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Nucleic acids
 Nucleic

acids are heteropolymers composed of
monomers known as nucleotides .

 The

monomers are themselves made up of three
components: a sugar, a phosphate group, and a
nitrogenous base.

 The

nitrogenous bases are derivatives of two parent
compounds, pyrimidine and purine.

 The

purine bases, adenine (A) and guanine (G),
while the pyrimidine bases are cytosine (C),
thymine (T) and uracil (U).



These nucleotides can be combined to form two kinds
of nucleic acids: (DNA and RNA)



The bases and pentoses of the common nucleotides
are conventionally numbered to facilitate the naming
and identification of compounds.



The pentoses of nucleotides and nucleosides the
carbon numbers are given a prime () designation to
distinguish them from the numbered atoms of the
nitrogenous bases.



The base of a nucleotide is joined covalently (at N-1 of
pyrimidines and N-9 of purines) in an N--glycosyl bond
to the 1 carbon of the pentose, and the phosphate is
esterified to the 5 carbon.

Figure 1: Structures of nitrogenous bases

The DNA
 In

most organisms, the primary genetic
material is double stranded DNA.

What is required of this molecule?
 Stability

 Replicability
 mutability

The DNA structure


Deoxyribonucleic acids are very large molecules, usually composed of
two polynucleotide chains coiled together to form a double helix 2.0
nm in diameter.



Each chain contains purine and pyrimidine deoxyribonucleosides
joined by phosphodiester bridges



That is, two adjacent deoxyribose sugars are connected by a
phosphoric acid molecule esterified to a 3-hydroxyl of one sugar and a
5-hydroxyl of the other.



According to the base pairing rule, adenine (A) is always paired with
thymine (T) by two hydrogen bonds while guanine (G) pairs with
cytosine (C) by three hydrogen bonds .



This A:T and G:C base pairing means that the two strands in a DNA
double helix are complementary. That is, the bases in one strand match
up with those of the other according to the base pairing rules.



The two strands of a duplex DNA molecule run in
opposite directions to each other with respect to the
orientation of their sugar (antiparallel chains).



One chain is oriented in a 3-to-5direction, and the
other is oriented in a 5-to-3direction.



Because of the base-pairing requirements, when one
strand of DNA has, for example, the base sequence
5-TAGGCAT-3, the complementary strand must be
3-ATCCGTA-5. In this case, the double-stranded
form would be
 5-TAGGCAT-3

3-ATCCGTA-5.



Therefore, when the strands twist about one another, a
major groove and minor groove are formed by the
backbone.



Each base pair rotates 36° around the cylinder with
respect to adjacent pairs so that there are 10 base
pairs per turn of the helical spiral.



Each turn of the helix has a vertical length of 3.4 nm.



The helix is right-handed—that is, the chains turn
counter clockwise as they approach a viewer looking
down the longitudinal axis.

a
b
Figure 3: a. Formation of DNA strand,
b. antiparrallel nature of DNA molecule

Figure 3: DNA double helix showing hydrogen bonds

RNA Structure


Chemically, the RNA is closely related with DNA but
differs from DNA.



It is a single stranded polymer of Ribonucleotides units
and is composed of phosphoric acid, ribose sugar and
nitrogen bases, which are purines (adenine and
guanine) and pyrimidines (cytosine and uracil).



RNA functions in converting genetic information from
genes into the amino acid sequences of proteins.



Cells contain three different types of RNA—messenger
RNA, ribosomal RNA, and transfer RNA—that differ
from one another in function, site of synthesis in
eukaryotic cells, and structure.



Messenger RNA acts to carry genetic sequence
information between DNA and ribosomes.



Ribosomal RNA
is a major component of the
ribosome, and catalyses peptide bond formation.



Transfer RNA serves as the carrier molecule for amino
acids to be used in protein synthesis, and is
responsible for decoding the mRNA.



Replication is the process of duplicating double
stranded DNA, in order to create a second DNA
molecule that is identical to the original one.



The replication of a bacterial cell is usually
bidirectional, allowing the entire chromosome to
be replicated in half the time it would take if
replication were unidirectional.



Replication of this double stranded DNA is semi
conservative

MECHANISM OF DNA REPLICATION IN PROKARYOTES


During replication the DNA double helix must be
unwound to generate separate single strands.
Unwinding occurs very quickly.



Rapid unwinding can lead to tension and formation
of supercoils or supertwists in the helix.

The process of DNA replication involves the following
three main steps:
 Initiation
 Elongation
 Termination

1. Initiation of DNA replication.

1.
2.

3.

This process comprises three steps:
recognition of the origin
opening of DNA duplex to generate a region of single
stranded DNA,
capture of Dna B protein



To begin the process of DNA replication, specific enzymes
must recognize and bind to a distinct region of the DNA
called origin of replication (OriC).



Helicases (Dna B) are responsible for DNA unwinding.



These enzymes use energy from ATP to unwind short
stretches of helix just ahead of the replication fork



Once the strands have separated, they are kept single
through specific binding with single-stranded DNA binding
proteins (SSBs).

Figure : initiation processes of DNA replication

2. Elongation of DNA chain.
This step requires the presence of the following enzymes and
factors:
1.
Dna B
2.
primase (Dna G);
3.
DNA polymerase holoenzyme (or DNA pol III HE);
4.
SSB protein;
5.
RNAse H which removes RNA primers;
6.
DNA polymerase I which is used for filling the gap created due
to RNA primers and
7.
DNA ligase (which converts pimerless okazaki fragments into
continuous strand).


During initiation to elongation transition, the following events
occur:



As helicase (Dna B) travels in 5´ 3´ direction, it generates a
replication fork by opening the DNA helix.

 In

the elongation processes two strands are
involved and replication must be carried out
concurrently.
 Replication in one of the strand is continuous while
the other strand is discontinuous.
 The

continuous growing strand is called the leading
strand. On this strand there is always a free 3’OH to
which a new nucleotide can be added.

 The

opposite strand is called the lagging strand and
its synthesis is more complicated because there are
no free 3’OH to which new nucleotide can be
added.



Lagging strand replication is discontinuous, and the
fragments are synthesized in the 5′ to 3′ direction just as in
leading strand synthesis.



First, a special RNA polymerase called a primase
synthesizes a short RNA primer, usually around 10
nucleotides long, complementary to the DNA.



The primase requires the assistance of several other
proteins, and the complex of the primase with its accessory
proteins is called the primosome.



DNA polymerase III holoenzyme then synthesizes
complementary DNA beginning at the 3′ end of the RNA
primer.



After most of the lagging strand has been
duplicated, DNA polymerase I or RNase H removes
the RNA primer and replaces the primase given
way for DNA polymerase III to commence the
addition of new nucleotide;



these results to the synthesis of a series of fragment
called okazaki fragment



The polymerase appears to remove one primer
nucleotide at a time and replace it with the
appropriate complementary deoxyribonucleotide.



Finally, the fragments are joined by the enzyme
DNA ligase

3. TERMINATION

 DNA

replication stops when the polymerase
complex reaches a termination site (Ter site)
on the DNA.



The Tus protein binds to these Ter sites and
halts replication.



In many prokaryotes, replication
randomly when the forks meet.

stops

Figure : DNA replication process

TRANSCRIPTION
 Transcription

is the process of synthesizing RNA from
DNA template.

 The

enzyme RNA polymerase catalyzes the process
of transcription producing a single-stranded RNA
molecule that is complementary and antiparallel to
the DNA template.

 The

term minus (-) and plus (+) are used to describe
the two strands of DNA in the region that is
transcribed into RNA.

 The

same base-pairing rules apply with some
exception

1. INITIATION



Transcription begins when RNA polymerase recognizes and
binds to a promoter region



lies near the beginning of the gene to be transcribed.



The binding melts a short stretch of DNA, creating a region of
exposed nucleotides that serves as a template for RNA
synthesis.



A particular subunit of RNA polymerases recognizes the
promoter region prior to the initiation of transcription. The
subunit called sigma (σ) factor (a component of RNA
polymerase that recognizes the promoter region).



After transcription is initiated the σ factor dissociates from the
enzyme leaving the remaining portion of the RNA polymerase
called core enzyme.

2. Elongation and termination


RNA polymerase (core enzyme) forms covalent bonds between the
nucleotides and keeps moving along the DNA.



The core enzyme moves along the DNA, binding a nucleotides that
can pair with the next DNA base and opening the DNA helix as it
moves during elongation phase

Termination



Just as an initiation occurs at a distinct site on the DNA, so does
termination. When the RNA polymerase encounters a terminator
The terminator signals the RNA polymerase to stop transcription



RNA polymerase (core enzyme) dissociate and is released from the
DNA and the mRNA separates from the DNA



DNA rewinds

Figure 4: processes of transcription (mRNA synthesis).

TRANSLATION
 Translation

is the process of decoding the
information carried on the mRNA to synthesize the
specific protein.

 The

process of translation requires three major
components mRNA,
 rRNA and
 tRNA.

Messenger RNA (mRNA)


The mRNA carries encoded instructions for synthesis of a
specific polypeptide.



That information is deciphered using the genetic code.



In the genetic code there are 64 different codons,



three of these are the stop codon the remaining 61
translates to 20 different amino acids,



this means that more than one codon can encode a specific
amino acid e.g. ACA ACG encode amino acid threonine
because of this.

UUU
UUC
UUA
UUG

UCU
UCC
UCA
UCG

UAU
UAC
UAA
UAG

UGU
UGC
UGA
UGG

CUU
CUC
CUA
CUG

CCU
CCC
CCA
CCG

CAU
CAC
CAA
CAG

CGU
CGC
CGA
CGG

AUU
AUC
AUA
AUG

ACU
ACC
ACA
ACG

AAU
AAC
AAA
AAG

AGU
AGC
AGA
AGG

GUU
GUC
GUA
GUG

GCU
GCC
GCA
GCG

GAU
GAC
GAA
GAG

GGU
GGC
GGA
GGG

Figure 1: UNTRANSLATED GENETIC CODE

Figure 1: TRANSLATED GENETIC CODE



An important aspect of mRNA is that it carries the
information that indicates where the coding region actually
begins, this is important because genetic code is read as
groups of three nucleotides.



If translation occurs in the wrong reading frame, a very
different and nonfunctional polypeptide would be synthesized
(reading frame-ways in which triplets can be grouped).

Example:
mRNA sequence: A U G G C A U U G C C U U A U G G A A G A U
AA UGA


Reading frame 1:

AUG

Reading frame 2: A

UGG

GCA

CAU

UUG

UGC

CCU

CUU

UAU

AUG

GGA

GAA

AGA

GAU

UAA

AAU

UGA

GA

Transfer RNA (tRNA)
 The

tRNA are segments of RNA able to carry
specific amino acids, thus acting as keys that
interpret the genetic code.

 They

recognize* and base-pair with each of the
specific codon and the process deliver the
appropriate amino acid to that site.

Figure 7: Structure of tRNA

Ribosomal RNA (rRNA)



Ribosomes serve as the site of translation



their structure facilitates the joining of one amino
acid to another.

 (sverdbreg

unit-unit of size).

TRANSLATION
Processes of Translation
1.

INITIATION: Initiation begins as the mRNA is synthesized



The 30S subunit of the ribosome binds to a sequence in the mRNA
called the ribosomal-binding site, then the start codon (AUG-met)
appears at the site. (the position of the first AUG is important).



As the ribosome begins to assemble at that first AUG, then an initiation
complex forms



(the complex consist of 30S ribosomal subunit, a tRNA that carries a
chemically altered form of methionine (F-met), and proteins called
initiation factors).



Shortly after that, the 50S subunit of the ribosome joins the complex
and then the initiation factors leaves forming 70S ribosome.



The elongation phase then begins.

2. ELONGATION


The 70S ribosome has two sites (acceptor site)



the initiating tRNA that is carrying the f-met binds to the P-site,



then another tRNA that recognizes the next codon or that carries a
codon complementary to the next codon on the mRNA then fills the
A-site of the ribosome;



then an enzyme, covalently joins the f-met in the P-site to the amino
acid in the A-site carried by tRNA.



As this happens, translocation occurs: translocation results in the
advancement of the ribosome a distance of one codon.

3.TERMINATION: Elongation of the polypeptide terminates when the
ribosome reaches a stop codon

Figure : Processes of Translation

Figure 9: Elongation process of translation
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Introduction


Mutation is change in the nucleotide sequence of DNA



The change in a nucleotide system may not lead to an
observable change.



Any changes in the observable character usually arise
from altering the ability of the protein code by the gene
to function.



Substitution of even one amino acid for another in an
important location in the protein (e.g. in the catalytic
site) may cause the protein to be non-functional thereby
changing the properties of the cell.

Nature of Mutation

Mutations occur in one of two ways.
(1)

Spontaneous mutations arise occasionally in all
cells and develop in the absence of any
added agent.

(2)

Induced mutations, on the other hand, are the
result of exposure of the organism to some
physical or chemical agent called a mutagen.

SPONTANEOUS MUTATION

 The

most common type of spontaneous
mutation results from a mistake during DNA
synthesis
when
the
incorrect
base
is
incorporated into the DNA (an event called
base substitution).



This can be in two form called point mutation
and Frame shift mutation

A. Point mutation


This is the replacement of one nucleotide and its
partner in the complementary DNA strand with
another pair of nucleotides.



Point mutations can be divided into three categories:
(Missense, silent, nonsense).



I. Missense mutation: A genetic change that results in
the substitution of one amino acid in protein for
another.



It Code for a different amino acid and this results in
changing a codon so that a different protein is
created

Missense mutation

Replacement of a single nucleotide

Figure 1: Missense mutation
In this example, the nucleotide adenine is replaced by cytosine in the genetic
code, introducing an incorrect amino acid into the protein sequence.



ii. Nonsense mutation: is a point mutation in a
sequence of DNA that results in production of a
premature stop codon in the transcribed mRNA
thereby truncating protein synthesis.



It also converts an amino acid codon into a
termination codon.



This causes the protein to be shortened because
of the stop codon interrupting its normal code.



The amount of the protein lost is determined by
the functionality of the protein .

Original
strain

Mutated
strand

Figure 2: Nonsense mutation



iii. Silent mutation: type of point mutation that
code for the same amino acid.

A

silent mutation has no effect on the functioning
of the protein.

A

single nucleotide can change, but the new
codon specifies the same amino acid, resulting in
an unaltered protein.

ORIGINAL
strand

Mutated
strand

Figure 3: silent mutation

B. Frame shift mutation


A frame shift mutation (also called a reading frame shift) is
a genetic mutation caused by indels (insertion or deletion) of a
certain number of nucleotides in a DNA sequence



A frameshift mutation will in general cause the reading of the
codons after the mutation to code for different amino acids.



The earlier in the sequence the deletion or insertion occurs, the
more altered the protein.

NOTE!!!!!: A frameshift mutation is not the same as point mutation, in which a
nucleotide is replaced, rather than inserted or deleted.

FRAME SHIFT MUTATION

Figure 4: frame shift mutation

2. Induced Mutations


This is a type of mutation result from exposure of
organisms to chemical or physical agents. These
agents are generally called mutagens.



In other words induced mutation is an artificial kind
of mutation



Mutagens can be conveniently classified according
to their mechanism of action.



The three common modes of mutagen action are
incorporation of base analogs, specific mispairing,
and intercalation

Mode of action of mutagens used for mutagenesis
(a)

Incorporation of Base analogs: Base analogs are
structurally similar to normal nitrogenous bases and
can
be
incorporated
into
the
growing
polynucleotide chain during replication.



A widely used base analog is 5-bromouracil (5-BU),
an analog of thymine.



It undergoes a tautomeric shift from the normal keto
form to an enol form.



The enol form look like cytosine and forms hydrogen
bonds like cytosine and directs the incorporation of
guanine rather than adenine.

5-bromouracil

Thymine

Figure 5a: Thymine and its analog (5-bromouracil)

Figure5b: Mutagenesis by the Base Analog 5-Bromouracil.
Base pairing of the normal keto form of 5-BU: the keto form of 5-BU is
incorporated in place of thymine

(b) The enol form of 5-BU base pairs with guanine rather than with adenine as
might be expected for a thymine analog, its occasional tautomerization to the
enol form (BUe) will produce an AT to GC transition mutation

(b) Specific mispairing


Specific mispairing is caused when a mutagen
changes a base’s structure and therefore alters
its base pairing characteristics.



Some mutagens in this category are fairly
selective; they preferentially react with some
bases and produce a specific kind of DNA
damage.



An example of this type of mutagen is methylnitrosoguanidine, an alkylating agent that adds
methyl groups to guanine, causing it to mispair
with thymine (G:T).

Figure 6: Methyl-Nitrosoguanidine Mutagenesis. Mutagenesis by methyl-nitrosoguanidine due to the
methylation of guanine.

(C) Intercalation
 The mutagenesis of intercalation make use of
Intercalating agents (acridines such as proflavin and
acridine orange, ionizing radiation and carcinogens
such as aflatoxin B1 and other benzo(a)pyrene
derivatives).


these agent distort DNA



These mutagens are planar and insert themselves
(intercalate) between the stacked bases of the helix.
This results in a mutation, possibly through the formation
of a loop in DNA.



For instance, UV radiation generates cyclobutane type
dimers, usually thymine dimers, between adjacent
pyrimidines.

Figure 6: effect of uv light

Mutant Detection and Isolation


Mutant isolation helps to tell if there are any
mutant colonies in a culture.



Mutants can be isolated using either positive
selection or negative selection method



Positive method: Positive selection entails growing
the culture on a medium that will allow the
growth of only the mutant colonies.



For example, if we want to find mutants that are
resistant to penicillin, we grow such culture on a
medium that contains penicillin. Only those
colonies that are resistant to penicillin will grow and
we can identify them directly



Negative selection method: is used to identify
mutants that have lost their ability to perform a
certain function that their parents/ wild type had.



involve the use of replica plate
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Figure: replica plate method
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A. TRANSFORMATION


Transformation is the genetic alteration of a cell resulting
from the direct uptake and incorporation of exogenous
genetic material (exogenous DNA) from its surroundings and
taken up through the cell membrane(s).



It involves the transfer of Naked DNA in the environment
(exogenous DNA) into a cell (recipient cell).



Transformation occurs naturally in some species of bacteria,
but it can also be affected by artificial means in other cells.



For transformation to happen, bacteria must be in a state of
competent. (Natural and artificial competence).

Steps to achieve recombination through
transformation

1.

Adsorption (double stranded DNA molecules
must bind to competent cells)

2.

Entry of DNA (only one strand enters the cell).

3.

Integration of donor DNA (mechanism of
breakage and reunion)

Figure 7: transformation process

B. Transduction



Transduction is the transfer of bacterial genes by
viruses.
Bacterial genes are incorporated into a phage
capsid because of errors made during the virus life
cycle.



The virus containing these genes then injects them
into another bacterium, completing the transfer.



There are two different kinds of transduction:
generalized and specialized

Generalized Transduction


Generalized transduction occurs during the lytic cycle of virulent
and temperate phages and can transfer any part of the
bacterial genome.



During the assembly stage, when the viral chromosomes are
packaged into protein capsids, random fragments of the
partially degraded bacterial chromosome also may be
packaged by mistake.



Because the capsid can contain only a limited quantity of DNA,
the viral DNA is left behind.



The quantity of bacterial DNA carried depends primarily on the
size of the capsid.



The resulting virus particle often injects the DNA into another
bacterial cell but does not initiate a lytic cycle.
This phage is known as a generalized transducing particle



Figure: Generalized Transduction by Bacteriophages.

Specialized Transduction


In specialized or restricted transduction, the transducing
particle carries only specific portions of the bacterial genome.



Specialized transduction is made possible by an error in the
lysogenic life cycle.



When a prophage is induced to leave the host chromosome,
excision is sometimes carried out improperly.



The resulting phage genome contains portions of the bacterial
chromosome next to the integration site.



The transducing particle will inject bacterial genes into another
bacterium,



The bacterial genes may become stably incorporated under
the proper circumstances.

Figure Specialized Transduction

C. Conjugation


Another important and common mechanism of gene
transfer is conjugation and it is different from transduction
and transformation.



In conjugation cells lie side by side and contact between
the donor and recipient are required.



Conjugation is the direct transfer of DNA from one bacterial
cell to another bacterial cell.



The transferred DNA is a plasmid

Two kind of transfer are recognized
A. plasmid (F+ →F– ) transfer.
B. Hfr → F– transfer

A. Plasmid transfer (F+ → F– transfer)
There are four basics steps in plasmid transfer during
conjugation


Contact between donor and recipient: the cells lies side
by side, then one cell serves as the donor cell (the one
bearing F+ plasmid). The F plasmid codes for the
synthesis of structure called sex pilus (protein
appendage that attach donor to recipient- acts as a
grappling hook pulling the two cells together). The cell
pilus of the donor cell recognizes and binds to a specific
site (receptor site) on the cell wall of the recipient cell.



Activation of DNA transfer: the plasmid becomes active
(mobilized) for transfer. A plasmid encoded enzyme
then cleaves one strand of the plasmid at a specific
nucleotide sequence (origin of transfer) this result in the
formation of a single stranded DNA molecule with free
end.



Plasmid transfer: few minutes after the F+ cell contacts with
the F- cell a single strand of the plasmid, beginning from
the origin of transfer enters the F- cell



Synthesis of a functional plasmid inside the recipient and
donor cell.
Ones this plasmid is inside the recipient cell, a
complementary strand to the single stranded transferred
DNA is synthesized. Likewise, a strand complementary to
the single- stranded plasmid DNA remaining in the donor is
synthesized. Both the donor and recipient cells contain a
copy of F- plasmid and therefore become F+ and both cell
can act as donor of F- plasmid in the next generation.



Figure 8: Basics steps in plasmid transfer during conjugation

B. Formation of Hfr cells and Hfr → F– transfer


In certain F+ bacterial cells, the F element infrequently becomes
associated with the main bacterial chromosome in such a way that a
copy of the chromosome instead is transferred through the
conjugation tube from donor to recipient cell (Figure).



An F element first inserts itself into the bacterial chromosome. In the
insertion process, the circular F element breaks at a particular point
and becomes a linear segment of the bacterial chromosome. An F+
cell that carries such an integrated F element is known as an Hfr cell
(Hfr stands for high frequency of recombination).



The integrated F element of Hfr cells is ordinarily replicated passively
along with the bacterial chromosome and in this way is transmitted
from one Hfr generation to the next.



This mode of transfer is similar to the round of replication that affects
the transfer of an F element in an F+→ F– conjugation



The only difference is that the transferred strand is now covalently
linked to the enormous bacterial chromosome; one strand of the
chromosome is, therefore, drawn into the F– cell as well and is copied in
the 5'→3' direction as it enters the recipient.

Figure: Diagram illustrating integration of the F element to form Hfr cell and transfer of Hfr
chromosome to an F– cell during conjugation
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