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Background 
 
The immune deficiency AIDS was first identified during the early 1980s due to the loss 
of T4 helper cells in infected patients. The virus HIV was swiftly recognized as the cause. 
HIV has spread rapidly in both the developed and the developing world and is one of the 
most significant health concerns in the 21st century. 
 
 

 
 

 
Figure 1. The prevalence of HIV infection around the world. Dark red countries 
are those with an infection rate over 15.0%, red countries are those with an 
infection rate over 5.0% and orange countries are those with an infection rate over 
1.0%. There are approximately 39.4 million people infected with the HIV virus 
worldwide (Figure from the WHO http://www.who.int/hiv/facts/en/). 

 
The virus itself is relatively simple and is comprised of a viral membrane that hosts a 
surface glycoprotein and encapsulates the viral RNA and a collection of functional 
proteins. The pol gene of the viral sequence encodes three very important viral proteins: 
HIV reverse transcriptase, HIV integrase and HIV protease. However, these three 
proteins are initially linked together and must be cut apart by the protease to yield 



functional units. It has thus been suggested that a small molecule, which inhibits HIV 
protease, can retard or even stop the replication of the virus by interfering with this vital 
process. 
 
Current Work 
 
Recent work completed in this lab has focused on the creation of a molecular design 
algorithm (http://web.mit.edu/tidor/www/research/michael_altman2.pdf) for generating 
potential protein inhibitors. The algorithm requires a protein structure and a defined 
active site as well as one or many scaffolds for the inhibitor. A database a molecular 
fragments can then be connected to this scaffold and the interaction energy optimized by 
using dead-end elimination theory [1-5] to find and remove solutions that can be shown 
not to be part of the optimal solution. The remainder are then searched to find the optimal 
set of solutions using the A* algorithm [6, 7]. 
 

 
 
 

Figure 2. The molecular surface of HIV protease from the protein data bank file 
(1A8G) highlighting the regions of positive (blue) and negative (red) electrostatic 
potential. The inhibitor SDZ283-910 is shown in green.                             

 
 
The scoring function used in the algorithm includes a grid-based calculation of the van 
der Waals interaction energy and a combined calculation of the electrostatic interaction 
and the desolvation terms using charge optimization theory [8-10] 
(http://web.mit.edu/tidor/www/research/michael_altman.pdf). The algorithm has made 
some useful and experimentally tested predictions and the validation procedure is 
ongoing. 
 



Future Work  
 
My work will centre on the application of this algorithm to the case of HIV protease. This 
is a particularly important problem, due to the potential of a successfully designed 
inhibitor, but is also a difficult one. HIV protease, along with many of the other viral 
proteins, is able to mutate swiftly and easily due to the poor copying fidelity of Reverse 
Transcriptase. This allows the virus to adapt rapidly, providing resistance to many 
inhibitors.  
 
HIV protease is also able to exist and operate in a variety of conformations and thus 
designing an inhibitor that will bind to these conformations becomes a difficult task. My 
work will be to attempt to circumvent these problems. 
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