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Molecular modeling using Protein Explorer


A crystal structure is incredibly useful in understanding the structure-function relationship of a biological molecule. You can think about this structure-function relationship the way you would think about a car that is running. A car and an enzyme have many parts that are crucial for them to function properly. They both have structural elements that define their shape and size. They have components that are required for them to utilize energy, although admittedly some cars and SUVs (and enzymes!) can be optimized for increased efficiency. Some enzymes have elements analogous to doors that open up to allow a binding partner or a substrate access to a protected inner compartment. Often the “door” is held in a particular state (“open” or “closed”) and that state can be changed by a key modification such as phosphorylation or dephosphorylation of a nearby amino acid.

If you find that your favorite enzyme has been crystallized you are very lucky because growing crystals of high enough quality to yield high resolution structural information is no small feat. One particularly useful kind of crystal structure is that of an enzyme bound to its substrate so you may want to look for this kind of structure when you are searching the pdb files. Once you are armed with the structure of your enzyme you will be able to ask many interesting questions about how the structural elements of the enzyme contribute to its activity and function.
1) Which amino acids are important for substrate binding?

If you zoom in on the substrate binding pocket you can identify amino acids that form hydrogen bonds with the substrate which might be required for proper positioning of the substrate. Protein engineering might allow you to change the size of this pocket to allow larger or smaller substrates to fit.

2) Which amino acids are important for catalytic activity?

You might also identify amino acids that are potential catalytic residues- these are often histidines or glutamic acids. These might be ideal candidates for protein engineering strategies designed to inhibit the activity of the enzyme.
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3) Are there any ions that are important for the activity of the enzyme?
Sometimes you can alter the activity of the enzyme just by changing the composition of the buffer you keep it in. You could make your buffer with a different salt or you could add a chelating agent that specifically binds up ions such as magnesium or calcium. 
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4) Can I add more amino acids at the N or C terminus of the enzyme?
If the N or C terminus is not buried in the core of the enzyme and it seems to be “flopping in the wind” away from elements critical for function you may be able to add more amino acids there. Why would you want to do this? Adding a “tag” to one of the ends of your protein can be a very useful strategy for purifying your enzyme (more on this later in the module). Another possible strategy would be to fuse a fluorescent protein to the N or C terminus of your enzyme so you could watch where it goes in living cells.
5) Are there any structural elements that are worth tinkering with?

Messing with overall structure and shape of an enzyme may seem like a strange idea, but it has been done successfully for a number of proteins and enzymes. Sometimes enzymes can be broken into two separate domains by altering or deleting fairly small sections of the protein that hold the wild type enzyme together. Why would you want to do this? It would allow you to use an enzyme as a “reporter.” In this kind of protein engineering approach you are not necessarily interested in the enzyme itself, but you can use its activity to inform you about what two other proteins might be doing. For example, if you are interested in protein A and protein B you could fuse each of them to a separate half of an enzyme. If those two proteins never associate with each other you will not be able to detect any enzyme activity. But if they do come together, you will detect enzyme activity. This phenomenon is sometimes called “alpha-complementation” and has been used to ask and answer questions about subcellular localization of proteins. An alternative use for this kind of strategy is the “yeast two hybrid” strategy that allows high throughput screening for proteins that bind to one particular protein of interest. 
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Figure 1: Beta-gal bound to its substrate lactose: Zoom in on a single substrate binding pocket





Mutagenesis experiments and structural data have identified the following residues as critical for beta-gal enzyme activity


Active site nucleophile: Glu537


Active site assisting acid: Glu461


Substrate binding: Tyr503, Asn460, His357, His391, His540, Trp999 








(Juers et al 2001. Biochemistry 40(49):14785-94)





A view of lactose bound to the beta- gal active site


Mg2+ binds Glu416, His418, Asn597


Na+ binds Phe601, Asn604, Asp201 and lactose











Figure 2: Magnesium and sodium ions are critical for coordination of the substrate within the active site of beta-gal
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Figure 3: Beta-gal must form a tetrameric complex to be catalytically active. Deletion of amino acids 23-31 inhibits tetramerization and activity.�Can you use protein explorer to look at those amino acids?�
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