptide — Phe cODON Polypeptide synthesis ceases

Normal (c) Nonsense mutation
T T T 1T T ITIITITITTITT Mutated Frameshift mutations
AAGATACGTGCA template Insertion

DNA ral a
UUCUAUGCACGU strand T T T I T ITTITITITTI Mrtate:
LA L L L b b 1 b 1 1.1 Mutated AAATATACGTGTC CA template
mRNA DNA strand
—y — — — e & UuUuUAUAUGCACGU
Phe Tyr Ala Arg No_chang_e in i ol i i o |
amino acid Mutated
sequence of mRNA
(a) silent mutation polypeptide Phe lle Cys Thr Major difference
in amino acid
(d) Frameshift insertion sequence
T
Mutated template Mutated
rTTrrrrrorrrrornida utate;
AAAATACCTGC CA DNA strand Moo m AR template
DNA strand
i i i YUYy YescAcCSy
Mutated mRNA L L L1 L L L 1 L.l Mutated
Slightly different amino mRNA
— Phe Tyr — Gly — Arg ac% selauence — Phe — Leu —— His — Val — Major difference
in amino acid
(b) Missense mutation (e) Frameshift deletion sequence

Copyright @ 2006 Pearson Education, Inc., publishing as Benjamin Cummings.

Gross Mutations:
Cause alteration to DNA involving long stretches of sequences
1- deletion
2- insertion
3-rearangement
4- repetition

Repeat expansion mutation

Original DNA code for an amino acid sequence.
oma TCATTCACAGCCTAATCATGCETA

bases

- His H Ser H Gin H wval H 11e H met H Leu |-

Amino acid

—= hd
i T T T T T T T T T T T T T T T T T T

CATTCACAGEINGERE c TAATC

o e /Repeatsd trinucleotide
e I ~¥ (CAG).

- His H Ser H Gin Gin Gin Val [ile -

Repeated trinucleoctide adds a string
of glutamines (Gln) to the protein.

brars of Medicine
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{a) Point mutations and small deletions

WIll;l-tvpauqnemae

AMIN® N-Phe Arg T lle  Ala Asn-C

mANA 5-UUU CGA UGG AUA GCC AAU-3

DNA 3-AAA GCT ACC TAT CGG TTAS'
5-TTT CGA TGG ATA GCC AAT3'

Missense
3-AAF GCT ACC TAT CGG TTAB'
5'-TTAR CGA TGG ATA GCC AAT-3'
M-Leu Arg Trp lle  Ala AsnC

Nonsense
3-AAA GCT ATC TAT CGG TTAS'
5.TTT CGA TAG ATA GCC AAT-3'

N-Phe Arg Stop

Frameshift by addition
3-AAA GCT ACC ATA TCG GTT A5’
B'-TTT CGA TGG FAT AGC CAA T3
MN-Phe Arg Trp Tyr Ser Gin

Frameshift by deletion
GCTA
CGAT
3-AAA bCCT ATC GGT TAS
5-TTT GGA TAG CCA AT-3
N-Phe Gly Stop

{b) Chromosomal abnormalities

Inversion
A B JEEER E AB BBE E
| = - — il
Deletion
AB [CD E AB E
| = z —> =
Balanced translocation
A B CHEERNES AB C 2
—
WX ¥ Z WX Y { B o

Insertion

AB €D E AB CXD E
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