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Abstract

In a large number of cellular processes, the interactions between proteins play a crucial role. Hence, gaining knowledge on protein-protein interactions is of large interest in the fields
of molecular biology, systems biology and bioinformatics. We propose a method that enables the fast calculation of the potential of mean force V eff(r) as a function of separation r
between interacting protein pairs. This information can be used for predictions of possible favorable interactions between a given protein pair.

Introduction

The knowledge on protein-protein interactions is important since such interactions play an im-
portant role in many cellular processes. The formation of aggregates from protein monomers
in solution can occur by driven processes or via self-assembly. Here the effective interac-
tion between the monomers as a function of molecular separation (potentials of mean force
(PMFs)) is of vital importance. Protein-protein interactions can be measured by experiment
[1,2] or calculated from e.g. molecular simulations [3]. Currently, a systematic exploration of
a large number of protein-protein interactions is practically unfeasible due to the large amount
of time needed for both experiments as well as computations including detailed structural
features. Here we propose a coarse-grained computational approach that yields PMFs within
reasonable times. Using this the information we can address several questions:

• Will a given protein pair aggregate?;
• Can we discriminate between "real" protein-protein interactions and other crystal

contacts in Protein Data Bank (PDB) structures of complexes?;
• Can our model capture the main features of the interaction compared to full atom

models?;
• What is/are the main contribution(s) to the interaction (hydrophobic effects,

charges,...)?;
• How high are free energy barriers involved in the interaction?

Model and Methods

Our approach involves using a coarse-grained molecular model [4] that is extended to suit
protein simulations [5]. In this model four "heavy" atoms are lumped into one molecular
segment, e.g. four water molecules in one bead.

Figure: The Martini coarse-grained model for amino acids. Taken from Ref. [5].
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Figure: Coarse-graining by 4 heavy molecules/segments per bead.

We highly minimize the molecular system size as shown in the following figure.

⇒

Figure: How to reduce the system size? We are only interested in the region between the inferfaces.

In doing so, we take the following assumptions:
• protein-protein interactions are solvent mediated;
• the interaction does not involve formation or loss of covalent bonds;
• the interaction interface regions of protein pairs contribute dominantly to the total

interaction;
• the size of the interfaces is large compared to that of solvent molecules;
• (we can map the interfaces to a two-dimensional surface [6]).

Model and Methods (continued)

We will use a rectangular simulation box place the protein interfaces to each other on the
extrema of the box in the z-direction and average the force between the surfaces during
a simulation. To mimic equilibrium with a bulk solvent environment we will apply grand
canonical Monte Carlo.
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Figure: Grand-canonical Monte Carlo. During such simulations we measure the pressure on the “walls”.

The forces arise from direct surface-surface interactions and from interactions with the explic-
itly simulated solution situated in the volume between the surfaces. By performing simulations
at various separations r = z, we obtain the force as a function of r that we can transform
into an effective interaction V eff(r) as a function of r.

V eff = − ∫∞
0 drF (r) (1)

This PMF can then be used to predict protein pair aggregation and if so, what the interaction
free energy of the complex is [7]. The first step in setting up our method and model is
computing PMFs for complete protein pairs and comparing them to literature values. This
is performed using constrained MD using the GROMACS molecular simulation package.
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Figure: Potential of Mean Force through constrained MD.

We aim to extend the method for use with sequence-based databases, combined with structure
and surface/interface prediction methods. The combination of the coarse-grained molecular
model and the minimal system size is expected to enable large scale exploration of the possible
existence of protein-protein interactions in currently available databases.

Results

We have computed V eff(r) for two highly similar protein pairs. One is an agonist (1ao7)
that produced T cell activation in vivo while the other is an antagonist (1qrn).
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Figure: Mean force and potentials of mean force for 1ao7 and 1qrn.

The interaction strength we find is threefold lower than found in Ref. [3]. Further study is
needed to explain this difference.
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