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General properties and classification of viruses 

Aim: study the general properties and classification of viruses. 

 

Objectives: 

1. Characteristics of viruses 

2. Classification of viruses 

Virology is the study of viruses, complexes of nucleic acids and proteins 

that have the capacity for replication in animal, plant and bacterial cells.  

Virus is having either DNA or RNA, that is protected by a protein coat 

called a Capsid. 

 

 

 

Basic structure of virus 

 

 

 

 

CAPSID DNA 
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Comparison between viruses and bacteria 

No. Property Viruses Bacteria 

1 Size 20-300 nm 1000 nm 

2 
Genome 

(type of nucleic acid) 
DNA or RNA but 

not both 
DNA and RNA 

3 Cell wall 
Envelope present 

in some viruses 
Cell wall 

4 Ribosomes No ribosomes Ribosomes 

5 
Multiplication by binary 

fission 
- + 

6 Sensitivity to antibiotics - + 

7 Growth in culture media 
Grow only in living 

host cell 

Grow in culture 

media 

 

What are the properties of viruses?? 

1. Viruses are obligate intracellular parasites. 

2. They are small size (20-300 nm in diameter) retaining infectivity 

after passage through filters able to hold back bacteria. 

3. They are totally dependent upon a living cell, either eukaryotic or 

prokaryotic, for replication and existence. 

4. They possess only one species of nucleic acid, either DNA or 

RNA. 

5. They have a component - a receptor binding protein for attaching 

to cells. 

 

The structure of viruses: 

1. Viral nucleic acid: 

The viral nucleic acid is located internally and can be either single- or 

double- stranded RNA or DNA. The nucleic acid can be either linear or 
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circular. The DNA is always a single molecule, the RNA can exist either 

as a single molecule or in several pieces (segmented). 

Some RNA viruses are positive polarity and others are 

negative polarity. 

Positive polarity is defined as RNA with same base sequence 

as the mRNA. 

Negative polarity has a base sequence that is complementary to 

the mRNA. 

2. Capsid: 

The protein shell, or coat, that encloses the nucleic acid genome and 

mediates the attachment of the virus to specific receptors on the host cell 

surface. 

Naked viruses are composed of nucleic acid + capsid (nucleocapsid) 

 

 

 

3. Viral envelope: 

The envelope is a lipoprotein membrane composed of lipid derived from 

the host cell membrane and protein that is virus- specific. 

Furthermore, there are frequently glycoproteins in form of spike-like 

projections on the surface, which attach to host cell receptors. 

Enveloped viruses                                 NA + capsid + envelope 

The whole virus particle is called virion. 
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Types of symmetry of virus particles: 

1. Icosahedral symmetry 

Composed of 12 vertices, has 20 faces (each an equilateral triangle) with 

the approximate outline of a sphere. 

e.g. Herpesviruses , Adenoviruses 

 

 

 

 

 

 

 

 

 

 

2. Helical symmetry 

In which the capsomeres are arranged in a hollow coil that appears 

rodshaped. The helix can be either rigid or flexible. 

e.g. Influenza viruses 

 

 

 

 

 

 

 

 

 

 

 

 

Helical symmetry 
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3. Complex structures 

e.g. Poxviruses 

 

 

Reaction to physical and chemical agents: 

1. Heat and cold 

Viral infectivity is generally destroyed by heating at 50-60 °C for 30 

mint., hours at 20 °C, days at 4 °C. Viruses can be preserved at -90 °C or 

-196 °C (liquid nitrogens). 

2. PH 

Viruses can be preserved at physiological PH (7.3). 

3. Ether susceptibility: 

Ether susceptibility can be used to distinguish viruses that possess an 

envelope from those that do not. 

4. Detergents: 

Nonionic detergents solubilize lipid constituents of viral membranes. The 

viral proteins in the envelope are released. 

Anionic detergents also solubilize viral envelopes; in addition, they 

disrupt capsids into separated polypeptides. 
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5. Salts 

Many viruses can be stabilized by salt in concentrations of 1 mol/L. 

e.g. MgCl2, MgSO4, Na2SO4. 

6. Radiation 

Ultraviolet, X-ray, and high-energy particles inactivate viruses. 

7. Formaldehyde  

Destroys viral infectivity by reacting with nucleic acid. 

8. Antibiotics 

Antibacterial antibiotics have no effect on viruses. 

 

Classification of viruses 

1. Virion morphology, including size, shape, type of symmetry, presence 

or absence of envelope. 

2. Virus genome properties, including type of nucleic acid (DNA or 

RNA), size of genome, strandedness (single or double), whether linear or 

circular, positive or negative sense (polarity), segments (number, size). 

3. Physicochemical properties of the virion, including PH stability, 

thermal stability, and susceptibility to physical and chemical agents, 

especially ether and detergents. 

4. Virus protein properties, including number, size and functional 

activities of structural and non-structural proteins, amino acid sequences, 

and special functional activities (transcriptase, reverse transcriptase, 

neuraminidase, fusion activities). 

5. Genome organization and replication, including gene order, strategy of 

replication (patterns of transcription, translation), and cellular sites 

(accumulation of proteins, virion assembly, virion release). 

6. Biological properties, including natural host range, mode of 

transmission, vector relationships, pathogenicity, tissue tropisms, and 

pathology. 
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7. Antigenic properties 

 

Universal system of virus taxonomy: 

Families – on the basis of virion morphology, genome structure and 

strategies of replication. 

Virus family names have the suffix – viridae. 

Genera – based on physicochemical or serological differences. 

Genus names carry the suffix – virus. 

Prepared by  

Alaa Y. M. Alhamadany 

MSc. Microbiology\Virology 
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Replication of viruses 
 

Aim: 
Study the general steps in viral replication cycles. 

Objectives: 

1. Stepwise description of viral replication 

2. Atypical viruses 

 

Steps of viral replication: 

1. Attachment  

2. Penetration  

3. Uncoating  

4. Nucleic acid replication  

5. Virus gene expression  

6. Virus assembly and maturation  

7. Release  

 

1. Attachment, penetration, and uncoating: 

1. Attachment or interaction of a virion with a specific receptor site 

on the surface of a cell. 

2. Penetration: 
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A. Direct translocation across cell membrane. 

 

 

B. Fusion of viral envelope and cell membrane 

 

 

C. Engulfed in a pinocytotic vesicle 

 

3. Uncoating 

A complex process which differs by taxonomic class and is not 

fully understood for many agents. This process makes the nucleic acid 

available for transcription to permit multiplication of the virus. 
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2. Nucleic acid replication: 

Early viral mRNA synthesis (transcription) 

A. DNA viruses: 

1. Double Stranded DNA Viruses  

Can be sub-divided into two groups: 

a) Replication is exclusively nuclear (e.g. Adenoviruses, Papovaviruses, 

Herpesviruses). 

b) Replication occurs in cytoplasm (e.g. Poxviruses). These viruses have 

evolved all the necessary factors for transcription/replication and are 

therefore largely independent of the cellular machinery. 

2. Single-stranded (+) sense DNA (Parvoviruses): 

Replication occurs in the nucleus, involving the formation of a (-) sense 

strand, which serves as a template for (+) strand synthesis. 

 

B. RNA viruses: 

1. Double-stranded RNA (Reoviruses): 

These viruses have segmented genomes. Each genome segment is 

transcribed separately to produce monocistronic mRNAs. 

2. Single-stranded (+)sense RNA (Picornaviruses; Caliciviruses; 

Togaviruses; Flaviviruses; Coronaviruses): 

Can be sub-divided into two groups: 

a) Polycistronic mRNA e.g. Picornaviruses; Hepatitis A. Genome RNA = 

mRNA. Translation results in the formation of a polyprotein product, 

which is subsequently cleaved to form the mature proteins. 

b) Complex Transcription e.g. Togaviruses. Two or more rounds of 

translation are necessary to produce the genomic RNA. 
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3. Single-stranded (-)sense RNA (Orthomyxoviruses; 

Paramyxoviruses; Rhabdoviruses; Filoviruses; Bunyaviruses): 

Can be either: 

a) Segmented e.g. Orthomyxoviruses. First step in replication is 

transcription of the (-) sense RNA genome by the virion RNA-dependent 

RNA polymerase to produce monocistronic mRNAs, which also serve as 

the template for genome replication. 

b) Non-segmented e.g. Rhabdoviruses. Replication occurs as above and 

monocistronic mRNAs are produced. 

 

4. Single-stranded (+) sense RNA with DNA intermediate 

(Retroviruses): 

Genome is (+) sense but unique among viruses in that it is DIPLOID, 

and does not serve as mRNA, but as a template for reverse transcription. 

 

5. Double-stranded DNA with RNA intermediate (Hepadnaviruses): 

This group of viruses also relies on reverse transcription, but unlike the 

Retroviruses, this occurs inside the virus particle on maturation. On 

infection of a new cell, the first event to occur is repair of the gapped 

genome, followed by transcription. 
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3. Virus gene expression  

Once the viral mRNA of either DNA or RNA viruses is synthesized, it is 

translated by host cell ribosomes into viral proteins. Some of which are 

early proteins, i.e. enzymes required for replication of viral genome, and 

others of which are late proteins, i.e. structural proteins of the progeny 

viruses. 

Early proteins: occurring before the replication of the genome. 

Late proteins: occurring after genome replication. 

The most important of the early proteins for many RNA viruses is the 

polymerase that will synthesize many copies of viral genetic material for 
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the progeny virus particles. Most viruses make a virus encoded- 

polymerase that replicates the genome. 

Late viral mRNA synthesis (transcription) 

Late viral proteins synthesis (translation): 

Capsid proteins 

 

4. Assembly and release: 

The progeny particles are assembled by packaging the viral nucleic acid 

within the capsid proteins. 

Virus particles are released from the cell by either of two processes: 

1. Rupture of the cell membrane and release of the mature particles 

(unenveloped viruses). 

2. Budding through the outer cell membrane (enveloped viruses). 
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Atypical virus like agents: 

1. Defective viruses are composed of viral nucleic acid and proteins. 

Viruses usually have a mutation or a deletion of part of their genetic 

material. 

2. Pseudovirions: contain host cell DNA instead of viral DNA within the 

capsid. 

3. Viroids: Consist solely of a single molecule of circular RNA without a 

protein coat or envelope. 

4. Prions: are infectious particles that are composed solely of protein. No 

detectable nucleic acid. 

They are implicated as the cause of certain “slow” diseases called 

transmissible spongiform encephalopathies : 

Creutzfeldt-Jakob disease in humans. 

Scrapie in sheep 

The term spongiform refers to the sponge-like appearance of the brain 

seen in these diseases. The holes of the sponge are vacuoles resulting 

from dead neurons. 

Prion proteins are encoded by a cellular gene. When these proteins are in 

normal configuration, they are non pathogenic, but when their 

configuration changes, they aggregate into filaments, which disrupts 

neuronal function and results in the symptoms of disease. 

Prions are highly resistant to inactivation by UV light, heat; they are 

remarkably resistant to formaldehyde and nucleases. They are inactivated 

by hypochlorite, NaOH, and autoclaving. 

Prions transmitted by human growth hormone and neurosurgical 

instruments. 
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Chemotherapy, antiviral agents and vaccines 

Chemotherapy 

Chemotherapy is the use of medication (chemicals) to treat disease, 

may also include the use of antibiotics or other medications to treat any 

illness or infection.  Chemotherapy may be administered orally or 

intravenously (directly into the vein). 

Types of Chemotherapy 

1. Alkylating agents 

Alkylating agents are the oldest group of chemotherapeutics in use today.  

2. Anti-metabolites 

   Anti-metabolites are a group of molecules that impede DNA and 

RNA synthesis. Many of them have a similar structure to the building 

blocks of DNA and RNA. 

3. Anti-microtubule agents 

    Anti-microtubule agents are plant-derived chemicals that block cell 

division by preventing microtubule function. 

4. Topoisomerase inhibitors 

Topoisomerase inhibitors are drugs that affect the activity of two 

enzymes; topoisomerase I and topoisomerase II. When the DNA double 

stranded helix is unwound, during DNA replication or translation , 

Inhibition of topoisomerase I or II interferes with both of these processes
  

5. Cytotoxic antibiotics 

The cytotoxic antibiotics are a varied group of drugs that have various 

mechanisms of action. The group includes the anthracyclines and other 

drugs including actinomycin, bleomycin, plicamycin and mitomycin. 

 

http://en.wikipedia.org/wiki/Anti-metabolite
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Microtubule
http://en.wikipedia.org/wiki/Topoisomerase_inhibitor
http://en.wikipedia.org/wiki/Topoisomerase_I
http://en.wikipedia.org/wiki/Topoisomerase_II
http://en.wikipedia.org/wiki/Translation_(biology)
http://en.wikipedia.org/wiki/Anthracycline
http://en.wikipedia.org/wiki/Actinomycin
http://en.wikipedia.org/wiki/Bleomycin
http://en.wikipedia.org/wiki/Plicamycin
http://en.wikipedia.org/wiki/Mitomycin
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Antiviral agents  

Antiviral agents are a class of medication used specifically for 

treating viral infections. 

There are three types of antiviral agents: 

1.  virucidal agents, which directly inactivate viruses. 

2. Antiviral agents, which inhibit viral replication. 

3.  immunomodulators, which boost the host immune response.  

 

Vaccines  

A vaccine is a biological preparation that improves immunity to a 

particular disease. A vaccine typically contains an agent that resembles a 

disease-causing microorganism, and is often made from weakened or 

killed forms of the microbe, its toxins or one of its surface proteins. The 

agent stimulates the body's immune system to recognize the agent as 

foreign, destroy it, and "remember" it, so that the immune system can 

more easily recognize and destroy any of these microorganisms that it 

later encounters. 

Types of vaccines  

1. Attenuated live viral vaccines: Most live vaccines contain viruses that 

have been attenuated by laboratory manipulation. These attenuated 

viruses can infect and replicate in the recipient and produce a protective 

immune response without causing disease. However, because live viruses 

can multiply in the body, there is always the possibility that they may 

revert to a more pathogenic form. Examples include Measles, Mumps 

Rubella (MMR) and Influenza Vaccine Live 

http://en.wikipedia.org/wiki/Medication
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Infection
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2. Killed (inactivated) viral vaccines: Killed viral vaccines contain 

either whole virus particles, inactivated by chemical or physical means, or 

some component(s) of the virus. Completely inactivated viral vaccines 

cannot cause infection.  Examples include influenza inactivated vaccine  

3. Toxoid vaccines 

These vaccines are used when a bacterial toxin is the main cause of 

illness. Examples include tetanus and diphtheria vaccines. 

4. Subunit 

Only the portions of the germ that cause an immune response are used to 

create subunit vaccines. These portions of the germ are called antigens. 

Subunit vaccines can contain from 1 to 20 antigens. Examples include 

the Hepatitis B vaccine. 

 

5. Conjugate 

Similar to subunit vaccines, conjugate vaccines use only portions of the 

germ. Many bacteria molecules are coated by a sugar called 

polysaccharide. This coating hides or disguises the germ (antigens) so 

that the immature immune systems of infants are not able to recognize it. 

Therefore, scientists attach the polysaccharide to a stronger protein. 

When the immune system responds to the protein, it also responds to the 

polysaccharide. Examples include Haemophilus Influenza Conjugate 

Vaccine (Hib) and Pneumoccocal Conjugate Vaccine  
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Influenza viruses 

Aim: Study the important properties of Influenza virus.  

Objectives:  

1. General characters and classification of Influenza virus.  

2. Laboratory diagnosis and treatment  

Influenza, commonly known as the flu, is an infectious disease of 

birds and mammals caused by RNA viruses of family Orthomyxoviridae, 

the influenza viruses. 

Properties Influenza viruses 

1. Belongs to the genus orthomyxovirus in the family of 

Orthomyxoviridae.  

2. ssRNA enveloped viruses with a helical symmetry.  

3. Enveloped particles 80-120nm in diameter.  

4. The RNA is closely associated with the nucleoprotein (NP) to form a 

helical structure.  

5. The genome is segmented; with 8 RNA fragments (7 for influenza C)  

6. There are 4 antigens present, the haemagglutinin (HA), neuraminidase 

(NA), nucleocapsid (NA), the matrix (M) and the nucleocapsid proteins.  

7. The NP is a type-specific antigen which occurs in 3 forms, A, B and C, 

which provides the basis for the classification of human influenza viruses. 

8. The matrix protein (M protein) surrounds the nucleocapsid and makes 

up 35-45% of the particle mass.  
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Types of influenza viruses 

 Influenza viruses are RNA viruses that make up three of the 

five genera of the family Orthomyxoviridae.  

1. Influenza virus A 

 The type A viruses are the most virulent human pathogens among the 

three influenza types and cause the most severe disease.  

 

 

 

Structure of Influenza virus 

http://en.wikipedia.org/wiki/RNA_viruses
http://en.wikipedia.org/wiki/Genera
http://en.wikipedia.org/wiki/Orthomyxoviridae
http://en.wikipedia.org/wiki/Influenzavirus_A
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Nomenclature of influenza A viruses 

Influenza A viruses are divided into subtypes, based on the nature of 

their surface glycoproteins, HA and NA. There are 16 different HAs and 

nine NAs which are distinguishable serologically, i.e. antibodies to one 

virus subtype do not react with another.  

 H1N1, which caused Spanish Flu in 1918, and Swine Flu in 2009 

 H2N2, which caused Asian Flu in 1957 

 H3N2, which caused Hong Kong Flu in 1968 

 H5N1, which caused Bird Flu in 2004 

 H7N7, which has unusual zoonotic potential
[38]

 

 H1N2, endemic in humans, pigs and birds 

 H9N2 

 H7N2 

 H7N3 

 H10N7 

 H7N9 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/H1N1
http://en.wikipedia.org/wiki/Spanish_Flu
http://en.wikipedia.org/wiki/2009_flu_pandemic
http://en.wikipedia.org/wiki/H2N2
http://en.wikipedia.org/wiki/Asian_Flu
http://en.wikipedia.org/wiki/H3N2
http://en.wikipedia.org/wiki/Hong_Kong_Flu
http://en.wikipedia.org/wiki/H5N1
http://en.wikipedia.org/wiki/Avian_influenza
http://en.wikipedia.org/wiki/H7N7
http://en.wikipedia.org/wiki/Zoonotic
http://en.wikipedia.org/wiki/Influenza#cite_note-38
http://en.wikipedia.org/wiki/H1N2
http://en.wikipedia.org/wiki/H9N2
http://en.wikipedia.org/wiki/H7N2
http://en.wikipedia.org/wiki/H7N3
http://en.wikipedia.org/wiki/H10N7
http://en.wikipedia.org/wiki/H7N9
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What mean H, N??? 

 “H” – Hemagglutinin 

H stands for hemagglutinin which is an antigenic glycoprotein that 

allows the virus to attach to the cell being infected. It attaches using two 

types of “chains”. The first chain searches for specific sugar chains on an 

organism's cellular proteins. Once found, the first chain binds to the cell 

and the second chain begins the attack on the cell. The protein name 

derives from its ability to agglutinate red blood cells. The virus coat is 

covered with hemagglutinin molecules so that a virus particle can bind to 

many binding red blood cells at once, forming a visible clump. 

 

 “N” – Neuraminidase 

N stands for neuraminidase, an antigenic glycoprotein enzyme that 

is embedded in the surface of the influenza virus. Neuraminidase allows 
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the virus to escape the cell after it has replicated. This enzyme cleaves 

through part of the cell's plasma membrane to extricate itself and move 

on to another cell. Different levels of virulence are often linked to 

different subtypes of neuraminidase depending on their activity.  

2. Influenza virus B 

This type includes influenza B viruses which are mainly found in 

humans. Influenza type B may exhibit antigenic changes and sometimes 

causes epidemics. 

 

3. Influenza virus C 

This type includes influenza C viruses of human and swine. 

Influenza type C is antigenically stable. 

 
Life cycle 

It takes about 6 hours for the replication of the orthomyxovirus, 

killing the host cell in the process. The virus attaches to the permissive 

cells via the hemagglutinin subunit, which binds to cell membrane 

glycolipids or glycoproteins containing N-acetylneuraminic acid, the 

receptor for virus adsorption. The virus is then engulfed by pinocytosis 

into endosomes. The acid environemnt of the endosome causes the virus 

envelope to fuse with the plasma membrane of the endosome, uncoating 

the nucleocapsid and releasing it into the cytoplasm. A transmembrane 

protein derived from the matrix gene (M2) forms an ion channel for 

protons to enter the virion and destabilize protein binding, allowing the 

nucleocapsid to be transported to the nucleus, where the genome is 

transcribed by vital enzymes to yield viral mRNA. Orthomyxovirus 

replication depends on the presence of active host cell DNA, unlike the 

replication of other RNA viruses. The virus scavenges cap sequences 

http://en.wikipedia.org/wiki/Influenzavirus_B
http://en.wikipedia.org/wiki/Influenzavirus_C
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from the nascent mRNA generated in the nucleus by transcription of the 

host DNA and attaches them to its own mRNA. These cap sequences 

allow the viral mRNA to be transported to the cytoplasm, where it is 

translated by host ribosomes. The nucleocapsid is assembled in the 

nucleus. 

Virions acquire an envelope and undergo maturation as they bud through 

the host cell membrane. The viral envelope hemagglutinin is subjected to 

proteolytic cleavage by host enzymes during budding. This process is 

necessary for the released particles to be infectious. Newly synthesized 

virions have surface glycoproteins that contain N acetylneuraminic acid 

as a part of their carbohydrate structure, and this are vulnurable to self-

agglutination by the hemagglutinin. A major function of the viral 

neuraminidase is to remove these residues. 

 Replication of influenza virus 
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Genetic variation in influenza viruses 

A. Events leading to different subtypes 

Antigenic shift: Major antigenic changes in one or both surface 

glycoproteins (HA and/ or NA) in influenza A viruses. This due to: 

1- Genetic reassortment of surface glycoprotein genes occurs between 

different strains of a given type (possibly involving animal strains). 

2- Reemergence of strains which had previously been in circulation. 

Every 10-40 years when a new subtype of influenza A appears, a 

pandemic results. This happened in: 

1918 H1N1 (Spanish flu) 

1957 H2N2 (Asian flu) 

1968 H3N2 (Hong Kong flu) 

1977 H1N1 (Russian flu), i.e. H1N1 subtype reemerged in 1977 

 

B. Events leading to variation within subtypes 

Antigenic drift: Minor antigenic changes due to accumulation of point 

mutations in the gene, resulting in amino acid changes in the protein. 

Sequence changes can alter antigenic site.  

The period between epidemic waves of influenza A (2-3) years.  

The interepidemic period for type B (3-6) years. (no subtypes). 

 

Laboratory diagnosis  

1. Cell culture  

2. Immunofluorescence test 

3. Haemagglutination inhibition test 

4. Polymerase chain reaction  

5. Nucleotide sequencing  
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Treatment 

1. Oseltamivir  

2. Zanamivir  

3. Amantidine  

4. Rimantidine  

 

 

 

 

 

 

 

 

 

 

 

  

Prepared by  

Alaa Y. M. Alhamadany 

MSc. Microbiology\Virology 

http://virology-online.com/viruses/Influenza6.htm
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Paramyxo and Rubella viruses 

1. Paramyxoviruses 

The paramyxoviruses include the most important agents of 

respiratory infections of infants and young children (respiratory syncytial 

virus and the parainfluenza viruses) as well as the causative agents of two 

of the most common contagious diseases of childhood (mumps and 

measles).  

 

 Classification  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Paramyxoviridae  

Paramyxovirinae Pneumovirinea  

 

Morbillivirus  Respirovirus  Rubulavirus  Henipavirus  Pneumovirus  Metapneumovirus  

- Nipah V. 

- Hendray V.  

Parainfluenza 

V. 1, 3  

- Parainfluenza 

V. 2, 4 

- Mumps V.  

  

 

Measles V. Respiratory 

syncytial virus   
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General properties 

1. Spherical, pleomorphic, 150-300 nm, enveloped 

2. SS RNA of 
–
 ve polarity, Not segmented 

3. Replication occurs in the cytoplasm, excess nucleocapsid 

formation (inclusion bodies) 

4. 6 proteins these are: 

Glycoproteins - do not form such prominent spikes as on influenza virus: 

 HN - haemagglutinin + neuraminidase activities; 

 Measles - referred to as H protein - no neuraminidase activity; 

 F - consists of 2 disulphide- linked subunits (F1 + F2) - responsible 

for cell fusion + haemolytic function. 

Other proteins: 

 The M (matrix) protein lines the inner surface of the envelope. 

 NP - nucleoprotein. 

 L and P - polymerase activity 

 Syncytium formation is quite common (F- glycoprotein). 
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Replication 

The replication of paramyxoviruses follows a common theme. After 

attachment, the F protein fuses the viral envelope to the cell membrane, 

becoming part of it and releasing the nucleocapsid into the cell. The 

negative-sense genome cannot act as messenger RNA (mRNA), making it 

necessary for the virus to carry its own RNA-dependent RNA 

polymerase. This polymerase produces subgenomic-sized mRNA 

transcripts, which are translated to produce some of the early virus-

specific polypeptides. These include a second RNA polymerase, which 

copies the genome into full-length positive complementary strands that 

are, in turn, copied back into negative strands both for transcription into 

later mRNA (coding for structural proteins) and for incorporation into 

new virions. The virus haemagglutinin is incorporated into the cell 

membrane allowing the virus to bud off from the cell surface. Red blood 

cells will adsorb to the cell surface expressing the viral haemagglutinin 

(called haemadsorption) and this is used in the laboratory to identify 

virus-infected cells. 

 

Laboratory Diagnosis: 

1. Rapid diagnosis: by direct or indirect antigen detection methods. 

2. Definitive diagnosis: through 

a- Viral isolation from appropriate specimens and culture or 

b- Detection of viral RNA by reverse transcription-polymerase chain 

reaction (RTPCR). 
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2. Rubella virus (German Measles virus) 

General properties  

1. Family : Togaviridae 

2. Genus : Rubivirus 

3. Pleomorphic 50 – 75 nm. 

4. Enveloped, helical nucleocapsid. 

5. ss-RNA, positive polarity. 

6. Agglutinate avian erythrocytes. 

7. Infection period  14 -21 days 

8. Transmission: by inhalation of respiratory  
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Pathogenesis: 

 After entry, the virus replicates in the upper respiratory tract. 

 The virus spread by the blood stream to lymphoid tissue, skin and 

organs. 

 Cellular immune responses in addition to circulating virus- Ab 

complexes are thought to play a role in development of the rash 

and arthritis. 

 Age: Childhood disease. 

 

Lab Diagnosis: 

 
 Detection of IgM –Ab to rubella virus 

 Isolation of rubella virus from clinical specimen (e.g., 

nasopharynx, urine) 

 Significant rise in rubella IgG by any standard serologic assay 

(e.g., enzyme immunoassay) 

 

Prevention: 

 Live attenuated vaccine (MMR) 

The MMR vaccine is a mixture of three live attenuated viruses, 

administered via injection for immunization against measles, mumps 

and rubella. 
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Methods of Study of Viruses 

Study of Viruses 

The study of viruses is known as virology. Viruses can be studied in 

two ways. The first way is through isolation and cultivation, and the 

second way through detection, identification and diagnosis. 

 

 Isolation and cultivation   

1. Laboratory animals  

Laboratory animals are widely used for routine cultivation of virus; 

they play an essential role in studies of viral pathogenesis. Live 

animals such as monkeys, mice, rabbits, guinea pigs, ferrets are 

widely used for cultivating virus. 

Advantages: 

1. Animal inoculation may be used as diagnostic procedure for 

identifying and isolating a virus from a clinical specimen. 

2. Mice provide a reliable model for studying viral replication. 

3. Gives unique insight into viral pathogenesis and host virus relation. 

4. Used for the study of immune responses, epidemiology and 

oncogenesis. 

Disadvantages: 

1. Expensive and difficulties in maintenance of animals. 

2. Difficulty in choosing of animals for particular virus 

3. Some human viruses cannot be grown in animals,or can be grown 

but do not cause disease. 
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4. Mice do not provide models for vaccine development. 

5. It will lead to generation of escape mutants 

6. Issues related to animal welfare systems. 

 

2. Embryonated eggs 

 

1.    Chorioallantoic membrane(CAM): is mainly employed in 

the growth of poxvirus. 

2.    Amniotic Cavity: The amniotic sac is employed inoculated for 

primary isolation of influenza a virus and the mumps virus.  

3.    Allantoic Cavity:  is the most popular and simple method for 

viral inoculation. 

4.    Yolk sac: It is also a simplest method for growth and 

multiplication of virus. 
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Advantages:  

1. Widely used method for the isolation of virus and growth. 

2. Ideal substrate for the viral growth and replication. 

3. Isolation and cultivation of many avian and few mammalian 

viruses. 

4. Cost effective and maintenance is much easier. 

5. Less labor is needed. 

6. The embryonated eggs are readily available. 

7. Sterile  and wide range of tissues and fluids 

8. They are free from contaminating bacteria and many latent viruses. 

9. Specific and non specific factors of defense are not involved in 

embryonated eggs. 

10. Widely used method to grow virus for some vaccine production. 

 

Disadvantages: 

1.    The site of inoculation for varies with different virus. That is, each 

virus have different sites for their growth and replication. 

 

Cell culture: 

The idea of cell cultures dates back to the end of the nineteenth 

century. It was not a practical laboratory technique until the development 

of antibiotics. Cell cultures have replaced embryonated eggs as the 

preferred type of growth medium for many viruses. Cell culture consists 

of cells grown in culture media in the laboratory. These cultures can be 

propagated and handled like bacterial cultures; they are more convenient 

to work with than whole animals or embryonated eggs. 
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 Major problem with cell cultures: 

1.    The process requires trained technicians with experience in working 

on a full time basis. 

2.    State health laboratories and hospital laboratories do not isolate and 

identify viruses in clinical work. 

3.    Tissue or serum for analysis is sent to central laboratories to identify 

virus 

 

 Detection, identification and diagnosis 

1. Tissue Culture Methods 

There are two types of tissue culture methods. They are the 

cytopathic effect (CPE) and the plaque assay.  

 Cytopathic Effect (CPE) 

The degenerative changes of cells that are linked with the 

multiplication of certain viruses are known as the cytopathic effect 

(CPE). When in tissue culture, an overlayer of agar restricts the 

spread of virus. This causes the formation of plaque caused by the 

cytopathic effect. The examination of the characteristics of 

cytopathic effect produced on different cell sheets can be used to 

identify viral infection. However, this technique is not an efficient 

one, and not all viruses will grow on cell sheets. 

 

 Plaque Assay 

Plaque assay is very time-consuming and is an easy technique. 

Plaque assay is only effective for viruses that infect monolayer 

cells, and for viruses that break down cells. One plaque is formed 

from one virus on the monolayer. This is the principle of plaque 

assay. 



Practical Virology                                                                                               Lab. 2 

Plaque assay is used to count only viruses that are capable of 

multiplying.  

 

2. Electron Microscope 

 Transmission Electron Microscope 

A microscopy method in which a beam of electrons transmit 

through an ultra thin specimen and interacts with the specimen as 

they pass through is known as the transmission electron 

microscopy (TEM). The interaction of the electrons that transmit 

through the specimen forms an image. The objective lens enlarges 

and focuses the image onto a fluorescent screen on a layer of 

photographic film. Fluorescent screen is one of the imaging 

devices. A sensor can also be used to detect the image. An example 

of such sensor is the CCD camera. 
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Principle features of light and electron microscopes 

 

 Scanning Electron Microscope 

An electron microscope that images the sample surface by scanning 

it with a high-energy beam of electrons in a raster scan pattern is 

known as the scanning electron microscope (SEM). Signals that 

have information about the sample’s surface topography, 

composition and other properties such as the ability to conduct 

electricity are produced when electrons interact with the atoms that 

make up the sample. 
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3. Serological / Immunological Methods 

Immunological techniques are used to diagnose virus diseases. This 

is done so by demonstrating an antigen-antibody reaction, There 

are several serological and immunological methods and these 

methods include: 

 Haemagglutination Assay (HA) 

 Haemagglutination Inhibition (HI) 

 Virus neutralisation 

 Complement fixation 
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 Immunostaining 

- Immunofluorescence 

- Immuno-Gold Electron Microscope 

 Immunoprecipitation / Immunoblot 

 ELISA 

4. Molecular Virology 

Molecular virology is the study of the organisation of genome, 

expression of viral genome, replication of genome and the progeny 

virus. 
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Methods of Study of Viruses 

Study of Viruses 

The study of viruses is known as virology. Viruses can be studied in 

two ways. The first way is through isolation and cultivation, and the 

second way through detection, identification and diagnosis. 

 

 Isolation and cultivation   

1. Laboratory animals  

Laboratory animals are widely used for routine cultivation of virus; 

they play an essential role in studies of viral pathogenesis. Live 

animals such as monkeys, mice, rabbits, guinea pigs, ferrets are 

widely used for cultivating virus. 

Advantages: 

1. Animal inoculation may be used as diagnostic procedure for 

identifying and isolating a virus from a clinical specimen. 

2. Mice provide a reliable model for studying viral replication. 

3. Gives unique insight into viral pathogenesis and host virus relation. 

4. Used for the study of immune responses, epidemiology and 

oncogenesis. 

Disadvantages: 

1. Expensive and difficulties in maintenance of animals. 

2. Difficulty in choosing of animals for particular virus 

3. Some human viruses cannot be grown in animals,or can be grown 

but do not cause disease. 
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4. Mice do not provide models for vaccine development. 

5. It will lead to generation of escape mutants 

6. Issues related to animal welfare systems. 

 

2. Embryonated eggs 

 

1.    Chorioallantoic membrane(CAM): is mainly employed in 

the growth of poxvirus. 

2.    Amniotic Cavity: The amniotic sac is employed inoculated for 

primary isolation of influenza a virus and the mumps virus.  

3.    Allantoic Cavity:  is the most popular and simple method for 

viral inoculation. 

4.    Yolk sac: It is also a simplest method for growth and 

multiplication of virus. 
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Advantages:  

1. Widely used method for the isolation of virus and growth. 

2. Ideal substrate for the viral growth and replication. 

3. Isolation and cultivation of many avian and few mammalian 

viruses. 

4. Cost effective and maintenance is much easier. 

5. Less labor is needed. 

6. The embryonated eggs are readily available. 

7. Sterile  and wide range of tissues and fluids 

8. They are free from contaminating bacteria and many latent viruses. 

9. Specific and non specific factors of defense are not involved in 

embryonated eggs. 

10. Widely used method to grow virus for some vaccine production. 

 

Disadvantages: 

1.    The site of inoculation for varies with different virus. That is, each 

virus have different sites for their growth and replication. 

 

Cell culture: 

The idea of cell cultures dates back to the end of the nineteenth 

century. It was not a practical laboratory technique until the development 

of antibiotics. Cell cultures have replaced embryonated eggs as the 

preferred type of growth medium for many viruses. Cell culture consists 

of cells grown in culture media in the laboratory. These cultures can be 

propagated and handled like bacterial cultures; they are more convenient 

to work with than whole animals or embryonated eggs. 
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 Major problem with cell cultures: 

1.    The process requires trained technicians with experience in working 

on a full time basis. 

2.    State health laboratories and hospital laboratories do not isolate and 

identify viruses in clinical work. 

3.    Tissue or serum for analysis is sent to central laboratories to identify 

virus 

 

 Detection, identification and diagnosis 

1. Tissue Culture Methods 

There are two types of tissue culture methods. They are the 

cytopathic effect (CPE) and the plaque assay.  

 Cytopathic Effect (CPE) 

The degenerative changes of cells that are linked with the 

multiplication of certain viruses are known as the cytopathic effect 

(CPE). When in tissue culture, an overlayer of agar restricts the 

spread of virus. This causes the formation of plaque caused by the 

cytopathic effect. The examination of the characteristics of 

cytopathic effect produced on different cell sheets can be used to 

identify viral infection. However, this technique is not an efficient 

one, and not all viruses will grow on cell sheets. 

 

 Plaque Assay 

Plaque assay is very time-consuming and is an easy technique. 

Plaque assay is only effective for viruses that infect monolayer 

cells, and for viruses that break down cells. One plaque is formed 

from one virus on the monolayer. This is the principle of plaque 

assay. 
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Plaque assay is used to count only viruses that are capable of 

multiplying.  

 

2. Electron Microscope 

 Transmission Electron Microscope 

A microscopy method in which a beam of electrons transmit 

through an ultra thin specimen and interacts with the specimen as 

they pass through is known as the transmission electron 

microscopy (TEM). The interaction of the electrons that transmit 

through the specimen forms an image. The objective lens enlarges 

and focuses the image onto a fluorescent screen on a layer of 

photographic film. Fluorescent screen is one of the imaging 

devices. A sensor can also be used to detect the image. An example 

of such sensor is the CCD camera. 
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Principle features of light and electron microscopes 

 

 Scanning Electron Microscope 

An electron microscope that images the sample surface by scanning 

it with a high-energy beam of electrons in a raster scan pattern is 

known as the scanning electron microscope (SEM). Signals that 

have information about the sample’s surface topography, 

composition and other properties such as the ability to conduct 

electricity are produced when electrons interact with the atoms that 

make up the sample. 
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3. Serological / Immunological Methods 

Immunological techniques are used to diagnose virus diseases. This 

is done so by demonstrating an antigen-antibody reaction, There 

are several serological and immunological methods and these 

methods include: 

 Haemagglutination Assay (HA) 

 Haemagglutination Inhibition (HI) 

 Virus neutralisation 

 Complement fixation 
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 Immunostaining 

- Immunofluorescence 

- Immuno-Gold Electron Microscope 

 Immunoprecipitation / Immunoblot 

 ELISA 

4. Molecular Virology 

Molecular virology is the study of the organisation of genome, 

expression of viral genome, replication of genome and the progeny 

virus. 
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ELISA 

 

The ELISA is a rapid test used for detecting and quantifying 

antibodies or antigens against viruses, bacteria and other materials. This 

method can be used to detect many infectious agents affecting poultry 

and livestock. 

Types of ELISA assays 

1. Direct ELISA 

Direct ELISAs involve attachment of the antigen to the solid phase, 

followed by an enzyme-labeled antibody.  

2. Indirect ELISA 

Indirect ELISAs also involve attachment of the antigen to a solid 

phase, but in this case, the primary antibody is not labeled. An enzyme-

conjugated secondary antibody, directed at the first antibody, is then 

added. This format is used most often to detect specific antibodies in sera. 

3. Competitive ELISA 

The third type of ELISA is the Competition Assay, which involves 

the simultaneous addition of 'competing' antibodies or proteins. The 

decrease in signal of samples where the second antibody or protein is 

added gives a highly specific result. 

4. Sandwich ELISA 

The last type of assay is the sandwich ELISA. Sandwich ELISAs 

involve attachment of a capture antibody to a solid phase support. 

Samples containing known or unknown antigen are then added in a 

matrix or buffer that will minimize attachment to the solid phase. An 

enzyme-labeled antibody is then added for detection. 
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Components of ELISA Kits  

 Coated Plates 

The 96-well plates are made of polystyrene and coated with either 

inactivated antigen or antibody. This coating is the binding site for the 

antibodies or antigens in the sample. Unbound antibodies or antigens in 

the sample are washed away after incubation. 

 Sample Diluent 

Most assays require a specific dilution of the sample. Samples are 

added to the sample diluent and mixed prior to putting them onto the 

coated plates. 

 Controls 

The positive control is a solution that contains antibody or antigen. 

The negative control is a solution without antibody or antigen. The 

controls help to normalize or standardize each plate. Controls are also 

used to validate the assay and to calculate sample results. In most kits, the 

controls are prediluted and ready to use. Be sure to follow the instructions 

in the package insert. 

 Conjugate 

ELISA conjugates are enzyme-labeled antibodies or antigens that 

react specifically to plate-bound sample analyses. Unbound conjugate is 

washed away after incubation and before the addition of substrate. The 

optical density of the colorimetric substrate is directly proportional to the 

quantity of bound enzyme present. 
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 Substrate 

For peroxidase conjugates, the substrate is a mixture of hydrogen 

peroxide and a chromogen that reacts with the enzyme portion of the 

conjugate to produce color. 

 Wash Concentrate 

The wash concentrate is a buffered solution containing detergent 

used to wash away unbound materials from the plates. 

 Stop Solution 

The stop solution stops the enzyme-substrate reaction and, thereby, 

the color development. 

 

Direct ELISA 

The direct Enzyme-Linked ImmunoSorbent Assay (ELISA) is a 

method for detecting and measuring antigen concentration in a sample. 

Using a capture monoclonal antibody, the presence of a particular antigen 

in a sample is detected. Microwell plates are coated with a sample 

containing the target antigen, and the binding of labeled antibody is 

quantitated by a colorimetric, chemiluminescent, or fluorescent end-point. 

The general protocol is as follows: 

1. Apply a sample of known antigen to a surface, often in the well of a 

microtiter plate. The antigen is fixed to the surface to render it immobile. 

2. The plate wells or other surface are then coated with blocking buffer. 

3. Detecting antibody, usually diluted in blocking buffer, is applied to the 

plate for binding to the antigen coated on the plate. 

4. The plate is washed, so that unbound antibody is removed. After this 
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wash, only the antibody-antigen complexes remain attached to the well. 

5. The second antibodies, which will bind to any antigen-antibody 

complexes, are added to the wells. These second antibodies are coupled 

to the substrate-modifying enzyme. 

6. Wash the plate, so that excess unbound antibodies are removed. 

7. Apply a substrate which is converted by the enzyme to elicit a 

chromogenic or fluorescent signal. 

8. View/quantify the result using a spectrophotometer or other optical 

device. 

 

 

 

Direct ELISA can be mainly applied for the following 

experimentation or research: 

 To detect and quantitate large molecules with multiple 

antigenic sites, usually a protein, in a sample. 

 To test recognition or binding between antigen and antibody, 

where polyclonal are usually used. 

 To make an ELISA when a pair of monoclonal antibody is 

not immediately available. 
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Poly chain reaction (PCR) 

PCR is a scientific technique in molecular biology to amplify a 

single or few copies of a piece of DNA across several orders of 

magnitude, generating thousands to millions of copies of a particular 

DNA sequence. 

 

Types of PCR techniques  

1. PCR (polymerase chain reaction) is a method for exponentially 

amplifying a fragment of DNA in vitro.  

2. Nested PCR is 2 successive PCRs with the 2nd set of primers 

nested inside the 1st pair. It is used to reduce unspecific products.  

3. Multiplex PCR is a PCR with >1 primer pair runs in a single 

reaction. It reduced material consumption but is hard to optimize. It 

is often used in mouse genotyping for example.  

4. Colony PCR is a PCR technique to detect DNA in bacterial 

colonies. Colonies are picked, lysed, and amplified by PCR. It is 

used to detect successful ligations or recombinations among large 

numbers of bacterial colonies.  

5. RT-PCR (reverse transcription PCR) is essentially normal PCR 

preceded by a reverse transcription converting RNA to cDNA. It is 

used to amplify an RNA molecule like messenger RNAs.  

6. Q-PCR (quantitative PCR) is used to determine the quantity of 

starting nucleic acid template. There are 2 main methods: PCR 

with dsDNA dyes and PCR with probes. dsDNA dyes and probes 

allow measurement while the PCR is running, i.e. in real-time, and 

are therefore often named real-time PCR (see below). Probes are 

superior to dsDNA dyes but also more expensive. DNA can also be 

http://openwetware.org/wiki/PCR
http://openwetware.org/index.php?title=Nested_PCR&action=edit&redlink=1
http://openwetware.org/index.php?title=Multiplex_PCR&action=edit&redlink=1
http://openwetware.org/wiki/Colony_PCR
http://openwetware.org/wiki/RT-PCR
http://openwetware.org/wiki/Q-PCR
http://openwetware.org/wiki/Real-time_PCR
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quantified with a simple PCR followed by agarose gel 

electrophoresis (qPCR end-point assay). If done properly with 

serial dilutions of starting DNA template to establish a linear 

relationship between band intensity and starting material, this 

approach is also quantitative.  

7. Real-time PCR is used to determine the quantity of DNA during 

the PCR step (i.e. in "real-time") and thus a subset of the Q-PCR 

methods. It uses fluorescent dyes or fluorophore-DNA probes to 

measure the amount of amplification in real time. This is used to 

infer starting amount. Real-time PCR is often confusingly 

abbreviated as RT PCR which overlaps with reverse transcription 

PCR.  

8. Quantitative RT-PCR (quantitative reverse transcription PCR) 

refers to quantitative PCR of cDNA (which has been reverse 

transcribed from RNA). Like quantitative PCR, you can quantify 

the starting RNA template either during the reaction ("real-time 

reverse transcription PCR") or at the end of the PCR step.  

 qRT-PCT can be done either in one tube or two tubes.  

 

Components of PCR 

1. Template DNA contains the sequence of DNA you wanted to amplify. 

The DNA can be from animals, plants, viruses, or bacteria.  

2. DNA Polymerase is an enzyme that makes a new strand of DNA 

through the sequential addition of nucleotides.  

3. Primers are small segments of single-stranded DNA, usually 20 

nucleotides long, which bind to a specific region on either side of the 

target DNA sequence and initiates replication of the target DNA at that 

point. Primers specify the DNA sequence to be amplified. 

http://openwetware.org/wiki/Real-time_PCR
http://openwetware.org/wiki/QRT-PCR
http://openwetware.org/wiki/QRT-PCR/Single_tube
http://openwetware.org/wiki/QRT-PCR/Two_tubes
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4. Buffer is a salt-solution that helps to stabilize the DNA and other 

components of the reaction. 

Steps of PCR 

1. Denature DNA 

The DNA is heated to 95° C. This breaks the weak hydrogen bonds that 

hold DNA strands together in a helix, allowing the strands to separate 

creating single stranded DNA. 

2. Primer Annealing 

The mixture is cooled to anywhere from 45-72° C. This allows the 

primers to bind (anneal) to their complementary sequence in the template 

DNA. 

3. Extension 

The reaction is then heated to 72° C, the optimal temperature for DNA 

polymerase to act. DNA polymerase extends the primers, adding 

nucleotides onto the primer in a sequential manner, using the target DNA 

as a template. 

4. Go to Step 1 
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DNA extraction 

DNA extraction is a process of purification of DNA from sample 

using a combination of physical and chemical methods. The first isolation 

of DNA was done in 1869 by Friedrich Miescher. Currently it is a routine 

procedure in molecular biology or forensic analyses. 

Basic procedure of DNA extraction 

There are three basic and two optional steps in a DNA extraction: 

1. Breaking the cells, commonly referred to as cell disruption or cell 

lysis, to expose the DNA within. This is commonly achieved by 

chemical and physical methods-blending, grinding . 

2. Removing membrane lipids by adding a detergent or surfactants 

which also serves in cell lysis. 

3. Removing proteins by adding a protease (optional but often done). 

4. Removing RNA by adding an RNase (almost always done). 

5. DNA purification from detergents, proteins, salts and reagents used 

during cell lysis step.  

The most commonly used procedures are:  

 Ethanol precipitation usually by ice-cold ethanol or 

isopropanol. Since DNA is insoluble in these alcohols, it will 

aggregate together, giving a pellet upon centrifugation. 

Precipitation of DNA is improved by increasing of ionic 

strength, usually by adding sodium acetate. 

 Phenol–chloroform extraction in which phenol denatures 

proteins in the sample. After centrifugation of the sample, 

denaturated proteins stay in organic phase while aqueous 

phase containing nucleic acid is mixed with the chloroform 

http://en.wikipedia.org/wiki/Molecular_biology
http://en.wikipedia.org/wiki/Forensics
http://en.wikipedia.org/wiki/Cell_%28biology%29
http://en.wikipedia.org/wiki/Cell_disruption
http://en.wikipedia.org/wiki/Cell_lysis
http://en.wikipedia.org/wiki/Cell_lysis
http://en.wikipedia.org/wiki/Detergent
http://en.wikipedia.org/wiki/Surfactants
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Protease
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/RNase
http://en.wikipedia.org/wiki/Ethanol_precipitation
http://en.wikipedia.org/wiki/Ethanol
http://en.wikipedia.org/wiki/Isopropanol
http://en.wikipedia.org/wiki/Sodium_acetate
http://en.wikipedia.org/wiki/Phenol%E2%80%93chloroform_extraction
http://en.wikipedia.org/wiki/Phenol
http://en.wikipedia.org/wiki/Nucleic_acid
http://en.wikipedia.org/wiki/Chloroform
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that removes phenol residues from solution. (Note: for DNA 

isolation in used phenol buffered to pH 8, RNA must be 

isolated using acidic phenol.) 

 Minicolumn purification that relies on the fact that the 

nucleic acid may bind (adsorption) to the solid phase (silica 

or other) depending on the pH and the salt content of the 

buffer. 

After isolation, the DNA is dissolved in slightly alkaline buffer, usually 

in the TE buffer, or in ultra-pure water. 

Special Types of DNA Extractions 

Specific techniques must be chosen for isolation of DNA from some 

samples. Typical samples with complicated DNA isolation are: 

1. archaeological samples containing partially degraded DNA, see 

ancient DNA 

2. samples containing inhibitors of subsequent analysis procedures, 

most notably inhibitors of PCR, such as humic acid from soil, 

indigo and other fabric dyes or haemoglobin in blood 

3. samples from microorganisms with thick cellular wall, for example 

yeast 

Detecting DNA 

1. Measuring the intensity of absorbance of the DNA solution at 

wavelengths 260 nm and 280 nm is used as a measure of DNA 

purity. DNA absorbs UV light at 260 and 280 nanometres, and 

aromatic proteins absorb UV light at 280 nm; a pure sample of 

DNA has a ratio of 1.8 at 260/280 and is relatively free from 

http://en.wikipedia.org/wiki/Minicolumn_purification
http://en.wikipedia.org/wiki/Nucleic_acid
http://en.wikipedia.org/wiki/Adsorption
http://en.wikipedia.org/wiki/TE_buffer
http://en.wikipedia.org/wiki/Ancient_DNA
http://en.wikipedia.org/wiki/PCR
http://en.wikipedia.org/wiki/Humic_acid
http://en.wikipedia.org/wiki/Indigo
http://en.wikipedia.org/wiki/Haemoglobin
http://en.wikipedia.org/wiki/Yeast
http://en.wikipedia.org/wiki/Quantification_of_nucleic_acids
http://en.wikipedia.org/wiki/UV
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protein contamination. A DNA preparation that is contaminated 

with protein will have a 260/280 ratio lower than 1.8. 

2. DNA can be qualified by running the DNA on an agarose gel after 

staining with ethidium bromide or a different stain and comparing 

the intensity of the DNA with a DNA marker of known 

concentration. 

3. Using the Southern blot technique. 

 

 

http://en.wikipedia.org/wiki/Gel_electrophoresis
http://en.wikipedia.org/wiki/Ethidium_bromide
http://en.wikipedia.org/wiki/Southern_blot
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RNA extraction 

RNA extraction is the purification of RNA from biological samples. 

This procedure is complicated by the ubiquitous presence of ribonuclease 

enzymes in cells and tissues, which can rapidly degrade RNA. Several 

methods are used in molecular biology to isolate w RNA from samples, 

the most common of these is Guanidinum thiocyanate- phenol-

chloroform extraction. 

Extraction methods 

The extraction of nucleic acids from biological material requires cell 

lysis, inactivation of cellular nucleases, and separation of the desired 

nucleic acid from cellular debris. Often, the ideal lysis procedure is a 

compromise. It must be rigorous enough to fragment the complex starting 

material (e.g., blood, tissue). Common lysis procedures include: 

Mechanical disruption (for example, grinding, hypotonic lysis) 

Chemical treatment (for example, detergent lysis, chaotropic agents, 

thiol reduction) 

Enzymatic digestion (for example, proteases) 

Cell membrane disruption and inactivation of intracellular nucleases 

may be combined. For instance, a single solution may contain detergents 

to solubilize cell membranes and strong chaotropic salts to inactivate 

intracellular enzymes. After cell lysis and nuclease inactivation, cellular 

debris may easily be removed by filtration or precipitation 

Extraction and Purification methods 

Methods for isolating and purifying nucleic acids from cell extracts 

are often combinations of extraction/precipitation, chromatography, 

centrifugation, electrophoresis, and affinity separation. 
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 Extraction/precipitation : Solvent extraction is often used to 

eliminate contaminants from nucleic acids. For example, a 

combination of phenol and chloroform are frequently used to 

remove proteins. 

 Chromatography : Chromatography methods may utilize gel 

filtration, ion exchange, selective adsorption, or affinity binding. 

 Centrifugation : Selective centrifugation is a powerful purification 

method. centrifugation is combined with another method. For 

example: Spin column chromatography combines gel filtration and 

centrifugation to purify RNA from smaller contaminants (salts, 

nucleotides, etc.), for buffer ex-change, or for size selection. 

 Electrophoresis : Nucleic acids may be separated 

electrophoretically according to their size. This separation is most 

commonly done on agarose gels. In the presence of ethidium 

bromide, the separated nucleic acids may be seen under UV light. 

electrophoresis is used to quickly check product length and purity. 

RNA extraction by (Guanidinum thiocyanate- 

phenol-chloroform) method  

This protocol uses Trizol (also known as tri reagent) for the isolation 

of total RNA. Trizol is a mixture of guanidine thiocyanate and phenol, 

which effectively dissolves DNA, RNA and protein on homogenization 

or lysis of tissue sample. After adding chloroform and centrifuging, the 

mixture separates into 3 phases with the upper clear aqueous phase 

containing the RNA. The next steps in the extraction are washes and 

precipitation of the RNA. The first part of the protocol – from the 

homogenized tissue in Trizol to the point of an RNA pellet in 75% 

ethanol, takes less than 1 hour. The RNA can then be stored for long 
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periods of time, at -20
o
c. The same protocol can be used for RNA 

extraction from cell cultures. For further use of the RNA for expression 

analysis, it is highly recommended to treat the sample with DNase, an 

enzyme that digests DNA. This procedure is very effective for isolating 

RNA molecules of all types from 0.1 to 15kb in length. However, there 

are commercial kits that enable simple RNA extractions, usually using a 

column that binds the RNA, and also include the DNase treatment in 

them. Moreover, inherent to methods that use phenol-chloroform for 

RNA isolation and cleanups is a certain loss of total RNA. This varies in 

percentage depending on the sample size (the larger the amount of total 

RNA, the smaller the relative loss).  

 

Detecting RNA 

1. Measuring the intensity of absorbance of the RNA solution at 

wavelengths 260 nm and 280 nm is using Nano drop absorb UV 

light; a pure sample of RNA has a ratio of 1.8 at 260/280 and is 

relatively free from protein contamination. A RNA preparation that 

is contaminated with protein will have a 260/280 ratio lower than 

1.8. 

2. RNA can be qualified by running the RNA on an agarose gel after 

staining  and comparing the intensity with marker of known 

concentration. 

3. Using the northern blot technique. 

 

 

http://en.wikipedia.org/wiki/Quantification_of_nucleic_acids
http://en.wikipedia.org/wiki/Gel_electrophoresis
http://en.wikipedia.org/wiki/Southern_blot

