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Elucidating the molecular interactions of the 
L-nucleotide analogs with the complex of 

HIV-1 reverse transcriptase and DNA and 
the mechanism of drug resistance conferred 

by the M184V mutation 



Crystal structures of p66 and p51 subunits in HIV-1 RT

Jacobo-Monlina et al., 1994, Proc. Natl. Acad. Sci. USA, 90, 6320-6324



Ternary crystal structure of HIV-1 RT-dideoxyDNAdTTP 

Huang, H., Chopra, R., Verdine, G.L. & Harrison, S.C. Science 282, 1669-75 (1998).



(-)3TC: Lamivudine
(-)FTC: Emtricitabine



• Structural basis for the binding and incorporation 
of L-nucleotide analogs by HIV-1 RT

• Mechanistic basis for >500 fold clinical resistance 
to (-)FTC and (-)3TC via M184V in HIV-1 RT



DNA: 18/26-mer
5′-GTCCCTGTTCGGGCGCCC-3′

3’-TGTCAGGGACAAGCCCGCGGGGAGTA-5’

• M184V confers >500 fold resistance to FTC and 3TC in clinicals 



Wt RT-DNA vs M184V-DNA Wt RT-DNA•dCTP vs M184V-DNA•dCTP

M184 mutation does not affect DNA and dNTP binding



RT-DNA•(-)-FTC-TP RT-DNA•(-)-3TC-TP 

RT-DNA•(+)-FTC-TP RT-DNA•dCTP 

M184V-DNA•(-)-FTC-TP M184V-DNA•dCTP 



Wt RT-DNA•(-)-FTC-TP (light blue) 
vs
Wt RT-DNA•(-)-3TC-TP (red)

Wt RT-DNA•(-)-FTC-TP (light blue)
vs
Wt RT-DNA•(+)-FTC-TP (orange)

Wt RT-DNA•(-)-FTC-TP (light blue) 
vs
Wt RT-DNA•dCTP (beige)



Ternary crystal structure of HIV-1 RT-DNA•(-)-FTC-TP 

(A) Productive triphosphate binding conformation 
(B) and (C) Productive vs Non-Productive triphosphate conformation 



M184V-DNA•(-)-FTC-TP 
Wt RT-DNA•(-)-FTC-TP vs
M184V-DNA•(-)-FTC-TP 

(-)-FTC-TP conformations M184V clashes with sulfur in (-)-FTC-TP



Conclusions:
• (-)-FTC-TP and (-)-3TC-TP have higher binding affinities for 

wild-type HIV-1 RT but slower incorporation rates than dCTP.

• The higher binding affinities of the L-analogs are due to the 
sulfur atom in their oxathiolane while their lower incorporation 
rates are due to their two different triphosphate binding 
conformations.

• Relative to dCTP, M184V displays >200-fold and >9-fold  
lower affinities towards the L-nucleotides and the D-isomers, 
respectively.

• The M184V mutation repositions the oxathiolane of the L-
nucleotides and shifts their triphosphate into a non-productive 
conformation
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