VIRUSES

CHARACTERISTICS :


A.
Cell type - eukaryotic, prokaryotic ? 

B.
Acellular 

C.
Obligate intracellular parasites


D.
Nonliving ?  Living ?


E.
Kingdom ?

VIRAL STRUCTURE


A.
Size :

1.
Measured in nanometers  (nm.)



2.
1000 nm = 1(m



3.
Average range in size : 20 nm to 300 nm

B.
Structure :



1.
Core




a.
DNA or RNA




b.
Contains genetic information



2.
Capsid




a.
 Outer protein coat




b.
Functions





1).
Protects core 





2).
Shape of the virus





3).
Attachment to host cell membrane (by means of spikes)




c.
Envelope





1).
Membrane around capsid - enveloped virus 






(a).
Not all viruses have envelope






(b).
If lack envelope - naked virus





2).
Composed of:

(a).
Bilayer of phospholipids and proteins






(b).
Derived from host bell membrane during viral multiplication

3).
Functions :






(a).
Protection from drying (enhances transmission)






(b).
Makes virus more susceptible to chemical agents that dissolve lipids






(c).
Attachment to host cell membrane  (by means of spikes)

VIRAL SHAPE :


A.
Structure of capsid:



1.
Subunits – called capsomeres



2.
Composed of short chains of amino acids



3.
All capsomeres in capsid identical




a.
Same types amino acids




b.
Same # amino acids




c.
Same arrangement amino acids



4.
Even # capsomeres in capsid



5.
Capsomeres symmetrically arranged around the core to give the virus it’s shape


B.
Shapes   (see figures in handout)      



1.
Polyhedral (icosahedral - most common)



2.
Helical



3.
Complex (binal)



(With the exception of the pox viruses all animal viruses are icosahedral or helical)
HOST CELL PARASITISM :


A.
Source of nutrients



1.
Amino acids ( production viral proteins



2.
Nucleotides ( production viral cores


B.
Source of energy - ATP


C.
Sites of protein synthesis ( host cell ribosomes



1.
Viral enzymes



2.
Viral capsomeres



3.
Envelope proteins

REPLICATION OF ANIMAL VIRUSES  -  LYTIC CYCLE


A.  Adsorption

1.
Virus attaches to host cell membrane.

2.
Specific attachment – viral spikes complementary to host cell attachment sites  


B.  Penetration 

1.
Virus enters host cell.

2.
Phagocytosis, pinocytosis, fusion


C.  Uncoating (Eclipse)

1.
Viral capsid dissolved by host cell enzymes.

2.
Release of viral core.


D.  Synthesis of viral parts

1.
Viral core redirects host cell metabolism

2.
Viral parts produced (viral proteins & viral cores)


E.  Assembly (Maturation)

1.
Assembly viral parts

2.
Synthesis of mature virus particles.


F.  Release (Liberation)  -  Mature virus particles leave host cell.



1.
Lysis of host cell  (  naked viruses



2.
“Budding”  (  enveloped viruses     

G.
Replication of:

1.
DNA viruses


a.
Following uncoating, viral DNA core ( nucleus


b.
Viral DNA ( viral m-RNA ( host cell ribosomes


c.
Viral proteins produced at host cell ribosomes


d.
Viral cores replicated in host cell nucleus


e.
Viral capsomeres transported into host cell nucleus


f.
Mature virus particles assembled in host cell nucleus



2.
RNA viruses




a.
Following uncoating, viral RNA core remains in cytoplasm




b.
Viral RNA may function as m-RNA or produce m-RNA complementary to core

c.
Viral proteins produced at host cell ribosomes; 

capsomeres accumulate in cytoplasm of host cell

d.
Viral RNA cores replicated in host cell cytoplasm

e.
Assembly takes place in host cell cytoplasm ( mature virus particles



3.
Replication of Retroviruses     




a.
Produce enzyme – reverse transcriptase




b.
Catalyzes reverse transcription




c.
RNA core in cytoplasm is template for production  ( DNA (one side)




d.
½ viral DNA acts as template for complementary side DNA ( viral DNA




e.
Viral DNA enters host cell nucleus ( directs viral replication


LYSOGENY IN ANIMAL VIRUSES – LYSOGENIC (Latent, Dormant) CYCLE   


A.
Provirus – viral DNA permanently incorporated into host cell DNA


B.
Lysogeny



1.
Provirus incorporated into host cell DNA



2.
Provirus causes no change in:




a.
Host cell morphology




b.
Host cell metabolism



3.
Provirus replicated with host cell DNA ( daughter cells



4.
Provirus remains latent (dormant) until activated ( changes in host cell 




(recurrent infections, transformation)

5.
Provirus activated by: UV, febrile illnesses, viral infections, chemicals, stress,          fluctuations in production of sex hormones


C.
Effects



1.
Recurrent (Latent) infections




a.
Following initial infection, provirus in host cells DNA in state of lysogeny




b.
Remains dormant until activated




c.
Provirus activated ( lytic cycle, virus replicates



d.
Causes lysis host cells ( viruses spread to healthy cells ( produces lesion




e.
Lesion heals ( new tissue cells contain latent (dormant) provirus




f.
Provirus may be reactivated later ( lesion reoccurs




g. 
Ex. fever blisters, genital herpes, shingles

2.
Transformation  (  neoplasms




a.
Provirus in host cells in latent state




b.
Provirus dormant until activated




c.
Provirus activated ( affects host cells DNA (genes that control rate of growth)




d.
Host cells multiply at abnormal rate




e.
Abnormal (transformed) cells accumulate ( form neoplasm (tumor)


BACTERIOPHAGE – BACTERIAL VIRUSES

A.
Replication of bacteriophage   



1.
Adsorption - tail adheres to specific sites on bacterial cell wall.



2.
Penetration  




a.
Enzymes in end plate dissolve hole in cell wall. 




b.
DNA injected into cell (through hollow tail).




c.
Capsid remains outside bacterial cell; uncoating is unnecessary  




d.
DNA core directs synthesis of viral parts.




e.
Assembly of viral parts  (  mature virus parts.




f.
Release  -  lysis of bacterial cell
B.
Lysogeny in Bacteria   

1.   Prophage - bacteriophage (phage) DNA incorporated into bacterial DNA in state     of lysogeny 



2.
Effects:




a.
Lytic cycle:





1).
Prophage is activated





2).
Prophage ( lytic cycle (replication) ( lysis of bacterial cells




b.
Lysogenic Conversion:





1).
Prophage (latent) ( transcription & translation





2).
Protein produced by bacterial cell





3).
Protein ( toxins ( host (human) tissues infected





4).
New type disease produced

VIRAL MUTATIONS


A.  Spontaneous mutations :



1).
Causes antigenic drift  -  changes in structure ( new antigenic strains



2).
Responsible for repeated epidemics  -  ex. influenza.


B.  Induced mutations :



1).
Production of attenuated (weakened) strains.



2).
Used to produce viable vaccines.

VIRAL TERATOGENESIS


A.
Production of defects during embryonic development.


B.
Example :  Rubella viruses ( German measles )

2.
Cytomegalovirus ( CMV )



3.
HIV



4.
Small pox viruses 

VIRAL INFECTIONS

A.
Acute infections:


1.
Lysis host cells


2.
Short duration – days, sometimes weeks 


3.
Self limiting


4.
Recovery ( immunity


5.
Ex.: mumps, measles, influenza 

B.
Persistent infections


1.
Viruses continually present


2.
Types



a.
Late complications




1).
Follow acute infections




2).
Occur several weeks, years after active infection




3).
Few viruses present




4).
Ex. Subacute sclerosing panencephalitis – following measles

b.
Latent infections (Recurrent Infections)




1).
Lysogenic (latent) proviruses ( reactivated




2).
Viruses not detected until activated




3).
Ex.  Herpes simplex



c.
Chronic infections




1).
Usually low
grade symptoms (some acute)




2).
Infections prolonged




3).
Viruses continually present




4).
Ex.
Hepatitis B or C  



d.
Slow infections




(1).
Develop very slowly, over long period time (years)




(2).
Few symptoms 




(3).
Viruses gradually increase in number




(4).
Frequently lethal




(5).
Ex. HIV (AIDS)

C.
Prions


1.
Protein molecules, no nucleic acids


2.
Infections develop very slowly, usually fatal


3.
Ex. Transmissible spongiform encephalopathies (mad cow disease)

VIRAL CULTIVATION  - describe each method (see handout)     


A.
Lab animals



Use – primarily research


B.
Embryonated eggs



1.
Chick, duck eggs – approx. 10 days old



2.
Inoculation – (see fig. in handout)

a.
Sites inoculation – membranes, embryo 

b.
Viruses injected - incubate  



3.
Viral growth indicated by :




a.
Formation lesions (pocks) on egg membranes




b.
Abnormal development of embryo, death embryo




c.
Lesions of embryo



4.
Harvest egg contents ( viable viruses


C.
Mammalian Tissue Cultures    



1.
Cell line – host cells used for cell cultures



2.
Cell lines grown in tissue culture flasks



3.
Cells form monolayer on bottom of flask



4.
Examine microscopically – healthy monolayer



5.
Add viruses – incubate



6.
Observe for cytopathogenic effect (CPE) – indicates viral growth




a.
Abnormal morphology of tissue culture cells




b.
Plaques (due to cell destruction) in monolayer of cells




c.
Inclusion bodies in infected cells  


GROUPING (“CLASSIFICATION”) of VIRUSES


Criteria used :


A.  Type nucleic acid in the core – DNA or RNA



1).  DNA




a.  Double stranded




b.  Single stranded



2).  RNA




a.  Single stranded




b.  Double stranded


B.  Type symmetry (structure)



1).  Size - # capsomeres 



2).
Shape – arrangement of capsomeres


C.  Envelope - presence, absence


D.  Parasitism (Host range)



1).  Type host - plant, animal, bacterial



2).  Type host cell


SCIENTIFIC NOMENCLATURE


A.
Not all viruses have genus, species name.

B.
See table of DNA and RNA viruses in text

