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Antibodies’ primary purpose in the immune system is to discriminate between “self” and “non-
self” molecules in the organism and initiate the immune response in the second case. This is done
thanks of an immensely vast repertoire of possible sequences in the Complementary Determining
Regions (CDRs), which allow the antibody to recognize proteins or other macromolecules. In
recent years, this remarkable property has been exploited to transform antibodies into
biotechnological tools and drugs. The ability to use computer simulations to design antibodies
with desired biochemical properties would represent a major breakthrough for medicine and
biotechnology. However, this requires the ability to sample the large space of possible antibody
sequences in order to select one antibody with good affinity to its molecular target. The steady
increase in computational power in the last 50 years is opening unprecedented opportunities in
biology, as computer simulations of biological systems have become more accessible and can
reproduce experimental results more accurately.

In this talk, | will show that it is indeed possible to use computer simulations to replace
experiments in the limited but practically useful scope of improving the binding affinity of an
antibody to its target by using a combination of Molecular Dynamics simulations used to sample
the protein conformations, and a Monte Carlo algorithm to sample the space of sequences. The
antibodies designed with this method had an affinity comparable to the best ones obtained
experimentally and could be obtained within a similar timeframe. The methodology proposed
here could represent a valid alternative for improving antibodies in cases in which experiments
are too expensive or technically challenging and could open an opportunity for designing
antibodies for targets that have been elusive so far.
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