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Lec1 Virology 2024-2025

Introduction to virology
History of virology:-
1796:

Edward Jenner (1749-1823) used cowpox to vaccinate against smallpox. In 1774, a
farmer named Benjamin Jesty had vaccinated his wife and two sons with cowpox
taken from the udder of an infected cow and had written about his experience. Jenner
was the first person to deliberately vaccinate against any infectious disease, i.e. to
use a preparation containing an antigenic molecule or mixture of such molecules
designed to elicit an immune response. Although Jenner is commonly given the
credit for vaccination, variolation, the practice of deliberately infecting people with
smallpox to protect them from the worst type of the disease, had been practised in
China at least two thousand years previously.

1885:

Louis Pasteur (1822-1895) experimented with rabies vaccination, using the term
"virus" (Latin, poison) to describe the agent. Although Pasteur did not discriminate
between viruses and other infectious agents, he originated the terms "virus" and
"vaccination" (in honour of Jenner) and developed the scientific basis for Jenner's
experimental approach to vaccination.

1886:

John Buist (a Scottish pathologist) stained lymph from skin lesions of a smallpox
patient and saw "elementary bodies" which he thought were the spores of
micrococcl. These were in fact smallpox virus particles - just large enough to see
with the light microscope.

1892:

Dmiti Iwanowski (1864-1920) described the first "filterable" infectious agent -
tobacco mosaic virus (TMV) - smaller than any known bacteria. Iwanowski was the
first person to discriminate between viruses and other infectious agents, although he
was not fully aware of the significance of this finding.

1898:
Martinus Beijerinick (1851-1931) extended Iwanowski's work with TMV and



formed the first clear concept of the virus "contagium vivum fluidum" - soluble
living germ. Beijerinick confirmed and extended Iwanowski's work and was the
person who developed the concept of the virus as a distinct entity.

1915:
Frederick Twort (1877-1950) discovered viruses infecting bacteria.
1917:

Felix d'Herelle (1873-1949) independently discovered viruses of bacteria and coins
the term bacteriophage. The discovery of bacteriophages provided an invaluable
opportunity to study virus replication at a time prior to the development of tissue
culture when the only way to study viruses was by infecting whole organisms.

1935:

Wendell Stanley (1887-1955) crystallized TMV and showed that it remained
infectious ( Nobel Prize, 1946). Stanley's work was the first step towards describing
the molecular structure of any virus and helped to further illuminate the nature of
viruses.

1938:

Max Theiler (1899-1972) developed a live attenuated vaccine against yellow fever (
Nobel Prize, 1951). Theiler's vaccine was so safe and effective that it is still in use
today! This work saved millions of lives and set the model for the production of
many subsequent vaccines.

1940:

Helmuth Ruska (1908-1973) used an electron microscope to take the first pictures
of virus particles. Along with other physical studies of viruses, direct visualization
of virions was an important advance in understanding virus structure.

1945:

Salvador Luria (1912-1991) and Alfred Hershey (1908-1997) demonstrated that
bacteriophages mutate ( Nobel Prize, 1969). This work proved that similar genetic
mechanisms operate in viruses as in cellular organisms and laid the basis for the
understanding of antigenic variation in viruses. During the last few decade much
information have been gathered on isolation and culture of viruses, replication
processes, preparation of maps, immunization processes, genetic engineering,
molecular biology, vaccine development, etc.



What is a virus?

Virus is a parasite in all types of organisms. They infect animals, plants,
bacteria, algae, insects, etc. So far the exact nature of viruses is unclear whether they
are living or non living organisms. If we look into life, it is a complex set of processes
taking place through the action of proteins controlled by nucleic acid. The nucleic
acid of the living organism is functional in all time. Outside the living cell, viruses
remain inactive. Therefore, they cannot be said as living organism. In addition, if we
consider the diseases caused by them they act as pathogen against bacteria, fungi,
protozoa, etc. So from this angle viruses may be regarded as exceptionally simple
living organism or as exceptionally complex aggregation or non- living chemicals,
then how may viruses be defined. Viruses (The word is from the Latin virus referring
to poison and other noxious substances) are small, filterable and obligate
intracellular parasite requiring a living host for its multiplication; however both of
these properties are shared by certain small bacteria and rickettasias. Viruses consist
of two or three parts:

a) All viruses have genes made from either DNA or RNA, long molecules that
carry genetic information.

b) All have a protein coat that protects these genes.

c) Some have an envelope of fat that surrounds them when they are outside a cell.
Viruses have few or no enzymes of their own metabolism; they take over the
metabolic machinery of the host cells.

Origins of viruses:

Viruses are found wherever there is life and have probably existed since living
cells first evolved. The origin of viruses is unclear because they do not form

fossils, so molecular techniques have been the most useful means of investigating
how they arose. These techniques rely on the availability of ancient viral DNA or
RNA, but, unfortunately, most of the viruses that have been preserved and stored in
laboratories are less than 90 years old. There are three main hypotheses that try to
explain the origins of viruses:

1) Regressive hypothesis

Viruses may have once been small cells that parasitized larger cells. Over time, genes
not required by their parasitism were lost. The bacteria rickettsia and chlamydia are
living cells that, like viruses, can reproduce only inside host cells. They lend support



to this hypothesis, as their dependence on parasitism is likely to have caused the loss
of genes that enabled them to survive outside a cell. This is also called the
degeneracy hypothesis.

2) Cellular origin hypothesis

Some viruses may have evolved from bits of DNA or RNA that "escaped" from the
genes of a larger organism. The escaped DNA could have come from plasmids
(pieces of naked DNA that can move between cells) or transposons (molecules of
DNA that replicate and move around to different positions within the genes of the
cell). Once called "jumping genes", transposons are examples of mobile genetic
elements and could be the origin of some viruses. They were discovered in maize by
Barbara McClintock in 1950. This is sometimes called the vagrancy hypothesis.

3) Co-evolution hypothesis

Viruses may have evolved from complex molecules of protein and nucleic acid at
the same time as cells first appeared on earth and would have been dependent on
cellular life for many millions of years. Viroids are molecules of RNA that are not
classified as viruses because they lack a protein coat. However, they have
characteristics that are common to several viruses and are often called subviral
agents. Viroids are important pathogens of plants. They do not code for proteins but
interact with the host cell and use the host machinery for their replication. The
hepatitis delta virus of humans has an RNA genome similar to viroids but has protein
coat derived from hepatitis B virus and cannot produce one of its own. It is therefore
a defective virus and cannot replicate without the help of hepatitis B virus. Similarly,
the virophage 'sputnik' is dependent on mimivirus, which infects the protozoan
Acanthamoeba castellanii. These viruses that are dependent on the presence of other
virus species in the host cell are called satellites and may represent evolutionary
intermediates of viroids and viruses.

Definitions:

Virology: the science that deals with the study of viruses as causative agents of very
important diseases that occurs in human, animals, plants and other living organisms
(insects, bacteria,...).

Viruses: They are the smallest and simplest form of life on earth, which can replicate
only in living susceptible cells. Viruses consist of :

1.A nucleic acid genome either DNA or RNA.
2.A protein coat (capsid) that enclosed the genome.

3.In some cases a lipid membrane (envelope).



Virion: A complete infectious virus particle.
General characters of viruses:

1. Virus particles are very small in size; they are between 20-500 nm (nanometer) in
diameter. 1 nm = 1/1000 pm, 1 pum=1/1000 mm.

2. Viruses are obligatory intra cellular microorganisms.

3. Multiply inside the cells by replicating their genomes which either DNA or RNA,
but not both.

4. The virus dose not contain any organelles (ribosomes, t RN A, metabolic enzymes,
etc), but they depend on infected cells to provide all their needed organelles.

5. Virus does not affect with antibiotics.
6. Most viruses sensitive to interferon.

7. Viruses can not grow on artificial media, but only in living cells (specific host,
Lab. Animals, chicken embryonated eggs & tissue culture).

8. Some viruses cause latent infection.

9. Viruses can not be seen by ordinary microscope, but only by Electron microscope
(EM).

Note Book;

According to size, viruses can classify beginning from the largest and more
complex microorganisms as following protozoa, yeast, bacteria, mycoplasma,
rickettsiae, chlamydia & virus.
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Lec 2 Virology 2025-2026
Morphology of Viruses:
1) Shape
Viruses are of different shapes such as spheroid or cuboid (adenoviruses),
elongated (potato viruses), flexuous or coiled (beet yellow), bullet shaped (rabies
virus), filamentous (bacteriophage M13), pleomorphic (alfalfa mosaic), etc.
2) Size
Viruses are of variable size. Sizes vary from 20 nm to 300 nm in diameter. They
are smaller than bacteria; some are slightly larger than protein and nucleic acid
molecules and some are about of the same size (small pox virus) as the smallest
bacterium and some virus ( virus of lymphogranuloma, 300-400 um) are slightly
larger than the smallest bacterium.
3) Viral structure

Virion: complete infectious virus particle, consists of nucleic acid core
surrounded by a protective coat of protein called a capsid. These are (capsid)
formed from identical protein subunits called capsomers. The complete set of
virion is known nucleocapsid. In turn the nucleocapsid may be naked or enveloped
by a loose covering (figure 1).
Viral proteins:

Protein coat which encloses the viral genome called capsid which consists of
protomers that accumulated to give pentan or hexan forms producing the
capsomers which protect the viral Nucleic Acid and have surface characters acts to
attach the virus on host cells then penetration, also it contains antigenic
determinants.

Viral envelope:

Most viruses contain envelope or membrane surrounding the virus so they called
enveloped viruses, others have no envelope and they called naked viruses.



Chemically the envelope is made up of proteins and glycoproteins. Due to the
presence of lipid the envelope seems flexible and loose. Envelope is composed of
both the host and viral components i.e. protein (virus specific) and carbohydrates
(host specific). There are certain projections on the envelope known as spikes
which are arranged into distinct units. Enveloped viruses contain lipids like
orthomyxo and paramyxo viruses, these viruses will become sensitive to organic
solvents (ether, alcohol, chloroform), these characters used in newly isolated virus
classification. Also viral membrane contains glycolipids or glycoprotein which
appears as projections from the envelope called spikes or peplomers.

Viral shape structure Nucleocapsid is the arrangement between the viral nucleic
acid genome with the capsid, this connection controlled by specific NA genetic
information leading to different types of symmetry. Accordingly viruses can
classified in to four symmetry structures.

1. Helical symmetry.
2. Cubical symmetry.
3. Binal symmetry.

4. complex symmetry.
1. Helical symmetry

This form can be seen in RNA viruses, that the capsomers surrounded the N.A in
spiral or helical

manner to give helical symmetry which may be seen naked (TMV) or enveloped in
ND & Rinderpest

viruses. When the tubular nucleocapsid presented in coil form and surrounded by
lipoprotein envelope

containing peplomers which is glycoprotein projections (also called spikes) which
represent

haemagglutinins and neuraminidases but in rabies virus the capsid is straight and
surrounded by

lipoprotein membrane to give the bullet shape.

2. Cubical symmetry



Many RNA and DNA animal viruses when studied with a method of metal
shadowing from two

angles by EM, in this method the virus particles have hexagonal outlines with 20
equilateral triangular

faces, 1.e. icosahedrons, but when these viruses studied by negative stain using
phosphotungstic acid

which can penetrate even through the finest contours of the viral surface. Many
viruses appear to be

faceted and each face forms an equilateral triangle consisting of angular
arrangement of protein

subunits as capsomers. There are generally 20 equilateral triangular faces. In adeno
viruses each side of the equilateral face consists of 6 capsomers linked to each
other by divalent bounds. By using special equation to calculate capsomers number

3. Binal symmetry

This type of symmetry show both icosahedral (cubical) and helical symmetry, but
with in the same

virion like bacteriophage, when the head is cubical and the tail is helical.
4. complex symmetry

Most animal viruses show either helical or cubical symmetry but pox viruses have
exceptional and their ultra structure appears to be complex. Some pox viruses are
brick- shaped, while others are ovoid and the DNA is contained in nucleoid, shaped
like a biconcave disc and surrounded by one or more membranes. Negative
staining shows that the virion contains a surface layer of hallow tube like fibrils
which may give the particles a striated appearance. In some species of pox viruses
e.g. of virus, the thread appears to be continuous and is arranged in a cross or
figure-eight pattern across the surface of the virion giving it the characteristic ball
of wool appearance.

s g al) L o1 68 5 5
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Figure 1: Component of viruses.



RNA

Capsid

Helical viruses

like the Tobacco
Mosaic Virus, which
infects a number of
different types of
plants, have a slinky-
shaped capsid that
twists around and
encloses its genetic
material.

Capsid

Types

Glycoprotein

Polyhedral viruses,
like adenoviruses,
which are known

to cause a range

of ilinesses from pink
eye to pneumonia,
are composed of
genetic material
surrounded by a
many-sided capsid,
usually with 20
triangular faces.

of Viruses

Capsid

Glycoprotein

Spherical viruses,
like the infamous
Coronavirus, are
essentially helical
viruses enclosed in a
membrane known as
an envelope, which
is spiked with sugary
proteins that assist

in sticking to and
entering host cells.

DNA

Head

Tail
sheath

Tail fiber..]

Complex viruses,
like bacteriophages,
which infect and kill
bacteria, resemble
a lunar lander, and
are composed of a
polyhedral “head”
and a helical body
(or “tail sheath”),
and legs (or “tail
fibers”) that attach
to a cell membrane
so that it can transfer

| its genetic material.
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