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EXERCISES

2.1 To capture higher order interactions in proteins, one can construct the three-
body propensity function. The propensity P (i, j, k) for residues of type i, j, k to
interact can be modeled as the odds ratio of the observed probability q(i, j, k) of a
three-body (triple) atomic contacts involving residue i, j, and k, and the expected

probability p(i, j, k) P (i, j, k) ≡ q(i,j,k)
p(i,j,k) . To compute the observed probability

q(i, j, k), we can use: q(i, j, k) = a(i, j, k)/
∑

i′,j′,k′ a(i′, j′, k′), where a(i, j, k) is the
number count of atomic contacts among residue types i, j and k, and

∑
i′,j′,k′ a(i′, j′, k′)

is the total number of all atomic three-body contacts. For the random probability
p(i, j, k), let us assume it is the probability that three atoms are picked from a
residue of type i, a residue of type j, and a residue of type k, when chosen ran-
domly and independently from the pooled database of protein structures. Denote
the number of interacting residues of type i as Ni, the number of atoms residue of
type i has as ni, and the total number of interacting atoms as n.

a) Assume all three interacting residues are of different types, e.g., i 6= j 6= k,
what is the probability that we first pick up an atom from a residue of
type i, then an atom from a residue of type j, and with the third atom
picked up to be from a residue of type k?

b) Now consider all other possible sequences of picking up an atom each from
an i, j, and k residue type. Write down the formula for p(i, j, k).

c) When two of the three interacting residues are of the same type, i.e.,
i = j 6= k, what is the formula for p(i, j, k)?

d) When all three residues are of the same type, i.e., i = j = k, what is the
formula for p(i, j, k)?.

2.2 β-barrrel membrane proteins are found in a large number of pathogeneic
gram-negative bacteria. Their transmembrane (TM) segments are β-strands. We
can obtain the empirical propensity P (X,Y ) for interacting pairs of residue types
X and Y on neighboring β-strands as P (X,Y ) = fobs(X,Y )/E[f(X,Y )], where
fobs(X,Y ) is the observed count of X-Y contacts in the strand pair, and E[f(X,Y )]
is the expected count of X-Y contacts in a null model.


