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What is molecular biology?
 Molecular biology is the study of the structure and
function of biologically important molecules including
DNA, RNA and proteins and the molecular events that
govern cell function.
 It studies macromolecules and the macromolecular
mechanisms found in living things, such as the
molecular nature of the gene and its mechanisms of
gene replication, mutation, and expression

PLANT AND ANIMAL CELL: STRUCTURE AND FUNCTION
THE CELL
 The cell is the basic unit of organization or structure of all living
matter. Within a selective and retentive semipermeable membrane,
it contains a complete set of different kinds of units necessary to
permit its own growth and reproduction from simple nutrients.
 The living part of the cell or the physiological unit is called the
protoplast.

 In a plant cell, this comprises of the cytoplasm, nucleus,
cell membranes and organelles.

 The vacuole and the cell wall constitute the nonprotoplasmic components
 The body of all living organisms (bacteria, blue green
algae, plants and animals) except viruses has cellular
organization and may contain one or many cells.

 The organisms with only one cell in their body are called
unicellular organisms (e.g., bacteria, blue green algae,
some algae, Protozoa, etc.).
 The organisms having many cells in their body are called
multicellular organisms (e.g., most plants and animals).
 There are basically two types of cells:
1) Prokaryotic, and
2) Eukaryotic cells
Any cellular organisms may contain only one type of cell from
the following types of cells.

Table 1: Differences between prokaryotic and eukaryotic cells

PLANT AND ANIMAL CELL STRUCTURE

FIG. 1A: A TYPICAL ANIMAL CELL

FIG.1B: A CROSS SECTION OF A PLANT
CELL

The outermost structure of most plant cells is a dead and rigid layer
called cell wall.
A.

Cell wall.

 Composition:
(a) Carbohydrates
(b) fatty substances like waxes.
(c) Microfibrils

(d) middle lamella.
In many plant cells, there are tunnels running through the cell wall called
plasmodesmata which allow communication with the other cells in a
tissue.

Function:
1.

Protection and mechanical support

2.

Prevents it from desiccation

3.

Shape.

4.

It forms the skeleton of the plant body and is

5.

responsible for the strength, rigidity and flexibility

B. CELL MEMBRANE
 An extremely thin and delicate membranous structure that
bounds each cell - surrounding the cytoplasm is called cell
membrane (plasma membrane, plasmalemma, or
ectoplast).
 It is a selectively permeable membrane

 It exhibits a tri-laminar structure with a translucent layer
sandwiched between two dark layers.
 At molecular level, it consists of a continuous bilayer of lipid
molecule, with protein molecules embedded in it

B. CELL MEMBRANE

 Some
carbohydrate
molecules
may
remain
attached either to protein
molecules
to
form
glycoproteins or to lipids to
form glycolipids.
 Its main function is to control
selectively the entrance and
exit of materials. This allows
homeostasis.

FIGURE 2. CELL MEMBRANE

The cell membrane performs four basic functions:
1. Mechanical Barrier: Acts as a barrier to block the movement of
substances from outside to inside the cell.
2. Selective Gate Keeper: It can facilitate the movement of
substances into or out of the cell, at it's discretion.

3. Chemical Receptor Sites: Enable the cell to determine what a
substance is (esp. in animal cells), and whether or not it should be
allowed in or out.
It can also be used to receive
information/instructions.
4. Identify Self from Non Self for Immune Function: It is able to tell
when something is out of place with it's environment and call for
help.

C. CYTOPLASM
 Cytoplasm is the gel-like substance that fills the cell outside the nucleus.
 It lies between the cell membrane
 It is composed of 85% to 90% water (by fresh weight).

 The remaining 10-15% consists of organic and inorganic substances that are
either dissolved (salts and carbohydrates) or in colloidal state (proteins and
fats
 All of the cell's organelles are held and located within the cytoplasm

 The cytoplasm is distinguished into following structures :
A.

Cytosol (Matrix). The colloidal organic fluid called matrix or Cytosol is the aqueous
portion of the cytoplasm

 It fills all the spaces of the cell
 The cytosol serves to dissolve or suspend the great variety of small molecules
concerned with cellular metabolism, e.g., glucose, amino acids, nucleotides, vitamins,
minerals, oxygen and ions.
 In all type of cells, cytosol contains the soluble proteins and enzymes which form 20 to
25 per cent of the total protein content of the cell.
 Among the important soluble enzymes present in the matrix are those involved in
glycolysis and in the activation of amino acids for the protein synthesis.

 It also contains fibres

 help to maintain cell shape and mobility
 provide anchoring points for the other cellular structures.
 Collectively……………………..cytoskeleton.
Three general classes have been identified.
1.

Microtubules : The thickest (20 nm in diameter)

 consists primarily of the tubulin protein.
 Function: transportation of water, ions or small molecules, cytoplasmic streaming
(cyclosis), and the formation of asters of the mitotic or meiotic spindle during cell
division.
 Moreover, they form the structural units of the centrioles, basal granules, cilia and
flagella.

2.
Microfilaments:
The
thinnest (7 nm in diameter)
 solid and are principally
formed of actin protein.
 They maintain the shape
of
cell
and
form
contractile component of
cells, mainly of the
muscle cells.

3. Intermediate filaments
(IFs): The fibres of middle
order (10nm in diameter)

FIGURE 3: COMPONENTS OF
CYTOSKELETON

B. Cytoplasmic structures. In the cytoplasmic matrix certain non-living
(paraplasm or inclusions) and living (organoids or organelles)
structures remain suspended.
(a) Cytoplasmic inclusions. oil drops, triacylglycerols (e.g., fat cells of
adipose tissue), yolk granules (or deutoplasm, e.g., egg cells),
secretory granules, glycogen granules and starch grains (in plant
cells).
(b) Cytoplasmic organelles. literally the word organelle means a tiny organ.
 Membranes close off at specific regions of the eukaryotic cells performing
specialized tasks:
oxidative phosphorylation and generation of energy in the form of ATP
molecules in mitochondria;

formation and storage of carbohydrates in plastids; protein synthesis
in rough endoplasmic reticulum;
lipid (and hormone) synthesis in smooth endoplasmic reticulum;
secretion by Golgi apparatus

STRUCTURE AND FUNCTION OF SOME IMPORTANT ORGANELLES

MEMBRANE-BOUND ORGANELLES

 Endoplasmic reticulum (ER).
 Nucleus
 Endoplasmic Reticulum (both SER
and RER)
 Mitochondria
 Chloroplasts (plant cells only)
 Golgi Apparatus
 Lysosomes
 Peroxisomes (also called
"microbodies" - smaller than
lysosomes and contain specific
enzymes)
 Secretory vesicles ("vesicles")
 Vacuole (plant cells only)

NON-MEMBRANOUS-BOUND
ORGANELLES

 Cell wall
 Cytoskeleton
 Centrosomes
 Cilia
 Flagella (of spermatozoa
differ from prokaryotic
flagella

1. NUCLEUS
 The nucleus is a spherical cellular
component (centrally located or to
side for plant)

 It controls all the vital activities of the
cytoplasm and carries the hereditary
material (the DNA ) in it.
The nucleus consists three structures:
(1).
Chromatin
Heterochromatin)

(Euchromatin

and

 The chromatin has its unit structures
in the form of nucleosomes.
 The chromatin binds strongly to the
inner part of nuclear lamina, a 50 to
80 nm thick fibrous lamina lining the
inner side of the nuclear envelope.

Figure 4: The Nucleus

 Nuclear lamina is made up of three types of proteins, namely lamin A, B
and C.
 Lamin proteins are homologous in structure to IF proteins and serve the
following functions:
1. They anchor parts of interphase chromatin to the nuclear membrane. They
tend to interfere with chromatin condensation during interphase of cell
cycle.
2. Lamins may play a crucial role in the assembly of interphase nuclei after
each mitosis.
b. Nuclear envelope and nucleoplasm.
 The nuclear envelope binds the nucleoplasm which is rich in those
molecules which are needed for DNA replication, transcription, regulation
of gene actions and processing of various types of newly transcribed RNA
molecules (i.e., tRNA, mRNA and other types of RNA).

C. Nucleolus

 Nucleolus is the site where ribosomes are manufactured.
 here ribosomal DNA transcribes most of rRNA molecules and these
molecules undergo processing before their step-wise addition to 70
types of ribosomal proteins to form the ribosomal sub-units

2. MITOCHONDRIA
 Mitochondria are oxygen-consuming
ribbon-shaped cellular organelles of
immense importance.
 Each mitochondrion is bounded by two
unit membranes: outer and inner
 outer mitochondrial membrane
contains porins.
 Inner mitochondrial membrane is rich
in: permeases, cristae, F particles and
mitochondrial matrix
 Site of energy generation (ATP)
 ‘‘POWER HOUSE OF THE CELL’’
FIG. 5: MITOCHONDRION

3. Endoplasmic reticulum (ER)
Within the cytoplasm of most cells is an extensive network of membrane-limited channels,
collectively called endoplasmic reticulum.
(a) Rough ER (RER)
(b) Smooth ER (SER)
Functions of smooth ER include
a.

Lipid metabolism (both catabolism and anabolism)

b.

Synthesize a variety of phospholipids, cholesterol and steroids

c.

Glycogenolysis (degradation of glycogen; glycogen being polymerized in the cytosol)

d.

Drug detoxification (by the help of the cytochrome P450) breaking down toxins in the liver

e.

Regulate calcium concentration

 Rough ER (RER): On their membranes, contain ribophorins I and
II, to which the ribosomes are attached.
 As a growing secretory polypeptide emerges from ribosome, it
passes through the RER membrane and gets accumulated in the
lumen of RER.

 Here, these polypeptide chains undergo tailoring, maturation, and
molecular folding to form functional secondary or tertiary protein
molecules.
 RER also synthesize membrane proteins and glycoproteins which
are cotranslationally inserted into the rough ER membranes.
 Thus, endoplasmic reticulum is the site of biogenesis of cellular
membranes.

NOTE: The primary function of the rough endoplasmic
reticulum is the processing and the production of specific
proteins at ribosomal sites, which will be exported later

4. GOLGI APPARATUS (COMPLEX, BODY)
 They are structures that
take the form of stacks of
membranes
 consists of a set of smooth
cisternae

 It is surrounded by spherical
membrane bound vesicles
which appear to transport
proteins to and from it.

 function to pack and modify
proteins for exportation
outside of the cell.

Fig. 6: Golgi apparatus

Golgi apparatus performs the following important functions:
1.

The packaging of secretory materials (e.g., enzymes, mucin, lactoprotein
of milk, melanin pigment, etc.) that are to be discharged from the cell.

2.

The processing of proteins, i.e.,
sulphation and selective proteolysis.

3.

The synthesis of certain polysaccharides and glycolipids.

4.

The sorting of proteins destined for various locations (e.g., lysosomes,
peroxisomes, etc.) in the cell.

5.

The proliferation of membranous element for the plasma membrane.

6.

Formation of the acrosome of the spermatozoa.

glycosylation,

phosphorylation,

5. Ribosomes
 Ribosomes are tiny spheroidal
dense particles that contains RNA
and proteins
 Ribosome granules may exist
either in the free-state in the
cytosol or attached to RER
 Ribosomes have a sedimentation
coefficient of about 80S (= 2
subunits:
 40S prolate ellipsoid shape and
 60S round in shape and contains
a channel through which growing
polypeptide chain makes its exit
FIGURE 7: RIBOSOMES

6. Cytoplasmic vacuoles
 The cytoplasm of many plant and some animal cells contains numerous
small or large-sized, hollow, liquid-filled structures, the vacuoles.
 The vacuoles of animal cells are bounded by a lipoproteinous membrane
 Function is the storage, transmission of the materials and the maintenance
of internal pressure of the cell.
 The vacuoles of the plant cells are bounded by a single, semipermeable membrane
known as tonoplast.
 These vacuoles contain water, phenol, flavonols, anthocyanins (blue and red pigment),
alkaloids and storage products, such as sugars and proteins

7. Lysosomes
 The cytoplasm of animal cells contains many tiny, spheroid or
irregular-shaped, membrane-bounded vesicles known as
lysosomes.
 The lysosomes are originated from Golgi apparatus and contain
numerous hydrolytic enzymes for intracellular and extracellular
digestion.
 They digest the material taken in by endocytosis (such as
phagocytosis, endocytosis and pinocytosis),parts of the cell (by
autophagy) and extracellular substances.
 The lysosomes of plant cells are membrane-bounded storage
granules containing hydrolytic digestive enzymes, e.g., large
vacuoles of parenchymatous cells of corn seedlings, protein or
aleurone bodies and starch granules of cereal and other seeds.

IN CONCLUSION/SUMMARY
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 Two general tasks must be accomplished in all living cells in order to multiply;
 The double stranded DNA must be duplicated before cell division so that its encoded
information can be passed on to future generation (this is the process of DNA replication);

 Also the information encoded by the DNA must be deciphered so that the cell can
synthesize the necessary gene product at appropriate time.
 Gene expression involve two interrelated processes: transcription and translation.

 Transcription: copies the information encoded in DNA into a slightly different molecule of
RNA which serves as a transitional temporary form of genetic information and it is the one
that is actually deciphered.
 Translation: interprets the information carried by RNA to synthesize the encoded protein.
 The flow of information from DNA to RNA to protein is referred to as the central dogma of
molecular biology.

COMPOSITION OF DNA
 A single strand of DNA is composed of a series of deoxyribonucleotide subunits more
commonly called nucleotides. These are joined in a chain by a covalent bond between
the 5’ po4 group of one nucleotide and the 3′OH group of the next.
 Note: the designation 5’ and 3’ refer to the numbered carbon atoms of the pentose
sugar of the nucleotide.
 Joining of the nucleotide in this manner creates a series of alternating sugar and
phosphate moieties called sugar-phosphate backbone.
 Connected to each sugar is one of the nitrogenous bases A,T,G or C. because of the
chemical structure of the nucleotide and how they are joined, a single strand of DNA will
always have a 5’ PO4 group at one end and 3’ OH group at the other end ( called 5’ end
and 3’ end).

Figure 1: structure of nucleotide

Figure 2: A DNA STRAND

PHYSICO-CHEMICAL STRUCTRE OF DNA
The DNA in a cell usually occurs as a doublestranded helical structure.

With the two stands held together by weak
hydrogen bonds between the nitrogenous bases
of the opposing strand.
The duplex structure of the double-stranded DNA
is quite stable because of the sheer number of
bonds that occurs along its length.
This structure denatures and separates readily
into single-stranded pieces (denaturing) with
each fragment having a corresponding hydrogen
bonds.

 The two strands of double-stranded DNA are complementary in that where ever an
adenine A is in one strand a thymine is on the other strand
 These two opposing nucleotides (A-T) are held together by two hydrogen bonds between
them


similarly, wherever a cytosine is on one strand a guanine is in the other strand and they
are held together by formation of three hydrogen bond which have slightly stronger
attraction than that of an A: T pair.

Figure 3: DNA Base Pairs. DNA complementary base pairing showing the
hydrogen bonds (. . .).

 The characteristics bonding of A to T and G to C are called base pairing and it is
fundamental to the functionality of DNA.
 Because of the base pairing rules, one strand can always be used as a template for the
synthesis of the complementary opposing strand.
 As earlier said “the two strands of DNA in the double helix are complementary, but they
are also antiparallel-that is, they are oriented in opposite directions with one strand
oriented in the 5’ to 3’ directions and its compliment is oriented in the 3’-5’direction.
 This is an important implication in the function and synthesis of nucleic acid.

Figure 4: Double Helix of DNA

COMPOSITION OF RNA
 RNA is in many ways comparable to DNA, but with some important exceptions. One
difference is that RNA is made up of ribonucleotides rather than deoxyribonuleotides
although in both cases these are usually referred to as nucleotides.
 Another distinction is that RNA contains the nitrogenous base “Uracil” in place of thymine
found in DNA.
 Like DNA, RNA consists of a sequence of nucleotides, but it exists usually as a singlestranded linear molecule that is much shorter than DNA.
 A fragment of RNA (transcript) is synthesized using a region of one of the two strands of
DNA as template.
 In making a transcript, the same base-pairing rules of DNA apply except that Uracil rather
than thymine base pairs with adenine. This base-pairing is only transient, however and the
molecule quickly leaves the DNA template.

 Numerous different RNA transcript can be generated from a single chromosome using
specific regions as templates. Either strand may serve as template, but only one of the
two strand is generally transcribed as a result, two complementary strands of RNA are
not normally generated.
 There are three different functional groups of RNA molecules, each one transcribed from
different genes. Most of the genes encodes proteins and are transcribed into messenger
RNA which are translated during synthesis protein.

Figure 5a: structure of Ribonucleotides

Figure 5b: RNA strand

THE THREE GROUPS OF RNA
1. Messenger RNA (mRNA)
 The mRNA is a temporary copy of the genetic information; it carries encoded instructions
for synthesis of a specific polypeptide.
 That information is deciphered using the genetic code

2. Transfer RNA
 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.
 This recognition is made possible because each tRNA has an anticodon (three
nucleotides complementary to a particular codon in the mRNA, it allows the tRNA to
recognize and bind to the appropriate codon).

3. Ribosomal RNA (rRNA)

 Ribosomes serve as the site of translation and their structure facilitates the joining of one
amino acid to another. Ribosomes brings each amino acid into a favorable position so
that an enzyme can catalyze the formation of a peptide bond between them.
 The ribosome also helps to identify key punctuation sequence on the mRNA molecules
such as the point at which protein synthesis should be initiated.
 The ribosome moves along the mRNA in the 5’ to 3’ direction presenting each codon in a
sequential order for deciphering while maintaining the correct reading frame.
 In bacteria the ribosome is composed of a 30S unit and 50S subunit-made up of proteins
(S=sverdbreg unit-unit of size).

Figure 6: Ribosomal subunits

EVIDENCE OF DNA AS THE GENETIC MATERIAL
DNA as Genetic Material
 The early work of Fred Griffith in 1928 on the transfer of virulence in the pathogen
Streptococcus pneumoniae set the stage for the research that first showed that DNA was
the genetic material.
 Griffith found that if he boiled virulent bacteria and injected them into mice, the mice
were not affected and no pneumococci could be recovered from the animals.
 When he injected a combination of killed virulent bacteria and a living non virulent strain,
the mice died;
 moreover, he could recover living virulent bacteria from the dead mice.
 Griffith called this change of non virulent bacteria into virulent pathogens transformation.
(Figure 7)

Figure 7: Griffith’s Transformation Experiments. (a) Mice died of pneumonia when injected with pathogenic strains of S pneumococci,
which have a capsule and form smooth-looking colonies. (b) Mice survived when injected with a non pathogenic strain of R
pneumococci, which lacks a capsule and forms rough colonies. (c) Injection with heat-killed strains of S pneumococci had no effect. (d)
Injection with a live R strain and a heat-killed S strain gave the mice pneumonia, and live S strain pneumococci could be isolated from
the dead mice.

DNA DENATURATION/RENATURATION
 DNA denaturation also called DNA melting is a process in which DNA lose its structure
which is present in their native state, by application of some external stress or
compound such as a strong acid or base, a concentrated inorganic salt, an organic
solvent (e.g., alcohol or chloroform), radiation or heat.

 The denaturation of nucleic acids such as DNA due to high temperatures results in the
separation of a double strand into two single strands, which occurs when the hydrogen
bonds between the strands are broken.

APPLICATIONS OF DNA DENATURATION
1. The process of DNA denaturation can be used to analyse some aspects of DNA.

2. DNA denaturation can also be used to detect sequence differences between two different
DNA sequences.

3. On a genomic scale, the method has been used by researchers to estimate the genetic
distance between two species, a process known as DNA-DNA hybridization.
4. Denaturation can also be used to determine the melting temperature of a DNA in a cell,
this DNA melting temperatures can also be used as a proxy for equalizing the hybridization
strengths of a set of molecules, e.g. the oligonucleotide probes of DNA microarrays.

CONDITIONS FAVOURING DENATURATION INCLUDE:
 High temperature (breaks weak hydrogen bonds holding base pairs together, but not the
strong phosphodiester bonds).
 Low salt concentrations. (DNA is a polyanionic molecule. High salt concentrations
"shield" the negative charges on each phosphate. When the charges are not shielded in
low salt concentrations, the electrostatic repulsion of the negatively charged strands
makes it energetically more favourable to separate the strands.)
 High (basic) pH (also breaks hydrogen bonds).

METHODS OF DNA DENATURATION

There are two basic approaches to denaturing doublestranded DNA

1. Physical method (heating, beads mill, and sonication)
2. Chemical method (NaOH, Dimethyl Sulfoxide, Formamide)
The application of any of this approach leads to denaturation
and the agents of denaturation are called denaturants

DNA RENATURATION
 Renaturation in molecular biology refers to the reconstruction of a protein or
nucleic acid (such as DNA) to their original form especially after denaturation.
 This process is therefore the inverse of denaturation

ALTERNATE FORMS OF DNA
Introduction
 Alternate forms of DNA, simply means that DNA can occur in different
dimensional forms.
 Many significant deviations from the Watson-Crick DNA structure are
found in cellular DNA, some or all of which may play important roles in
DNA metabolism.
 This deviation is possible because of the flexibility of DNA.
 Considerable rotation is possible around a number of bonds in the
sugar–phosphate backbone, and thermal fluctuation can produce
bending, stretching, and unpairing (melting) of the strands.
NOTE: These structural variations generally do not affect the key properties
of DNA defined by Watson and Crick: strand complementarity, antiparallel
strands, and the requirement for AT and GC base pairs.

 There are about five alternate forms of DNA besides B-DNA and they are :
 A, C, D, E, and Z but only two structural variants (the A and Z forms) have been well
characterized in crystal structures.

 These different types of DNA differ in number of base pairs per turn, pitch,
angle, diameter of Helix and handed ness etc

B-DNA
 This is the term given to the right-handed DNA helix that is the most common form of DNA.
 They are double helix made of two antiparallel strands that are held together via hydrogen
bonding in the A-T and G-C base pairs (bp)
 One helical turn of B-DNA contains about 10.5bps that are buried inside the helix and are
almost perpendicular to the helical axis.
 It exist as a cylinder of 20Å in diameter with two grooves, a major and minor grooves,
spiralling around the cylinder.

A-DNA
 The A form is favoured in many solutions that are relatively devoid of water (i.e. under
conditions of low humidity)
 The DNA is still arranged in a right-handed double helix, but the helix is wider and the
number of base pairs per helical turn is 11, rather than 10.5 as in B-DNA.
 The plane of the base pairs in A-DNA is tilted about 20 with respect to the helix axis.
 These structural changes deepen the major groove while making the minor groove
shallower.
 The reagents used to promote crystallization of DNA tend to dehydrate it, and thus most
short DNA molecules tend to crystallize in the A form.

 The major importance of the A-form is that it is the helix formed by RNA, and by DNA-RNA
hybrids; it turns out that it is impossible to fit the 2’OH of the RNA into what will otherwise
be the more stable B-form.

Z-DNA
 Z-form DNA is a more radical departure from the B structure; the most obvious distinction is the
left handed helical rotation.
 There are 12 base pairs per helical turn, and the structure appears more slender and
elongated.
 The DNA backbone takes on a zigzag appearance. Certain nucleotide sequences fold into left
handed Z helices much more readily than others.
 Prominent examples are sequences in which pyrimidines alternate with purines, especially
alternating C and G or 5-methyl-C and G residues.
 To form the left-handed helix in Z-DNA, the purine residues flip to the syn conformation,
alternating with pyrimidines in the anti conformation.
 The major groove is barely apparent in Z-DNA, and the minor groove is narrow and deep

TABLE: SUMMARY OF THE MAJOR FEATUES OF A, B, AND Z NUCLEIC ACID HELICES
A-form

B-form

Z-form

Helical sense

Right handed

Right handed

Left handed

Diameter

~2.6nm

~2.0nm

~1.8nm

Base pairs per helical
turn (n)

11

10

12(6dimers)

Helical twist per base
bp (= 360/n)

330

360

600
(per dimer)

Helical rise per bp (h)

0.26nm

0.34nm

4.5nm

Helix pitch(= nh)

2.8nm

3.4nm

4.5nm

Base to the helix axis

200

60

70

Major groove

Narrow/deep

Wide/deep

flat

Minor groove

Wide/shallow

Narrow/deep

Narrow/deep

Glycosylic bond

anti

anti

Anti (pyr)
Syn (pur)

DNA REPLICATION

MECHANISM OF DNA REPLICATION
 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 (since each new double helix
retains one of the two strands of the original strands (the template) and one newly synthesized
strand, thus the two cell produces have one of the original strand of the DNA paired with a new
complementary strand.

Initiation
 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).
 The binding of the enzyme causes localized denaturation or melting of a specific region
within the replicon.
 The DnaA protein binds to oriC while hydrolyzing ATP. This leads to the initial unwinding of
double-stranded DNA at the initiation site.
 The tension generated by unwinding is relieved, and the unwinding process is promoted
by enzymes known as topoisomerases.

 These enzymes change the structure of DNA by transiently breaking one or two strands
in such a way that it remains unaltered as its shape is changed (e.g., a topoisomerase
might tie or untie a knot in a DNA strand).
 Further unwinding occurs through the activity of the DnaB protein, a helicase, which
breaks the bond in-between the strands and separates the double stranded molecule to
form a “Y” shape.
 The two advancing Y shaped regions is where active replication occurs this point is
called the replication fork (site of active replication).

Figure 13a: Initiation stage: (1) DNA gyrase, helicases, and single-stranded DNA
binding proteins (SSBs) unwind DNA to produce a single-stranded stretch

Elongation
 Elongation involves DnaB helicase unwinding, SSB binding to keep strands separated,
and DNA polymerases.

 The DNA polymerases are enzymes that are in the replisome that synthesize DNA; It
also has endonuclease activity and removal of RNA primer in its front
 The DNA polymerases III (Holoenzyme) is involve in the synthesis and addition of new
nucleotides both in the leading and lagging strand.
 The enzyme can only add nucleotide onto a 3’OH end. The synthesis of the new strand
(by DNA polymerase III) proceeds continuously in the 5′PO4 to 3′OH (template is read in
the 3’-5’) direction as a single strand template DNA is exposed.
 The continuous growing strand is called the leading strand. On this strand there is
always a free 3’OH at the replication fork 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 at the replication fork 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
 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(short
stretch of DNA made by DNA polymerase III).

 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, which forms a phosphodiester
bond between the 3′-hydroxyl of the growing strand and the 5′-phosphate of an Okazaki
fragment
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 stops randomly when the forks meet.

Figure 13b: the replication fork- highlighting the key steps in DNA synthesis (processes of replication)

INHIBITORS OF DNA REPLICATION
Inhibitors of nucleic acid synthesis have various effect:

1.

Some block the synthesis of nucleotide precursors or their polymerization

2.

Some are incorporated as nucleotide analogues into DNA

3.

Others interfere with the template functions by binding, modifying or degrading DNA.

4.

Other bind and inactivate the replication proteins/enzymes

5.

In addition physical agents such as uv light, x-rays and γ-rays inhibit replication by
damaging DNA

A. Inhibitors of nucleotide biosynthesis include:
 Azaserine and 6-diazo-5-oxo-l-norleucine (DON) analogue of glutamine, they inhibit three
reaction in purine biosynthesis but their activities in inhibiting cell growth or division arise
primarily from inhibition of Formylglycinamide ribonucleotide amido transferas.
 As diazo keto compound, they resemble diazomethane in chemical reactivity. They form
covalent bond with cysteine residue in the active site and inhibit cytidine triphosphate
synthetase.

 Analogues of purine and pyrimidine bases as nucleotides may inhibit reactions of nucleotide
biosynthesis when converted to dNTPs, they also maybe incorporated into DNA and interfere
with its function
 E.G. 6-Mercptopurine (6-Mp) and 6-thioguanine (6-TG) are analogues of hypoxanthine and
guanine in which sulphur replaces oxygen at position 6.
 The incorporation of 6-Mp or 6-TG into DNA is an important feature in their use in cancer
treatment.

B. NUCLEOTIDE ANALOGS INCORPORATED INTO DNA OR RNA
 Certain analogues of the NTPs modified in the sugar or base, are accepted by polymerases for
paring with the DNA template and are incorporated into nucleic acid, but subsequently block further
chain growth or interfere with the nucleic acid function.

 For examples:
a) those involve in chain termination; 2,3-dideoxyribonucleoside if converted to the triphospate ddNTP
are incorporated into DNA at a very slow rate.
 This occur at a subsequent stage of the reaction when the analog proves inadequate as a primer for
the next polymerization reaction.
 Because the analog lacks a 3’OH group, proofreaading excision of the analog is exceedingly slow
and thus the block of chain growth is maintained.
 Cordycepin triphospate (3’-deoxyATP) inhibit chain elongation in DNA and RNA polymerases by
generating an inactive primer terminus

b) Those involve in defective nucleic acid: incorpporation of uracil into DNA by way of dUTP probably
occurs to a significant extent under normal circumstances and can be extentive when the ratio of dUTP
to TTP is elevated.

C. INHIBITORS OF THE REPLICATION PROTEINS/ENZYMES
 Novobiocin and Nalidixic acid: inhibits bacterial DNA Gyrase (Type II Topoisomerase).
 Ciprofloxacin interferes with DNA breakage and re-joining process by inhibiting the
enzymes topoisomerase II (DNA gyrase) and topoisomerase IV which are required for
bacterial DNA replication, transcription, repair, and recombination.
 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.

 Quinolones: Quinolones exert their antibacterial effect by preventing bacterial DNA from
unwinding and duplicating.

 The majority of quinolones in clinical use are fluoroquinolones, which have a fluorine
atom attached to the central ring system, typically at the 6-position or C-7 position.
 The First and second generation fluoroquinolones selectively inhibit the topoisomerase
II ligase domain, leaving the two nuclease domains intact.
 This modification, coupled with the constant action of the topoisomerase II in the
bacterial cell, leads to DNA fragmentation via the nucleasic activity of the intact enzyme
domains.
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4.0 GENE REGULATION
 For microorganisms to cope with changing conditions in their environment, they have
devised elaborate control mechanisms to synthesize the maximum amount of cell
material from a limited supply of energy.
 This is important because, for microorganisms to be successful in an environment they
must reproduce more rapidly than its competitors.
 E.g. E.coli. the most energy efficient strategy, however is to control the actual
synthesis of the enzymes, making only what is required, to do this , cells have the
ability to control expression of certain genes.
 The processes of doing this is called gene regulation.

GENE REGULATION refers to the processes that cells use to turn the
information on genes into functional gene product (Protein)

This control of activity of the gene is by operon

4.0. OPERON
 Operon is a set of adjacent genes coordinately controlled by
a regulatory proteins transcribed into a single message.
 It is a functioning unit of DNA containing a cluster of genes
under the control of a single promoter

4.1. AN OPERON IS MADE UP OF 4 BASIC DNA COMPONENTS:

 Promoter*
 Regulator*

– These genes control the operator gene in cooperation with certain
compounds called inducers and co-repressors present in the cytoplasm.

 Operator* – a segment of DNA that a repressor binds to.
 Structural genes* – the genes that are co-regulated by the operon.

FIGURE 1: GENERALIZED STRUCTURE OF OPERON

4.2 TYPES OF OPERON
4.21 THE LAC OPERON
4.2.2 THE TRP OPERON
THE LAC OPERON

4.2.1. THE LAC OPERON

Figure 2: lac operon

 The lac operon was the first operon to be discovered and provides a
typical example of operon function.
 It consists of three adjacent structural genes, a promoter and an
operator.
 The lac operon is regulated by several factors especially the availability
of glucose and lactose

4.2.1.1 EFFECT OF LACTOSE ON THE CONTOL OF LAC OPERON
 When lactose is unavailable the lac operon employs a repressor that prevent
transcription of the genes. The repressor binds to the operator effectively blocking
transcription.

 But when lactose is present in the cell, however, some molecules of the lactose are
converted into a compound called allolactose which binds to the repressor, altering its
shape so that it can no longer bind to the operator; thereby allowing RNA polymerase to
bind and cause transcription.

4.2.1.2. EFFECT OF GLUCOSE ON THE CONTROL OF LAC OPERON
 When glucose and lactose is plenty in the cell, (organisms e.g. E.coli prefentially uses
glucose, over other sugars like lactose (evidence in sugar ultilization test).

 So in a medium containing glucose and lactose, cell grow actively metabolizing only
glucose until it is exhausted; growth then ceased for short period then later begin
utilizing lactose. At this point the cell start multiplying again. This shows that the glucose
has ability to repress the enzyme of lactose degradation and the process is called

catabolite repression.

 catabolite repression: (CAP & cyclic AMP (cAMP).

 CAP has an affinity for the promoter region of the lac operon, and unless CAP is bound to
that region, RNA polymerase will not bind to the promoter, and transcription will not occur.

 In order to bind to the promoter, CAP must first be combined with a molecule called cyclic
AMP (cAMP), which is produced from ATP through the action of the enzyme adenyl cyclase.

 The presence of high levels of glucose in the cell inhibits the activity of adenyl cyclase, thus
reducing the production of cAMP. By reducing the level of cAMP in the cell, glucose thus
reduces the level of CAP. With the reduction of CAP, and its unavailability for binding to the
Promotor of the lac operon, activity of that operon is repressed

G+, L-

G+&L+

G-,L-

G-,L+

FIGURE: EFFECT OF GLUCOSE ON THE CONTROL OF LAC OPERON

4.2.2 THE TRP OPERON

Figure: Structure of the trp operon

 In the trp operon, tryptophan binds to the repressor and enables it to repress
gene transcription. (i.e. the Trp operon is inhibited by tryptophan.
 unlike the lac operon, the trp operon contains a leader peptide and an
attenuator sequence which allow regulation.

BASIC REGULATORY PROCESS OF TRP OPERON
 When the cell is not in need of the amino acid (tryptophan) as a result of
excess of it in the system, the cell need not to produce or synthesize
more of it, so it send signal to regulatory gene which produces the
repressor (repressor protein) which is inactive in the cell.
 As the repressor is produced, the tryptophan will bind to it activating it.
 This active repressor have an affinity for the operator so it binds to the
operator and prevent the movement of RNAp which results in blocking
transcription thereby switching off the trp operon and all the enzymes
that synthesizes it

 When the tryptophan is lacking and the cell needs it again
 The tryptophan will diffuse off from the repressor and this will cause a
change in the shape of the repressor
 This altered shaped repressor losses it affinity for operator and the falls
off allowing RNAp to carry out transcription until tryptophan
concentration becomes high enough to turn off the regulatory gene again

 Because the product of the operon is involved in the turning off of the
genes that allow the cell to make it, it is called co-repressor.

Basic regulatory process of trp operon
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BACTERIAL PLASMIDS
 Plasmids are small double-stranded DNA molecules, usually circular, that can exist
independently of host chromosomes and are present in many bacteria (they are also
present in some yeasts and other fungi).
 In essence plasmids, like viruses are clusters of gene with the capacity to replicate.
 They have their own replication origins and are autonomously replicating and stably
inherited.
 Plasmids and bacterial chromosomes are separate replicons.
 Plasmids have relatively few genes, generally less than 30.

 Their genetic information is not essential to the host, and bacteria that lack them usually
function normally.

 Characteristically, plasmids can be eliminated from host cells in a process known as
curing.
 Curing may occur spontaneously or be induced by treatments that inhibit plasmid
replication while not affecting host cell reproduction. The inhibited plasmids are slowly
diluted out of the growing bacterial population.


Some commonly used curing treatments are acridine mutagens, UV and ionizing
radiation, thymine starvation, and growth above optimal temperatures.

CHARACTERISTICS OF BACTERIAL PLASMID
They are responsible for:


Resistance to heavy metals and irradiation

 The production of restriction endonucleases

 The metabolism of various compounds such as camphor and toluene.
 Tumour induction in plants e.g. the crown gall tumours in dicotyledons results from a
plasmid carried by the bacterium Agrobacterium tumefaciens into plant chromosome
 Like viruses plasmids provide important windows into the replication mechanisms of host
cell.
Dispensable for cell survival, these small easily manipulatable templates are attractive
alternatives to the chromosome for the study of DNA replication.

CLASSIFICATION
A. Plasmids may be classified in terms of their mode of existence and spread.
(a). An episome is a plasmid that can exist either with or without being integrated into the
host’s chromosome.
(b). Conjugative plasmids, have genes for pili and can transfer copies of themselves to other
bacteria during conjugation.

 This requires functions specified by the tra (transfer) and mob (mobilising) regions carried
on the plasmid.
(c) .Plasmids that utilize bacterial chromosomal origin (oriC plasmids), the phage  origin (dv
plasmid) and yeast ARS element, are useful in the study of replication due to their
manageable size and dispensability for cell growth.

(d). Non-conjugative plasmids are not self transmissible but may be mobilised by a
conjugation-proficient plasmid if their mob region is functional.

B. A further classification is based on the number of copies of the plasmid found in the host
cell, a feature known as the copy number.
(a).Low-copy-number plasmids tend to exhibit stringent control of DNA replication, with
replication of the pDNA closely tied to host cell chromosomal DNA replication.
(b). High copy- number plasmids are termed relaxed plasmids, with DNA replication not
dependent on host cell chromosomal DNA replication.
 In general terms, conjugative plasmids are large, show stringent control of DNA
replication, and are present at low copy numbers, whilst non-conjugative plasmids are
small, show relaxed DNA replication, and are present at high copy numbers.

TYPES OF BACTERIAL PLASMID
1.

Fertility Factors

 A plasmid called the fertility or F factor plays a major role in conjugation in bacteria
and was the first to be described
 The F factor is about 100 kilobases long and bears genes responsible for cell
attachment and plasmid transfer between specific bacterial strains during
conjugation.
 Most of the information required for plasmid transfer is located in the tra operon,
which contains at least 28 genes. Many of these direct the formation
of sex pili that
_
+
attach the F cell (the donor cell containing an F plasmid) to an F cell.
 The F factor also has several segments called insertion sequences that assist
plasmid integration into the host cell chromosome.

 Thus the F factor is an episome that can exist outside the bacterial chromosome or
be integrated into it

2. Resistance Factors (R plasmids)
 This is a type of plasmid that often confer antibiotic resistance on the bacteria that
contain them.

 R factors or plasmids typically have genes that code for enzymes capable of destroying
or modifying antibiotics.
 They are not usually integrated into the host chromosome.
 Some R plasmids have only a single resistance gene, whereas others can have as many
as eight.

 Often the resistance genes are within a transposon and thus it is possible for bacterial
strains to rapidly develop multiple resistance plasmids.

3. Col Plasmids
 Bacteria also harbour plasmids with genes that may give them a competitive advantage in
the microbial world.
 Col plasmids contain genes for the synthesis of bacteriocins known as colicins, which are
directed against E. coli
 Bacteriocins are bacterial proteins that destroy other bacteria. They usually act only against
closely related strains.

 Bacteriocins often kill cells by forming channels in the plasma membrane, thus increasing
its permeability. They also may degrade DNA and RNA or attack peptidoglycan and weaken
the cell wall.
 Some Col plasmids are conjugative and also can carry resistance genes

4.VIRULENCE PLASMIDS
 This type of plasmid makes their hosts more pathogenic because the bacterium is better
able to resist host defence or to produce toxins.
 For example, enterotoxigenic strains of E. coli cause traveler’s diarrhea because of a
plasmid that codes for an enterotoxin
Virulence Plasmids and Disease
 Shigella contain virulence plasmids that code for special cell wall antigens and other
factors enabling them to enter and destroy epithelial cells.
 Some E. coli strains can invade the blood and organs of a host, causing a generalized
infection.
 These pathogens often have ColV plasmids and produce colicin V.

 The ColV plasmid carries genes for two virulence determinants.


One product increases bacterial resistance to host defense mechanisms involving
complement.

 The other plasmid gene directs the synthesis of a hydroxamate that enables E. coli to
accumulate iron more efficiently from its surroundings.
 Since iron is not readily available in the animal host, but is essential for bacterial growth,
this is an important factor in pathogenicity.
 Several other pathogens carry virulence plasmids. Some Staphylococcus aureus strains
produce an exfoliative toxin that is plasmid borne.
 The toxin causes the skin to loosen and often peel off in sheets, leading to the disease
staphylococcal scalded skin syndrome.
 Other plasmid-borne toxins are the tetanus toxin of Clostridium tetani and the anthrax
toxin of Bacillus anthracis.

5. Metabolic plasmids
 carry genes for enzymes that degrade substances such as aromatic compounds
(toluene),pesticides (2,4-dichlorophenoxyacetic acid), and sugars (lactose).
 Metabolic plasmids even carry the genes required for some strains of Rhizobium to
induce legume nodulation and carry out nitrogen fixation.

TYPES OF BACTERIAL PLASMIDS
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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

