MSKC 2005


Question 1
Open the Human (D crystallin (H(D-Crys) structure html file in Internet Explorer.  Rotate the molecule and get an idea of the three dimensional structure of (H(D-Crys).  H(D-Crys is a soluble human eye lens protein.
I.  The true 3-dimensional structure of H(D-Crys can be observed using the “Show Spacefill” button, and a trace of the peptide backbone can be observed using the “Show Ribbon” button. 

1. If possible/applicable, describe the following types of structural features of H(D-Crys:

a. Secondary:  The secondary structure is described as (-helical or (-sheet.  Remember that secondary structure is controlled by backbone hydrogen bonds between amino acids.   H(D-Crys is primarily (-sheet, but has two small (-helices; one at the top of each domain.
b. Quaternary (Hint: Use the “Color Ribbon by Protein Subunit” button):  The quaternary structure of a protein created by a number of distinct interacting amino acid chains.  If we color H(D-Crys by chain we find there is only one amino acid chain and, therefore, no quaternary structure.  There are two (-sheet domains in the protein, but they are both from one amino acid chain.  
2. Does there appear to be a gap between the two protein domains in the ribbon structure representation?

Yes.
3. Does there appear to be a gap between the two protein domains in the spacefill representation?

No.
4. Which of the two representations (spacefill or ribbon) more accurately represents the actual structure of H(D-Crys in the cell?  Why?
The spacefill model is a more accurate representation of what H(D-Crys looks like in the cell.  The spacefill representation shows the Van Der Waal radius or electron density clouds of all non-hydrogen atoms in the protein.  The ribbon structure simply shows a trace of the polypeptide backbone without showing any amino acid side chain atoms.
II. Let’s now look at some interactions important in maintaining the tertiary structure of H(D-Crys.  

1.  Choose “Central Cluster”
a. What are the names of the amino acids involved in this interaction? (Hint: It may help to change the representation of the residues to ball and stick by clicking in the box labeled “Ball and Stick on/off” below the 3D window.  Keep in mind that in cpk coloring, gray is carbon, blue is nitrogen, and red is oxygen.  Hydrogen is not shown!)
The interaction involves a methionine, a  phenylalanine, two valines, an isoleucine, and a leucine.
b. What type of amino acids are the residues in the central cluster (acidic, basic, hydrophobic, or polar)?

All of the residues are hydrophobic amino acids.
c. What type(s) of interaction(s) are formed between residues in this cluster?

All of the amino acids form a hydrophobic cluster and, therefore, are involved in van der Waals interactions.
d.   Select “Central Cluster with All Atoms Shown.” This view shows all the atoms of CBS (not including hydrogens) as transparent dots.  Describe the location of the central interaction in relation to the outside of the protein.  Why is this reasonable given that H(D-Crys is a soluble protein?

These amino acids are primarily found on the interior of H(D-Crys. There are a few areas that are solvent exposed, but most of the cluster is shielded from solvent.   This cluster would be happy being buried from a hydrophilic solvent like the cytoplasm or water because it the amino acid side chains are hydrophobic and like nonpolar environments .
2.  Choose “Interaction I”
a. What are the names of the amino acids involved in this inter-domain interaction?
There is an arginine and a glutamine residue in this interaction.
b. What types of amino acids are involved in this interaction (acidic, basic, hydrophobic, or polar)?

Glutamine is a polar residue, while arginine is basic.
c. What type(s) of bonding interaction(s) are found between these two residues?

These residues interact via a hydrogen bond.
d. Based on the 3-D structure of amino acid pairs, what parts of the amino acid are involved in forming the interaction (circle the correct answer)?

Only the amino acid side chains

Only the amino acid backbones

Both the amino acid side chains and backbones

5. Choose “Interaction II”
a. What are the names of the amino acids involved in this interaction?

There is a histindine and a glutamic acid involved in this interaction.


b.   What type of amino acids are the residues in the central cluster (acidic, 

basic, hydrophobic, or polar)?

Histidine is basic.

Glutamic acid is acidic.
c. What is the strongest type of bonding interaction found between these two residues?
These two amino acids form an ionic bond.

III.   There is a human version of the (D crystallin protein that is known to be involved in cataract formation in the eye.  Cataracts form when several proteins in the eye bond to one another and become a very large insoluble multi-protein complex.  


There is a point mutation that occurs in some children that changes the arginine normally found at position 14 to a cysteine causing them to develop cataract.  The overall 3-D structure of the protein remains the same despite this substitution.  In the human protein, there is normally a cysteine at position 110, too.  Click on the button labeled “Residues 14 and 110” to see the location of these two amino acids in the bovine protein.
1. Are the amino acids at positions 14 and 110 found in the inside or on the outside of the B(D-Crys structure?

They are found on the outside, solvent-exposed surface of the protein.

2. Would you expect inter (between cysteines on different crystallin molecules) or intra 

3. If both of these residues were cysteines, as in the human cataractous protein, what type of bond could form between them?

A disulfide bond could form between two nearby mutated crystallin molecules.

4. How could side chain bonding between residues 110 and 14 lead to cataract?

The cysteine at position 14 in crystallin molecule A could bond to the cysteine at position 110 of crystallin molecule B.  The cysteine at position 14 in crystallin molecule B then could bond to the cysteine at position 110 of crystallin molecule C.  This could continue on and on until a very large multi-protein complex formed.  Disulfide bonds are covalent bonds and are, therefore, very strong.  Covalent bonding between many adjacent crystallin proteins would eventually produce a huge protein complex composed of many different crystallin chains that would become insoluble and fall out of solution simply because of its enormous size.
