
To identify possible regions of the native proteins that could be involved in 
protein-protein interactions (PPI) that may lead to aggregation (or 
stabilizing native protein-protein interactions) protein-protein docking 
calculations have been undertaken. These are based on a FFT approach in 
which the FragMaps are used as a scoring function. The FFT-based 
approach makes it possible to exhaustively search all possible 
orientations of the target protein being docked against the reference 
protein.
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Motivation

Preventing protein aggregation is an important challenge in the development 
of protein-based therapeutics as biological drugs become increasingly 
popular. Non-native aggregation causes degradation and shortens the shelf 
life of drugs. In addition, aggregation of biologics may elicit immune 
response if administered to a patient. Thus, preventing aggregation is a 
major concern in formulation research.

Excipients are often added to improve stability of proteins and prevent 
aggregation. Three major mechanisms have been suggested regarding the 
role of excipients: 1) altering protein-protein interactions either by screening 
charges or preferential hydration, 2) changing the free energy of the unfolded 
species, so that fewer aggregate-prone species are available, and 3) driving 
native protein clusters to form.

In this preliminary study, we have developed and illustrated a computational 
approach to examine the effect of protein- excipient interactions using the 
SILCS methodology. The goal of this study is to identify a set of metrics that 
can be effective in identifying novel excipients that can prevent protein 
aggregation and stabilize the folded state of the proteins. The SILCS 
methodology utilizes a pre-computed ensemble of protein conformations, 
which makes it trivial to scan a large library of excipient molecules with 
respect to the entire protein surface. Notably, the SILCS pre- computed 
ensemble generated by combined Grand Canonical/Monte Carlo (GCMC) 
and Molecular Dynamics (MD) simulations are used to create FragMaps that 
include contributions from protein flexibility as well as desolvation of the 
protein and excipients, making it superior to other conventional 
computational methods. These FragMaps are then used for subsequents 
calculations used to predict excipient binding.
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2. Features derived from SILCS Competitive Excipient Mapping and SILCS 
PPI, and train a linear model in terms of “Time to OD350” or ΔTm. 
• Maximum LE value
• Average PE score
• Number of docking poses having strong RAA value and strong PE score 
• Number of docking poses having strong LE value and strong PPI score

3. Predict excipients that increase 
stability or prevent aggregation.
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The central idea is that data from the SILCS calculations may 
be utilized to develop models to predict excipient binding that 
may lead to stabilization of the native protein or inhibit PPIs. To 
that end we have used quantities generated by SILCS 
computations, e.g., average LGFE score, average LE score, 
number of ligand docking poses that bind to protein-protein 
interfaces, and so on, to build models that are predictive of 
experimental observables, such as ∆Tm measured by DSC 
(differential scanning calorimetry) or time to reach OD (optical 
density) of 0.1. DSC measures the change in heat capacity, 
which can be used to infer protein unfolding, whereas OD 
measures protein aggregation. 
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