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Outline

1. Nonsynonymous mutations in binding sites affects gp120 
and CD4 binding.

2. Variability of four subjects’ clones were analyzed across two 
visits to determine structural and functional differences.

3. Rapid progressors showed major mutations across all 
clones, but few highly variable amino acids appeared.

4. Moderate progressors showed multiple major mutations at 
amino acids that interact with binding sites.

5. Other studies identified position 317 in gp120 essential for 
antibody recognition. 
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Amino Acids are Categorized According to R Groups

https://www.mun.ca/biology/scarr/iGen3_06-02.html

Hydrophobic Hydrophilic

Nonsynonymous amino acid 
mutations are mutations across these 
two groups.



Amino Acids in Binding Sites Must be Highly Specific 
for Proteins to Successfully Bind With Ligands

http://oregonstate.edu/instruction/bi314/fall11/cellchemistrycontd.html

Intramolecular bonds



Interactions Between gp120 and CD4 cells Impact 
Progression of HIV-1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3405824/
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Mutations in Four Subjects’ Protein Sequences Were 
Analyzed to Determine Functional Differences

Question: How do mutations in gp120 affect function of the protein?
Hypothesis: Nonsynonymous mutations in gp120 in key locations 
will most greatly affect protein function.
● Subjects 4(RP), 9(MP), 11(RP), and 14(MP)

○ Different progressor groups, but same dS/dN values
● Clones collected from Visit 1 and Visit 4

○ Compare extent of change in structure over time
● Amino acids 269 - 363 in gp120 analyzed



Subjects Have Identical dS/dN Values in Different 
Progressor Groups



Major Mutations in Protein Sequences were Measured 
According to the Number and Importance of Substitutions 

● We measured the number of positions with:

○ Any amino acid substitutions

○ Major substitutions (hydrophobic to hydrophilic or vice versa) 

○ Multiple major substitutions across clones
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Subject 4 (RP)
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Subject 4 (RP)



Subject 11 (RP) Indicates Several Locations With 
Major Amino Acid Mutations



Subject 11 (RP) Has Mutations on gp120 Near Antibody 
Interaction Sites



Subject 11 (RP) Has Mutations on gp120 Near Antibody 
Interaction Sites
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Subject 9 (MP)
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Subject 9 (MP)



Subject 14 (MP) Indicates Multiple Major Mutations 
Between Clones at an Interaction Site



Subject 14 (MP) Indicates Multiple Major Mutations 
Between Clones at an Interaction Site
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Subject 9 and 14 Carry Mutations at an Antibody 
Recognition Site

● Edlefsen et al. 2015



Future Work

● See if mutations at site 317 persist in other subjects in each 
progressor group

●



Summary
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2. Variability of four subjects’ clones were analyzed across two 
visits to determine structural and functional differences.

3. Rapid progressors showed major mutations across all 
clones, but few highly variable amino acids appeared.

4. Moderate progressors showed multiple major mutations at 
amino acids that interact with binding sites.

5. Other studies identified position 317 in gp120 essential for 
antibody recognition. 



Acknowledgements

Thank you Dr. Kam D. Dahlquist, Department of Biology at Loyola 
Marymount University, and colleagues in BIOL 368.



References
● Edlefsen, P. T., Rolland, M., Hertz, T., Tovanabutra, S., Gartland, A. J., Magaret, C. A., et al. (2015). 

Comprehensive sieve analysis of breakthrough HIV-1 sequences in the RV144 vaccine efficacy trial. PLoS 
Comput Biol, 11(2), e1003973.

● Huang, C. C., Tang, M., Zhang, M. Y., Majeed, S., Montabana, E., Stanfield, R. L., ... & Wyatt, R. (2005). 
Structure of a V3-containing HIV-1 gp120 core. Science, 310(5750), 1025-1028.

● Kirchherr, J. L., Hamilton, J., Lu, X., Gnanakaran, S., Muldoon, M., Daniels, M., Kasongo, W., et al. (2011). 
Identification of amino acid substitutions associated with neutralization phenotype in the human 
immunodeficiency virus type-1 subtype C gp120. Virology, 409(2), 163-174. DOI: 
10.1016/j.virol.2010.09.031

● Kwong, P. D., Wyatt, R., Robinson, J., Sweet, R. W., Sodroski, J., & Hendrickson, W. A. (1998). Structure of 
an HIV gp120 envelope glycoprotein in complex with the CD4 receptor and a neutralizing human antibody. 
Nature, 393(6686), 648-659.  DOI: 10.1038/31405

● Markham, R.B., Wang, W.C., Weisstein, A.E., Wang, Z., Munoz, A., Templeton, A., Margolick, J., Vlahov, 
D., Quinn, T., Farzadegan, H., & Yu, X.F. (1998). Patterns of HIV-1 evolution in individuals with differing 
rates of CD4 T cell decline. Proc Natl Acad Sci U S A. 95, 12568-12573. doi: 10.1073/pnas.95.21.12568


