Advanced network topology: domain interaction networks
Until now, we have focused on proteins as being the smallest unit of a biological network.  But in reality, proteins are made of multiple domains, multiple units of distinct structure and function.  A new development in interaction network analysis is domain interaction networks.  These networks describe protein interactions more specifically, by considering a protein-protein interaction and identifying the specific domains, the portions of the proteins that interact with each other.  This is valuable for two reasons.

1. The technologies to measure protein interactions have high false positive rates.  One way to overcome this limitation is to determine when a measured interaction is supported another form of evidence.  Domain interaction data is useful here as another form of evidence.  If two interacting proteins are predicted to have two interacting domains, then their interaction is more likely to be real.

2. In many eukaryotes (especially mammals), there is a biological process called splice variation which often changes the domain composition of a protein.  In some conditions, a “long form” protein is produced, containing all domains.  In other conditions (frequently in diseases such as cancer), a “short form” protein is produced, with only some of the domains of the long form.  Usually, the short form will not interact with all the interactors of the long form, which will change the network topology and consequently the behavior of the network.  If you study a certain disease, and know something about what splice forms are produced under what conditions, then domain interaction data can tell you how the disease changes network behavior.

3. Along the same lines, if there is a genetic defect that causes a change in the protein amino acid sequence, it could cause a change in the biological network in two ways.  If it leads to a mutation of the binding site, then the network will almost certainly be altered.  But also, if it leads to a mutation in a domain involved in an interaction, the mutation might be enough to disrupt the domain structure (this happens frequently!), which in turn would disrupt the network.

This module will introduce you to domain networks under Cytoscape, and point you to a few resources for protein domain analysis.

1. In this section, we shall run through the Domain Network plugin for Cytoscape.  First, we need to start with a network.  The Domain Network plugin expects node names to be either UniProt protein IDs, or locus names.  The Agilent Literature Search plugin returns a network built with locus names.  So, we shall use that.

a. Under the Plugins menu, go to Agilent Literature Search.
b. In the Agilent Literature Search window, enter “P53” under Terms, “Cancer” under Context, and click the Use Aliases and Use Context buttons, as shown below: [image: image1.wmf]
c. Execute the search.  You should get a network on your Cytoscape desktop, such as the one shown below.  Recall that your network might differ from the one shown, because the literature search results are based on the most recent articles in PubMed (by default), and new articles are always appearing. [image: image2.wmf]
2. Now, we shall convert this network to a domain network

a. Under the Cytoscape Plugins menu, select Domain Network and Create Domain Interaction Network for Current Network.

b. A Cytoscape Message window should show up, as shown below.  Select Homo Sapiens, and click on Connect to database [image: image3.png]© O ) Cytoscape Message
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c. A Cytoscape Messages window will appear, informing you that there are some ambiguous protein names in your input.  What this means is that certain genes in your network correspond to more than one UniProt protein entry.  For exploratory purposes, this is fine (for formal purposes, UniProt protein IDs make better node identifiers here).   Click OK.

d. A new Domain Network network will appear on your canvas, as shown below (using hierarchical layout) [image: image4.wmf]
e. What is going on here?

i. Round yellow nodes represent proteins from the original network

ii. Square magenta nodes represent domains of those proteins

iii. The domains of each protein are organized into lists, and listed according to position in the protein sequence.

iv. Each protein is linked to the start of its domain list by a green arrow, labeled with edge type pl (for protein list).

v. Each domain links the next domain in the protein (if any) with a red arrow, labeled with edge type dl (for domain list).

vi. If there are interactions between any two specific domains, they are denoted by an undirected grey edge labeled with edge type dd (for domain-domain).

vii. Most proteins consist of one or more well-characterized protein domain, but some consist of none (such as sdfr1 in the illustration shown).  If some protein has no well-characterized domains, then it is shown with only a yellow protein node; any interactions involving this protein are denoted with undirected red edges with edge type pp (for protein-protein).

viii. If there is a domain-domain interaction between two proteins (in other words, if a protein-protein interaction could be mapped to a pair of domains), then by default the domain-domain interaction is shown and the protein-protein interaction is not shown.

3. For network analysis, our primary interest is in the domain-domain interactions.  Let’s see how to focus on these:

a. Under the Plugins menu, select Domain Network and Set Parameters.  The Domain Network Parameters window should appear, as shown.  Check the box next to Hide nodes without any visible domain-domain interaction edges and click OK.

b. Your network on the Cytoscape canvas should change as shown: [image: image5.wmf]
4. How can we interpret this information?  

a. Consider the interaction between the tumor suppressor tp53 and  the oncoprotein mdm2.  The mdm2 protein has two domains which both bind the tp53 protein: a SWIB domain and a RanBP2 domain.  Probably, this means that the mdm2 protein has two different domains that bind the tp53 protein at different times, to achieve different functions.  Additionally, these domain interactions increase the likelihood that these proteins really do interact.  What happens if either the SWIB or RanBP2 domain is missing (due to splice variation) or disrupted (due to genetic variation)

b. Just what do these domains do?  Here’s how we can get additional information. 

i. Click on the SWIB domain of mdm2. 
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ii. Now, right-click on this node.  This should bring up the menu shown: 
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iii. Select More Web Info.  This will bring up the following menu: 
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These are all links to additional sources of information.  The links labeled domains only are for the square domain nodes, while the links labeled proteins only are for the round protein nodes.

iv. Pfam is a useful resource for learning about the biological significance of a type of domain: select Pfam.  This should bring you to a page on the Pfam entry for the SWIB domain.  Reading the description, we learn that SWIB represses the activity of P53 (tp53).  So if the SWIB domain in mdm2 is missing due to variation or damaged due to mutation, then mdm2’s normal repression of tp53 will not happen.

c. Select the circular node for mdm2, return to the More Web Info menu, and select UniProt.  This should bring up the UniProt entry for Q00987, also known as mdm2.  You should see a line of links below the label.  

i. Click on the link labeled Features.  That should take you to the Feature Table section of the UniProt entry, where you will see information on the features of the protein (structural features), changes due to splice variation (VARSPLIC), and changes due to mutation (MUTAGEN).  In this table, all features and regions are listed by position on the amino acid sequence.  

ii. Observe that the VARSPLIC records tell us that there is a splice variant of this protein that chops out about half of the SWIB domain.  With such a big alteration, the domain probably wouldn’t execute its normal function, which is repressing the P53 protein.

d. When we compare the names of the Pfam domains for mdm2 with the names of the domains we see in UniProt, the correspondence is pretty clear.  This is not always the case.  We can check the sequence positions of the domains under Cytoscape, as follows:

i. In the Cytoscape Plugins menu, select Domain Network, and then Set Parameters.  

ii. In the Domain Network Parameter Settings window, click on the Node Labels tab.

iii. Check the boxes next to Add sequence start and Add sequence end, as shown below, and click OK. [image: image9.wmf]
iv. On your Cytoscape canvas, you should now see domain coordinates, as shown: [image: image10.wmf]
5. Take a few minutes to do some exploration.  Can you find any other cases in which mutations or splice variation might disrupt a domain network?  If so, what can you learn about the function of the domain from Pfam and from the other resources?

Congratulations!  You have now performed some very hard-core bioinformatics analysis!  Don’t forget to fill out the evaluation sheet before leaving.
