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GOLD: Genomes Online Database 

http://www.genomesonline.org/ 



http://www.ncbi.nlm.nih.gov/genomes/GenomesHome.cgi?taxid=10239 



http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html 



Virus databases and other related information 



Virus databases and other related information 



Virus databases and other related information 



Virus databases and other related information 



Virus databases and other related information 



Viruses 

• Viruses are pathogens of bacteria, plants, and animals 

• Can be deadly (e.g., Ebola, HIV) 

• Can be merely annoying (e.g., Rhinovirus) 

• The rhinovirus is the cause of the common cold  

in an estimated 30 to 35 percent of all adults. 

• Viruses are small particles  

composed of nucleic acid and protein 

• Entire particle is known as a virion 

• Capsid- surround the center of the virion 

• Nucleocapsid- combination of the nucleic acid and the 

capsid 

• Membrane envelope- surrounds the nucleocapsid 

• Protein spikes- help viruses attach themselves to the host 

cell 



Architecture of a Virus 



Viroids and Prions 

• viroids 

• infectious agents composed only of circular 

ssRNA 

 

• prions 

• infectious agent thought to be composed  

only of protein 

Prion:  Proteinaceous infectious particle 

33-35 kD 



Viroids 

A rodlike shap by 

intrastrand base pairing 



Viroids… 

• Found in the nucleolus of infected cells 

 

• do not act as mRNA molecules 

 

• cause disease in plants 
• mechanism unknown 

• some cause latent infections 

 

• RNA may be replicated by rolling-circle 
method using host RNA polymerase 



Viroids 

Tomato 

Normal 

potato 

Infected 

potato 



Prions 

• cause degenerative diseases in animals 

• e.g., scrapie 

• bovine spongiform encephalopathy 

• e.g., Creutzfeldt-Jakob disease 
 

• currently thought that PrP (prion protein) 

is present in “normal” form (a-helix) in 

host animal 

• exposure to altered PrP (β-sheet) thought 

to cause disease 



Classification of Animal Viruses 

• Criteria 

• morphology 

• nucleic acid properties 

• genetic relatedness 

• Including sequencing data  

and nucleic acid hybridization 



Virus family descriptors  

used in virus taxonomy 



Architecture of a Virus 

Morphology of a nonenveloped  

polyhedral virus. 

Morphology of an enveloped  

helical virus. 



Architecture of a Virus 

Morphology of a helical virus. 

Morphology of complex viruses. 
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Single-stranded DNA viruses 



RNA viruses 



Major vertebrate-infecting viruses 
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Viruses and Bacteria Compared 



The Virus Life Cycle 



Reproduction of Animal Viruses 

 

• adsorption 

• penetration and uncoating 

• replication of virus nucleic acids 

• synthesis and assembly of virions 

• release 



The Biosynthesis of DNA and RNA Viruses Compared 



Replication of a DNA-Containing Animal Virus 



Pathways of  

multiplication  

used by  

various  

RNA- 

containing  

viruses 



Multiplication  

and inheritance  

processes of  

the Retroviridae 



Budding of an enveloped virus 



How Does a Virus Infect a Cell 

• A Virus must attach to  

the host cell  

before it can penetrate 

 

• A common method of 

attachment involves the 

binding of one of the spike 

proteins on envelope of the 

virus to a specific receptor 

on the host cell 

 

• An example is HIV 

attachment 



Surface Markers on T and B Cells 



Retroviruses 

• A retrovirus implies that replication is backward 

compared to the central dogma of molecular biology 

 

• The genome of a retrovirus is single-stranded RNA 

 

• Once it infects the cell, the RNA strand is used as 

template to make double-stranded DNA 

 

• Retroviruses have been linked to cancer and AIDS  



Life cycle of a Retrovirus 

Long terminal repeats (LTRs) 

are found in retroviral DNA, 

flanking functional genes. 

They are used to integrate 

into host genomes.  

The LTRs are partially 

transcribed into an RNA 

intermediate, followed by 

reverse transcription into 

complementary DNA (cDNA) 

and ultimately dsDNA 

(double-stranded DNA) with 

full LTRs. The LTRs then 

mediate integration of the 

retroviral DNA via an LTR 

specific integrase into 

another region of the host 

chromosome. 

Retroviruses such as Human 

Immunodeficiency Virus (HIV) 

use this basic mechanism. 



Long terminal repeats (LTRs) 

• The integrated provirus has two LTRs.  

• The 5' LTR normally acts as an RNA pol II promoter. The transcript begins, 

by definition, at the beginning of R, is capped, and proceeds through U5 

and the rest of the provirus, usually terminating by the addition of a poly A 

tract just after the R sequence in the 3' LTR. Transcription is not 

terminated in the 5' LTR, probably due to failure of formation of secondary 

structure in the RNA which uncouples RNA polymerase, analogous to 

bacterial attenuation. Occasionally the stop signal in the 3' LTR is "read-

through" and terminated in host flanking sequences, these hybrid 

transcripts could then be efficiently packaged and transmitted in virions. 

This process may play an important role in transduction of oncogenes. 

 

• The 3' LTR is not normally functional as a promoter, although it has 

exactly the same sequence arrangement as the 5' LTR.  

Instead, the 3' LTR acts in transcription termination and polyadenylation. 



Retroviruses (Cont’d) 

• Retroviruses have certain genes in common 

 

• Coat proteins- genes for proteins of the 

nucleoplasmid 

 

• All retroviruses have genes  

for reverse transcriptase (RT), and  

for envelope proteins (EP) 



Typical Retrovirus Genes 



Summary of Retroviruses 

• Retroviruses have a genome based on DNA.  

When they infect cells, their RNA is turned into DNA 

by RT. The DNA is then incorporated into the host’s 

DNA genome as a part of the replication cycle  

for the virus 

• Retroviruses all have certain genes in common 

• Some retroviruses also have identifiably unique 

genes, e.g., the Sarcoma oncogene and the Rous 

sarcoma virus 

- Viruses are also used in Gene Therapy  

(see Biochemical Connections, pg. 412) 



The Immune System 

• The immune system allows for the distinction 
between self from nonself 

 

• This allows cells and molecules responsible for 
immunity to recognize and destroy pathogens 

 

• The immune system can also go awry in 
distinguishing self from nonself. This results in an 
autoimmune disease, in which the immune system 
attacks the body’s own tissues 

 

• Allergies are also another type of improper 
functioning of the immune system 



Immune System : 2 branches 

• The Innate Immune system = 

• a general response to anything other than 

recognized “self cells” 

 

• The Adaptive Immune System = 

• a specific counter-assault against a “known 

foreign” invader [previously  recognized] 



What Happens during an infection? 

• Innate Immunity -                                                   

the troops are called to battle… 
• injury & infection 

• macrophages slip between cells [extravasation] to 
arrive 

• cytokine chemicals attract other “troops” 
[chemotaxis] 

• histamine chemicals dilate blood vessels for 
easier access to injury  [vasodilation]   
 

http://www.muhealth.org/~pharm204/inflammation.mov


What are macrophages ? 

• Phagocytic cells -     

able to ingest small foreign 

invaders 

• neutrophils 

• monocyte 

 
 

• They release                         

cytokines that                        

enhance the                                

immune response 

 

http://www.mnsfld.edu/~mcb/images/macrophage.gif


Adaptive Immunity 

• Macrophages are able to launch the first 
strike… 
 

• more help is needed to overcome rapidly 
reproducing invaders… 
 

• Help from the ADAPTIVE IMMUNE System 
results in a coordinated successful defense ! 
 

• Major players . . . the  B lymphocytes 
 



How can antibodies distinguish  

our self from foreign invaders? 

• Adaptive Immune System - function 
 

• There are 2 types of lymphocytes: 
 

• T lymphocytes    [ T - Helper cells ] –  
help signal  immune cells into action 
 

• B lymphocytes  [ B cells ] -   
make special proteins called antibodies 

 



Lymphocyte Maturation 



Comparison of T and B Cells 



Simplified scheme  

of hematopoiesis 
In the marrow, 

hematopoietic stem cells (HSC)  

give rise to two different lines— 

a common lymphoid precursor (CLP) 

and a common myeloid precursor 

(CMP). CLPs give rise to T/NK 

progenitors, which differentiate into 

T and NK cells, and to B-cell 

progenitors, which become B cells and 

dendritic cells. The CMP differentiates 

into neutrophils, monocytes/ 

macrophages, eosinophils, basophils, 

erythrocytes, and platelets. 



Innate and Adaptive Immune Responses 



Summary 

• Vertebrates have an immune system 

• Innate immunity consists of physical barriers and 

cellular warriors 

• Acquired immunity is based on two types of T cells 

and on B cells. These cells are generated randomly 

with receptors that can be specific for an 

unimaginable number of antigens 

• When cells encounter their specific antigens,  

they are stimulated to multiply 


