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Milestones in history 
 

Discovery of RNA tumor viruses 
1911 Peyton Rous, induction of sarcoma by filtrated extracts of chicken 

sarcoma, isolation of RSV, (Nobelprize 1966) 
1936  J.J. Bittner MMTVas causitive agent of mouse breast cancer 

1970 Howard Temin, David Baltimore discover Reverse Transcriptase 
(Nobelprize 1975) 

Oncogenes 
1976 H.E. Varmus, J.M. Bishop, P.K. Vogt, D.Stehelin discribe oncogenes in 

transforming retroviruses (Nobelprize 1989) 

humane Retroviruses 
1980 R.C. Gallo isolates HTLV I 

1983 R.C. Gallo, L.Montagnier und F. Barré-Sinoussi discribe HIV 
(Nobelprize to Montagnier u. Barré-Sinoussi, 2008) 



Retrovirusnomenklatur 

Alpharetroviren     aviäre Leukoseviren   
  Rous Sarcomvirus   
  a viäres Myeloblastomvirus   
  

Exogen/   
endogen   

Betaretrovirus   Maus - Mamma - Tumorvirus   
Simianes Retrovirus   
  

Exogen/   
endogen   

Gammaretrovirus   Felines Leukämievirus   
Mäuseleukämieviren   
Affenleukämieviren   
Murine S arcomviren   
  

Exogen/   
endogen   

Deltaretroviren   Humanes T - Zellleukämievirus   
BLV, STLV   

Exogen   

Lentiviren     Primaten Immundefizienzviren    
  ( HIV, SIV)    

Exogen   

Spumaviren     Exogen   

  
  



Gag Proteine: MA, CA, NC, 
Pol Proteine: RT, PR, IN 
Env Proteine: SU, TM 
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Gene products: Gag 

￭ Gag = group specific antigens 
￭ synthesis: Gag-precursor 
￭ cleavage by viral protease:  ￭ MA = matrix (or membrane-associated) 
         ￭ CA = capsid 
         ￭ NC = nucleocapsid 
￭ MA:  ￭ peripheral membrane protein 
 ￭ myristylation at the N-terminus   
     (association of MA with membrane;  
                    essential for viral assembly) 

￭ CA: ￭ forming a shell around the RNA 
                 (core-stability) 
 ￭ important for an early productive infection 

￭ NC: ￭ tightly bound to genomic RNA;  
               interaction with Ψ-site  packaging  
               Zn2+-dependent (stabilization, dimerization) 



Virus maturation 



Morita + Sundquist, Annu. Rev. Cell Dev Biol 2004 

Viral Late Domains 



Gene products: Pro-Pol 

￭ Pro-Pol = Protease-Polymerase 
￭ synthesis: Gag-Pro-Pol-precursor 
￭ cleavage by viral protease 
 
￭ PR: ￭ processing of Gag, Gag-Pro-Pol and Env polyproteins 
 ￭ converting virions into infectious particles  
 
￭ RT:  ￭ RNA-dependent DNA-polymerase 
 ￭ highly conserved 
 ￭ RNaseH activity, specificity to degrade RNA/DNA hybrids 
 
￭ IN ￭ endonuclease,  
 ￭ integration of the dsDNA genome into the host cellular genome 
 ￭ no prevalent target site specificity   

p14 PR p80 RT / RNaseH p46 IN 



Enzymatic Proteins: Reverse Transcriptase 

• DNA Polymerase Activity 
– Requires primer with 3’ OH termination 
– Template either RNA or DNA 
– Requires Mg++ (or Mn++) 
– Lacks proof-reading function; high error rate (10-4 

errors per base) 
• RNase H Activity (Nuclease specific for RNA in 

RNA:DNA hybrids) 
– Activity encoded in different domain than 

polymerase 
 



High error rate, cause of viral diversity 



Enzymatic Proteins: Protease 

• 10 kd, dimer  
• Cuts Gag polyprotein 

to MA,CA,NC 
• Aspartyl protease 
• Exquisite cleavage 

specificity 
• Major class of anti-HIV 

drugs are Protease 
Inhibitors 
 



Enzymatic Proteins: Integrase 

• Integrates retroviral DNA 
into host genome 

• Endonuclease activity 
• Drugs available for HIV 



Gene product: Envelope 

VRA VRB PRR SP 

p15 -TM 

R 

gp70 - SU 

￭ Env-precursor: cleaved by cellular protease into SU and TM 
￭ SU (surface): - mostly invariant sequences,  
            - interrupted by 2 regions of variable length: VRA and VRB 
            - glycosylated in the ER 
￭ VRA, VRB:  - highly variable 
  - VRA: major determinant for receptor choice 
￭ PRR: (proline rich region) flexible, allow for stability of receptor binding region 
￭ TM (transmembrane protein): anchor in the membrane, 
          R-peptide cleaved off in viral particle by viral protease  fusogenic Env 

Viral protease Cellular protease 
in the Golgi  

(furin/furin-like) 

Signal peptidase 
cellular, in ER 



Species Specificity in MLV-Tropism 

Ecotropic MLV 
  
Amphotropic MLV 
 
 
 
 
 

Murine 

Infection of Species: 

Non-Murine 
(Human) 

- 

Receptor 

mCAT-1 

Pit2  



SU 

TM 
conformational change 

transition 

cellular receptor 

cellular receptor 

Virus entry; cartoon of fusion process (1) 



Virus entry; cartoon of fusion process (2) 



Retroviral replication 





Retrovirus 
replication carried 

out by reverse 
transcriptase 



Retrovirus 
replication carried 

out by reverse 
transcriptase 

ppt 



Retrovirus 
replication carried 

out by reverse 
transcriptase 



splice site! 

Transcription start 

Primer during reverse transcription 



Integration 



Candidate mechanisms direct integration-site selection 



Transcriptional start regions are favored  
targets for MLV and HIV integration 



Pathogenese:  
Krebs und andere Krankheiten 



Oncoretroviruses 
Acute transforming viruses 

LTR   gag        pol     env    v-src   LTR 
RSV 

LTR ∆gag  myc ∆env LTR 
FSV 

￭ gain of cellular genomic sequences:  
 deleted, mutated, fusion with viral proteins 
￭ replication incompetent; need of helper virus for replication  
  (exception: RSV) 
 
￭ e.g. Rous Sarcoma Virus (RSV): v-src (non-receptor tyrosine kinase) 
         Murine sarcoma virus (MSV3611): v- raf  (Serine/Threonine kinase) 



Phosphorylation by  
Csk, Chk 

 

C-terminus not present  
in v-Src 

Comparison proto-oncogene (cellular) - oncogene (viral) 

inactive active 







Composition of the human genome 

 
54% 

Miscellaneous  
(Introns, regulatory 
regions, telomeres,  
microsatelites, etc.) 

 

3%  
DNA Transposons 

1-1.5 % 
Exons of 

functional 
 host genes 

34% 
Non-LTR-Retrotransposons 

8% LTR-Retrotransposons 



Endogenous / Exogenous Retroviruses 

- existence in somatic/germ cells and route of transmission 
 
￭ Exogenous Retrovirus  
  transmission from outside of the body; horizontally  
  functional genome 
 
￭ Endogenous Retrovirus  
  integration into germ cell line; in each cell of the body 
  transmission from mother to child; vertically  
  complete or disrupted genome; non-functional, 
                    partial expression (up to 8% of the human genome) 
  
 
 
 



45% of our genome consists of transposed or retrotransposed sequences 
 (pseudogenes, SINE, LINE, HERV) 
 

Genome structure of retroelements 

Size Examples    Copys/Genomes  

HERVs (human) 1-100 
IAP (mouse)Size  

Ty3 (Yeast)  102 to 104  

LINE 1 (human) 104 to 105  
  

Alu  (human) 105 to 106  
  



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books 
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