
A Bioinformatic Approach to Identify New Potential Resistance Relevant Amino Acid 
Substitutions (AAS) in HIV-1 Protease

BACKGROUND

Predicting potential drug resistance mutations is important when evaluating protein-drug
interactions of potential new antiviral drugs. HIV-1 Protease belongs to the large Retroviral
Aspartyl Protease (RVP) family, we suggest using evolutionary information inherited in the
family to investigate the most likely evolutionary amino acid substitutions (AAS).

METHODS
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Figure 1
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METHODS

Figure 1 shows the structure of the protein complexes in the RVP family (pfam: PF00077, 54135
sequences) (Finn et al., 2006). Figure 1A shows the structure of one HIV-1 Protease complex.
Figure 1B show an alignment (Chimera, Pettersen et al., 2004) of 30 randomly selected HIV-1
Protease complex structures from the RVP family. The structural alignment in figure 2B is
similar to that of figure 1B and shows that the overall structure is conserved within the family.
In this work we used a Hidden Markov Model (HMM) trained on sequences from the RVP family
to estimate plausible PI resistant-associated AAS within the HIV-1 Protease. The HMM is a
dynamic Bayesian network that can be used to model the order of amino acids in a protein
sequence. The emission probability, stored in the model, gives the probability for a particular
amino acid occurring at a particular position. From the HMM we extracted emission
probabilities for each possible AAS at the 38 positions (figure 2) reported in the IAS drug
resistance listing for HIV-1 Protease December 2008 version (Johnson et al., 2008), since they
are known as positions harboring potential drug-resistant AAS. The HMM is based on curated
and representative sequences from the RVP family (Finn et al., 2006).

RESULTS

Theoretically 760 AAS (20x38) are possible for the 38 evaluated positions within the HIV-1
Protease. Of these, the RVP-HMM detected a total of 229 AAS (30.1%) with a probability above
1/20 (0.05). Of the 229 AAS, 51 (70%) were among the 73 AAS included in the IAS listing as PI-
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1/20 (0.05). Of the 229 AAS, 51 (70%) were among the 73 AAS included in the IAS listing as PI-
resistant mutations, leaving 178 AAS with probabilities >0.05 as evolutionary plausible. Figure
3 show the probability distribution of all 20 amino acids for the 38 evaluated positions.
Inspecting figure 3 show that some positions in the RVP family have high variability of AAS.
One example is position 10 (L10) in figure 3 where several amino acids have similar
probabilities, and thus allow a higher number of AAS. An example of low variability is position
47 (I47) in figure 3. Here the amino acids I, L and V are dominant for that position. This
information could be important when evaluating interactions between proteins and potential
new antiviral drugs, since positions such as L10 are more likely to change and allow for
increased drug-resistance.

CONCLUSION

Based on exploration of the RVP family by HMM, 70% of the established PI-resistant associated
AAS could be predicted to occur. Additionally, 178 AAS were identified as evolutionary plausible
and potentially could result in drug-resistance. In conclusion, we provide a probability
landscape (figure 3) of plausible/unfavorable AAS based on inherited structure through
evolution and genetic distance, which could prove useful for future drug design.

Probability Distribution for each Amino Acid at 
38 IAS positions in HIV-1 Protease

Figure 3

The spheres show the location of 38 IAS positions (Johnson et al. 2008) in the HIV-1 Protease.
The red spheres indicate major mutations. The orange spheres indicate minor mutations.
The number on the red spheres indicate the position in the HIV-1 Protease sequence.
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Probability distribution for each amino acid extracted from the HMM-RVP family at selected IAS positions. Each color
represents an amino acid. The larger the coloured bar is, the higher is the probability for the amino acid with the
corresponding colour key to occur at that position.
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