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Bioinformatics
HIV

Retroviruses

� Intracellular Parasites

� gag, pol, & env genes

� HIV-1

� Immune System

� Macrophage

� T-Cells

� AIDS

What is a Virus?

Viruses: Small living particles that can infect 

cells and change how the cells function. 

Infection with a virus can cause a person to 

develop symptoms. 

The disease and symptoms that are caused 

depend on the type of virus and the type of 

cells that are infected.

www.medterms.com

Why Study Viruses?

• Many important infectious diseases that afflict 
humankind are caused by viruses.  These can

– be fatal, 

– be uncomfortable and very contagious, 

– can cause congenital defects, 

– be carcinogenic.  

• Viruses can also affect the food supply, infecting 
crop plants and food animals.

• The relatively simple nature of viruses makes them 
useful as model systems for many of the basic 
problems in biology.

Ancient Egypt and Viruses Some Terminology

• Virion: A complete                                  

virus particle with its                                  

DNA or RNA core                                      

and protein coat as it                                               

exists outside the cell. 

Also called a viral particle.

• Capsid: the outer covering of protein 

surrounding the nucleic acid of a virus.
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Some Terminology (II)

• Pathogen: patho: disease, gen: producer

A disease producer.

The term pathogen is commonly used to 
refer to infectious organisms including:       
bacteria, fungi, and viruses, such as HIV.

• Virulence: the ability of an infectious agent 
to produce disease.  Many viruses are 
virulent sometimes and asymptomatic at 
other times.  

Retrovirus

• A retrovirus is a single-stranded RNA virus 

that employs a double-stranded DNA 

(dsDNA) intermediate for replication.

• The RNA is copied into DNA by the enzyme 

reverse transcriptase.

• The dsDNA is integrated into the host 

chromosomes, from which it is transcribed 

to produce the viral genome and proteins 

that form new viral particles.

Complimentary DNA

A,C,G,T A,C,G,U
20 Amino
Acids

Adenine (A) Adenine (A)     {A-Y}-{BJOUX}

Guanine (G) Guanine (G)

Cytosine (C) Cytosine(C) 

Thymine (T) Uracil (U) 

cDNA

Life Cycle of a Retrovirus

Provirus Formation

Continued on next slide
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Transcription of Viral Genes Life Cycle of Lentiviruses 

Lentiviruses are slow viruses. The course of infection with 

these viruses is characterized by a long interval between 

initial infection and the onset of serious symptoms.

HIV is a Lentivirus

• Lentiviruses are retroviruses.

• HIV is a retrovirus that belongs to the class of 
lentiviruses.

• Other lentiviruses infect nonhuman species. 

– Example

• Feline immunodeficiency virus (FIV) infects 
cats

• Simian immunodeficiency virus (SIV) infects 
monkeys and other nonhuman primates.

FIV and SIV

• Like HIV in humans, these animal viruses 

primarily infect immune system cells, often 

causing immunodeficiency and AIDS-like 

symptoms. These viruses and their hosts 

have provided researchers with useful, 

albeit imperfect, models of the HIV disease 

process in people.

• Humans inherited HIV from chimpanzees 

and mangabeys and since then, HIV has 

diversified and continues to do so.

Gag Pol and Env

Retrovirusesencode at least three proteins that 

take in viral replication: the products of the 

gag, pol, and env genes.

– gag encodes for the core proteins, structural virion 

components. It plays a role in the maturation of the 

RNA genome.

– pol encodes the reverse transcriptase and the 

integrase 

– env encodes the structural protein that surrounds 

the virus. This protein is necessary for the virus to 

leave the cell to infect other cells.

Retroviral mRNA
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HIV

• The human immunodeficiency virus 
(HIV) is the virus that causes acquired 
immune deficiency syndrome (AIDS).

• HIVmoves from person to person 
when a bodily fluid containing the 
virus, usually blood or semen, carries 
the virus from an infected person 
directly onto a mucous membrane or 
into the bloodstream of an uninfected 
person.

HIV Structure

HIV Transmission

• The HIV virus can be transmitted 
during heterosexual sex, homosexual 
sex, oral sex, needle sharing, 
transfusion with contaminated blood 
products, childbirth, and 
breastfeeding.

• The HIV virus has spread via different 
routes in different regions since first 
recognized by medical professionals 
in 1981.

What is HIV?

• Like all viruses, HIV is an intracellular 

parasite. 

• It is incapable of an independent life and is 

highly specific in the cell types it afflicts.

• HIV parasitizes components of the human 

immune system: macrophages and T cells.

• HIV uses the enzymatic machinery and 

energy found in these cells to make copies 

of itself, killing the host cells in the process.
http://www.niaid.nih.gov/factsheets/howhiv.htm

Macrophages and T Cells

• Macrophage - a large immune system cell that 
devours invading pathogens and other intruders. 
Stimulates other immune system cells by 
presenting them with small pieces of the 
invaders.

• CD4+ T cells - white blood cells that orchestrate 
the immune response, signaling other cells in the 
immune system to perform their special 
functions. Also known as T helper cells, these 
cells are killed or disabled during HIV infection.

HIV Life Cycle
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Two phases of HIV

Extracellular phase:

Virion or virus particle

Intracellular phase or 

parasitic phase:

Virus replication

HIV-1 Virion

Each component of  env consists of:

- a cap made of three gp120, and

- a stem consisting of three gp41 

molecules that anchor 

the structure in the viral envelope

Genome of HIV-1 HIV Genomic Organization
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gag, pol, and env Difficulty of HIV Treatment

• HIV uses the host cell’s own enzymatic 
machinery: 

– its polymerase

– its ribosome

– its tRNAs

• Drugs that interrupt the life cycle of the 
virus are almost certain to interfere with the 
host’s cell enzymatic as well and thus 
causing serious side effects.

Stages of HIV Infection

Stages of HIV infection in a typical untreated patient

T-Cell Survival After Exposure

The Origin of HIV Virus


