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Introduction  

HIV-1 protease is a member of the aspartyl protease family and is essential for the life-cycle of 

HIV. Inhibition of this protease prevents maturation of HIV particles and has therefore, been the focus for 

the design and development of many drugs that inhibit this enzyme.  There are over 100 structures of HIV 

proteases determined in complex with various drug candidates and peptidomimetic inhibitors.  Proteases 

are a large family of enzymes that undertake proteolysis or the hydrolysis of the peptide bonds that link 

amino acids together in the polypeptide chain. Aspartyl proteases are so known because they utilize an 

aspartic acid residue in the active site for catalysis. These enzyme typically have two highly-conserved 

aspartates in the active site and function optimally at acidic pH.  A rough schematic of the mechanism of 

action of an aspartyl protease enzyme is given below. 

 

 

 

 

Purpose 

This tutorial will analyse the structure of an HIV protease (EC Number: 3.4.23.16) using a 

variety of MSD tools and services that are all available on the internet from the MSD Portal at 

http://www.ebi.ac.uk/msd.  It is hoped that at the end of this exercise, the user will have learned how to 

use the MSD services and tools for searching and retrieving information from the MSD using selected 

search criteria, exploring ligand/inhibitor binding sites, understanding and evaluating structures on the 

basis of quality, as well as appreciate the concepts of protein folds and quaternary structure assemblies.  

http://www.ebi.ac.uk/msd


Requirements 

a) A computer running any operating system connected to the internet. 

b) Any modern web browser such as Internet Explorer/Firefox/Mozilla 

c) Java Run-Time environment 1.5 or higher. 

d) Rasmol/Raswin with mime-type chemical/x-pdb set in the browser to start rasmol/raswin 

when requested.  

e) If running firefox, then the installation of Biobar (http://biobar.mozdev.org/) may help aid 

searching MSD and other database.  

 

 

 

  

http://biobar.mozdev.org/


Structure of HIV Protease (PDB entry 1HSG) 
 

Let us start by loading the summary page for PDB entry 1HSG (XRAY Structure of HIV-1 

PROTEASE at 2 A resolution). Go to the MSD web page at http://www.ebi.ac.uk/msd and in the 

search box on the left side of the page titled ñGet PDB by IDò, type in the code 1HSG and click 

Go. This will load up a ñAtlasò page for PDB entry 1HSG as stored in the MSD database. The 

atlas page contains brief summary information regarding some important features of structure 

divided into tabs which are available on the left side of the page.  Every underlined item on the 

pages are links to help text items which give more information about the item. 

 

The  Summary Page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The summary page contains at-a-glance information about the structure including sequence 

information as well as any bound molecules present in the structure. Let us look at some of the 

http://www.ebi.ac.uk/msd


other information contained in the ñAtlasò pages for this entry. Later on in this tutorial we will be 

coming back to this page for more information. 

The Assembly Page 

The assembly page contain information about the probably quaternary structure of the protein as 

determined by the MSD PQS service (http://pqs.ebi.ac.uk). The PQS service is a database of 

manually annotated quaternary structures based on crystal symmetry, packing, and energy 

considerations.  

 

As you can see from the picture in the assembly page, there are two molecules of HIV-1 protease 

(colored green and cyan) with a single drug molecule bound in the center (in ball-and-stick). It 

would therefore, appear that the drug molecule binds in the interface of the two molecules of the 

enzyme with a 2:1 protein to inhibitor ratio. More information about this complex can be 

obtained from clicking on the ñHomo-dimericò link under the image.  

Let us look at the assembly structure of this protein in more detail. In your browser go to 

http://www.ebi.ac.uk/msd and choose the MSDpisa link from the Services section on the right 

side of the page. 

http://pqs.ebi.ac.uk/
http://www.ebi.ac.uk/msd


MSDPisa: Protein Interfaces, Surfaces and Assemblies 

 

PISA is an interactive tool for the exploration of macromolecular (protein, DNA/RNA and 

ligand) interfaces, prediction of probable quaternary structures (assemblies), database searches of 

structurally similar interfaces and assemblies, as well as searches on various assembly and PDB 

entry parameters. MSDpisa can also be used to upload oneôs own PDB file for the sort of 

analysis described below. 

Click on ñStart PISAò button and on the next page, type in 1HSG on the submission form. Wait 

for the page to update and ensure that the óProcess ligandsô is checked and displays MK1. 

 

 

 

 

 

 

 

 

 

 

Click on the assemblies button to get more information about the quaternary assembly predicted 

by PISA. 

 

 

 

 

 



This page gives more information on the predicted quaternary structure this protein is likely to 

have in solution. PISA indicates that the assembly structure is dimeric (AB[MK1]) and is likely 

to be stable in solution, and that the energy required to break this complex in about 25.4 kcal/M.  

You can also view the assembly by clicking on the ñView Selected Assemblyò button. 

Now choose the interfaces link on the top of this page to get more information about the various 

interfaces present in this structure. 

 

 

 

Each interface between protein and ligand MK1 is analyzed and shown on the page. For each 

interface, the symmetry operation, and various statistics are provided. Let us look at the first 

interface on this page. 

Click on the check box next to the 1
st
 interface and choose view selected interface to pop-up the 

Jmol viewer in a separate window. The interface residues from each protein molecule are colored 



in red and green respectively. Rotate this and you should see a tunnel inside the complex which 

is the site at which the drug molecule MK1 binds to the protease.  

 

 

 

 

 

 

 

 

 

 

Go back to the MSDPisa page for this entry and choose ñDetails of selected interfaceò to get a 

page of all interactions between the two protein molecules including hydrogen bonds, salt 

bridges etc.  

 

 

 

 

 

 

 



Also look at other interfaces in this structure, particularly the ones between MK1 and chains A 

and B of HIV-1 protease to get an idea of the interactions between the protein and the drug 

molecule. You can also view every interface as above. 

Another interesting feature on the interfaces page is the ñsearch PDB for interfaces between 

structures similar to those making the selected interfaceò which will search the PDB for all 

interfaces similar to the one seen on the page. Clicking on this button will perform an exhaustive 

search of the PDB for list any other interfaces in the PDB that are similar. There are 298 

structures in the PDB which have interfaces similar to the one seen in 1HSG.  If you scroll 

through the list you can see from the titles that all the interfaces which are 70% or more similar 

to the interface in 1HSG are all protease enzymes. This suggests that this kind of interface is 

highly specific to aspartyl proteases.  

 

 

 

 

 

 

 

 

 

 

 

 

Feel free to explore MSDpisa in your leisure time with your favorite structures at any time. 



Let us now go back to our Summary Page for PDB entry 1HSG. http://www.ebi.ac.uk/msd-

srv/msdlite/atlas/summary/1hsg.html.  

Go to the Sequence Link on the left side of the page to load the sequence information. There are 

links to GO, Interpro and Pfam databases based on the UniProt sequence database entry for the 

protein. Also provided are sequence alignments between the sequence from the protein structure 

and the UniProt sequence database.  Copy the sequence of the protein from the bottom of the 

page with your mouse for the next step of this exercise. 

 

Searching for information in the MSD using the MSDlite service 

The MSDlite service provides a form-based search functionality to the MSD database. This 

service allows the user to choose one or many criteria to search the database as well as to control 

what to see in the search results. Start the MSDlite service from the MSD home page 

(http://www.ebi.ac.uk/msd/) by choosing the appropriate link from the Services section. 

 

  

http://www.ebi.ac.uk/msd-srv/msdlite/atlas/summary/1hsg.html
http://www.ebi.ac.uk/msd-srv/msdlite/atlas/summary/1hsg.html
http://www.ebi.ac.uk/msd/


Paste the sequence of 1HSG that you copied over in the previous section inside the sequence box 

and click ñStart Searchò. This will perform a Fasta search of the entire MSD database and return 

only those results which match the sequence provided within a Fasta E-value of 1E-2.  The 

results page will look like that shown below. 

 

There appear to be many structures that match the sequence we provided in the MSDlite form. 

There are two links for each search result. The idcode link will open up the summary page for 

that entry, whereas the ñviewò link will open up AstexViewer which can be used to view and 

analyze the structure in further detail. 

 

 

 

 

 

 

 

 

 

 

 

You can refine the results and whittle them down if necessary by choosing the ñRefine the results 

of this searchò link and adding more constraints. 

Let us refine this query: click on ñrefine results of this searchò and on the search page check ñX-

rayò experiment type, 0.5 to 2.0 resolution structures and in the Results section on the right side 



choose ñPDB Title, Resolution, List of HET groups and Fasta E-valuesò. Click on ñStart Searchò 

to bring back refined results. In the results that come back sort the list by resolution. 

 

 

 

 

 

 

 

The highest resolution structure of a HIV-1 protease is PDB entry 2HS1 which is at 0.84A 

resolution. Make a note of this entry for the future. Feel free to look over the summary pages for 

this entry. This entry is in complex with another drug molecule assigned the code 017 and is very 

similar in configuration and structure to drug MK1 seen in 1HSG.  


