
3.2.2. Evaluation of Predicted Protein Clusters
Determining the accuracy of computationally derived

protein complexes is more challenging than establishing the
accuracy of the corresponding binary interactions. This is
partly due to the fact that there are varying definitions of
the protein complex itself, while protein interactions are more
clearly defined. Also, it is feasible to establish negative gold
standards for protein interactions, suggesting which proteins
might not interact,55 while it is generally far more difficult
to say with certainty which proteins do not exist in the same
complex. If there were a well-established set of reference
protein complexes, assessing the accuracy of members would
be a more realistic issue. Yet such gold-standard complexes
are infrequent, especially for mammalian systems. Last,
whereas binary protein interactions have been studied on a
large scale for almost a decade, high-throughput protein
complex determination studies only began a few years ago.
Therefore, the resulting state of knowledge of protein
complexes is less than comprehensive.
As mentioned briefly above, the MIPS9 database currently

contains 68 stable complexes (217 subcategorized com-
plexes) characterized in yeast consisting of 1297 nonexclu-
sive subunits and is widely regarded as being the most
comprehensive list of protein complexes available. This
reference set was used in the machine-learning algorithm of
Krogan et al.13 to assign confidence scores to novel protein
interactions and complexes. Gavin et al.12 likewise compared
their computationally derived complexes with reference to
the MIPS dataset to determine clustering accuracy and found
their experimental dataset to have 73% coverage. However,
even the highly curated MIPS database is suspected to be
biased and contain errors,55 and it is debatable if experimental
divergence from MIPS data is a sign of decreased accuracy
or gain of knowledge.

Aside from comparisons to known complexes, another
approach in protein complex validation is to examine
overlapping functional characterization using protein/gene
annotations in databases such as GO,103 OMIM,127 or
KEGG128 or examine similarity of the patterns of gene
expression. This stems from the logic that interacting proteins
are by definition functionally linked and the experimental
observation that proteins of similar function show similar
expression patterns.129-131 However, recent evidence has
shown that the pathways and functional modules of cells may
be subject to much more cross-talk and intermember
promiscuity than previously thought,6,132 and therefore,
functional- and expression-based interpretations can lead to
oversimplification.
Ultimately, clusters are perhaps best modeled after a

biologist’s own sense of what constitutes a functional
module. Some authors prefer to use gold standards as an
objective measure, which they believe to represent protein
complexes and hence score PPI data accordingly. As
previously mentioned, a common framework for firmly
establishing the nature of protein modules would serve to
unify the community and potentially increase the body of
known complexes; however, as of yet no such initiatives
exist.

4. Human Complexosome: A Case Study
With the broad array of both experimental and computa-

tional methods as well as the lack of consensus in defining
the nature of the protein complex, definitive protocols for
large-scale complex detection can be difficult to establish.
For this reason a working example of how protein complexes
might be elucidated in a human setting can help to illustrate
the issues and caveats at hand.

Figure 3. Visualization of a protein interaction network. The Cytoscape software package was used to display the first 10 000 interactions
in the human cancer protein interaction map. Display was created using Cytoscape’s organic layout option. The large cluster in the middle
of the figure represents the largest connected subgroup of the interaction network, while connections below and to the above right of the
graph represent other nonconnected units. (Inset) Representation of one cluster obtained using the MCODE algorithm. Cluster members are
highlighted.
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