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Retroviruses                                            
Molecular Biology/Replication 
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Retroviruses 

• A group of RNA viruses that replicate via a 

DAN intemediate using Reverse 

Transcriptase.  A different paradigm for 

replication.  Transition from a RNA world. 
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Reverse Transcriptase and Retro elements are all 

around you. 



Retroviruses Classification by RT Sequence into 

Seven Families Spumavirus  exog. infection from primates, no 

disease 

is closely related to MLV endo/exo oncogene  numerous mammals 

and XMRV ASSOCIATED Prostate CA. Lentiviruses HIV-1,-2, SIV, 

EIAV, CAEV, VISNA is distantly related. 

D-type viruses Primates-MPMV, SAIDS 

  

is closely related to B-type viruses endog/exogen milk-borne agent-

mouse and ALV-related endog/exogen avian oncogene. BLV-HTLV 

exog, no oncogenes, neoplasms are distantly related. 
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Lentivirus Relationships 
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Retoroviruses Conventions 
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Retrovirus Conventions 
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Retrovirus glossary 

• gag:  group antigen 

• pol: polymerase 

• env:  envelope 

• tat: Transactivator 

• rev:Regulator of  

Expression of Virion 
proteins 

 

• U3: unique sequence in 3’ 

region 

• U5: Unique sequence in 5’ 

region 

• R: Repeat sequence 

• PBS Primer binding site for 

initiation of RT 

• Ppt: polypurine tract primer for 

RT 

• TAR: Tat activating sequence 

• RRE: Rev responsive element 

• Provirus: copy of retrovirus 

that is integrated into host 

genome 
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HIV replication, attachment 
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HIV attachement and Entry 

• Virus Factors      

 Attachment: Env glycoprotein gp120 

 Entry: Env glycoprotein gp41 

• Host Cell Factors      

 Receptor: CD4      

 Co-receptor: CXCR4, CCR5 



HIV Drug Resistance Program 

NCI-Frederick 

HIV coreceptor blockade 
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HIV Fusion-Gp41 
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HIV gp41 
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HIV replication 
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HIV Post-Entry Events  

•Uncoating is a fundamental step in virus replication 

 Restricts replication      

 Source of host range restriction     

•Requires interaction between viral and cellular factors 

•Virus: Gag        

  

•Cell: Trim 5-alpha        
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HIV Post-entry events      

 Host Trim 5 alpha       

 HIV infects the human and chimp but not the 

monkey          

 SIV Chimp infects the human and chimp but 

not the monkey        

 SIV monkey infects the human and monkey 

but not the chimp 
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Positive Selection in Trim 5-alpha  
   

• Trim 5 alpha undergoes 

genetic change faster than 

many genes 

• Working hypothesis  

– human populations undergo  

waves of pandemics 

– Humans that survive have trim 

5alpha variant that excludes 

infection 



HIV Drug Resistance Program 

NCI-Frederick 

HIV uncoating 

 

 



HIV Drug Resistance Program 

NCI-Frederick 

Reverse Transcriptase 
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Reverse Transcriptase 
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Reverse Transcriptase Enzymatic Activities 

• RNA-dependent DNA polymerases 

• RNase H 

• DNA-dependent DNA polymerases 

• Error rate of 1/100,000 bases synthesized 

• Recombination occurs during reverse transcription 

permitting reassortment of sequences 

• Replication rapid and error prone 
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Error-Prone HIV replication 
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Translation of HIV gag/pol and env 

paradigm: Process Polyprotein Precursors 
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HIV Particle Maturation 
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HIV maturation 



Retroviruses 

Emergence/Spread 
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Lentivirus Relationships 

• HIV-2 is closely related to SIV-smm, shereas 

SIV-syk is distantly related 

• HIV-1 and SiV-cpz are closely related 

whereas SIV-agm and SIV-mnd are distantly 

related 

• VMV and CAEV are closely related whereas 

EIAV and FIV are distantly related. 
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HTLV distribution 
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HTLV-I ATL 

• Long Latency (>30  years) 
• Small pediatric series in SA 

• Epidemiology 

–  Approximately 1% of HTLV- I infected adults  

• Associated syndromes 

– Infectious 

• TB, MAC, Leprosy 

• PCP 

• Strongyloides 

• Scabies esp. Norwegian scabies 
– Noninfectious-hypercalcemia+lytic bone lesions 

• Therapy-Chemotherapy, Ifn, anti-Tac 
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HIV-1 PANDEMIC RISK      

 22.4 M cases in Africa      

 2.4 M cases in Europe      

 4.6 M cases in Asia      

 1.6 M cases in North America    

 2.0 M cases in South America     

 33.0 M cases in the world       



Higher Primate Origins of HIV-1 
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Bushmeat Trade in Central and West Africa 
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HIV evolution   

M originated in 1930,  

H originated in 1935,  

B orginated in 1941,  

C originated in 1949,  

D originated in 1950,  

J originated in 1951 and  

F orginated in 1966 
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HIV Spread        

 Biologic         

 Blood and body fluid      

 Iatrogenic         

 Blood transfusion      

 Vaccination-needles not vaccine    

 Mother to Child        

 Non-Biologic       
 Political         

 Economic          

 Multiple Epidemics      
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HIV spread 
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Zoonotic Transmission 
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HIV spread 
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Spread of non B subtypes 2003 

  



HIV Drug Resistance Program 

NCI-Frederick 

Evolution of AIDS 
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Cumulative U.S. AIDs cases as of 2/83 N = 

1000 
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Cumulative U.S. AIDs cases as of 5/85 N = 

10000 
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Cumulative AIDs cases as of 7/89 N = 

100000 
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Cumulative AIDs cases as of 12/95 N = 

500000 
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HIV infection map 
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New cases of HIV/AIDS-USA 
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Trends in US HIV Epidemic (CDC) 

• Race/ethnicity 

– African Americans exceed white/not hispanic as most common 

patients living with AIDS 

• Geographic spread from metropolitan areas 

– ~12% of cases in locations with  population <50,000  

• Women  

– comprise > 25% of all AIDS cases  

• Age 

– 11% of AIDS cases are 50+ years old 

– By 2015, 50% of Persons living with HIV will be >50 yo 
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AIDS warning 
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HIV Replication Steps Serve as Antiviral Targets 
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AIDS warning 
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Retroviruses:   
Lessons    
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●Viruses are bad and should be avoided    
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Summary   

●Viruses are bad and should be avoided 

●except when they save the planet               

●and maybe it saves you from the next 

virus 

●Epidemics are not single events 

●Epidemics evolve    

 


