
The protein-interaction network is represented with a graph where every pair of interacting proteins is
an edge of length 1. The simulations are run for temperatures ranging from 0 to 1 in units of the coupling
strength. The network splits to monomers at temperatures between 0.7 and 0.8, while larger clusters exist
for temperatures between 0.1 and 0.7.

Clusters are recorded at all values of temperature. The overlapping clusters are then merged and
redundant ones are removed by the procedure described below.

Monte-Carlo simulation

This method is used to find a tight subgraph of a predetermined number of nodes M . At time t = 0 a
random set of M nodes is selected. For each pair of nodes i, j from this set the shortest path Lij between i
and j on the graph is calculated. Denote the sum of all shortest paths

∑
ij Lij for this set as L0. At every

time step one of M nodes is picked at random, and one node is picked at random out of all its neighbors. The
new sum of all shortest paths L1 is calculated if the original node were to be replaced by this neighbor. If
L1 < L0, the replacement takes place with probability 1, if L1 > L0 — with probability exp(−(L0−L1)/T ),
where T is the effective temperature. Every tenth time step an attempt is made to replace one of the nodes
from the current set with a node which has no edges to the current set to avoid getting caught in an isolated
disconnected subgraph. This process is repeated until the original set converges to a complete subgraph, or
for a predetermined number of steps, after which the tightest subgraph (the subgraph corresponding to the
smallest L0) is recorded.
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FIG. 1. Time to find a tight cluster as a function of temperature. The cluster size is 7. The region with optimal
temperature is shown on the inset.

For every cluster size there is an optimal temperature which gives the fastest convergence to the tightest
subgraph. Fig. 1 shows the dependence of time to find a clique with size 7 in Monte-Carlo steps per site as
a function of temperature T . The required time increases sharply as the temperature goes to zero, but has
a relatively wide plateau in the region 3 < T < 7. Our simulations at other sizes suggest that the choice of
temperature at T ≈ M would be safe for any cluster size M within the range of sizes we used.
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