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In Short

• Method development, investigation and optimiza-
tion for computational host-guest recognition of
protein complexes

• All-atom molecular systems with explicit solvation
for flexible protein-protein docking using replica
exchange molecular dynamics simulations

• TIGER2h with hybrid solvent potential energy cal-
culations for optimal resource efficiency with a low
number of replicas

Introduction The investigation of protein-protein
interactions (PPI) is one of the central points in struc-
tural biology and is important for the understanding
of protein’s functions in biological processes and for
the design of novel PPI inhibitors. An exhaustive
search in the 6D rotational-conformational space
of two interacting flexible molecules is computation-
ally demanding and highly challenging. However,
since the experimental elucidation of these complex
structures is much more difficult as for the individual
proteins, there is a high demand for accurate com-
putational methods. Comparable to protein-ligand
interactions with small molecules, it is possible to
apply docking methods to study PPIs, as well.[1]

Protein-Protein Docking Methods The two main
approaches for protein-protein docking are template-
and FFT-based predictions. While the first needs
high quality templates from similar proteins to pro-
vide accurate results, the FFT methods can be freely
applied without prior knowledge of the complex.

A wide range of applications and servers like
PIPER, ZDOCK, HADDOCK or pyDock are avail-
able to perform these calculations.[2] They are very
fast and quite accurate for rigid body docking, but ac-
counting for receptor and ligand flexibility is difficult
as the number of possible complex conformations
explodes.

To solve this problem at least partially, individual
protein conformations can be pre-calculated using
Monte Carlo simulations with coarse-grained protein

representations or by molecular dynamics simula-
tions (MDS). But efficiently sampling the backbone
and sidechain positions of both interaction partners
simultaneously during the docking process is still a
major challenge.[3]

Molecular dynamics simulations MDS using ex-
plicit solvation have been proven to be a useful tool
to accurately study the behavior of proteins and their
corresponding complexes in solution. But due to
sometimes large conformational changes and signif-
icant energy barriers between individual states, es-
pecially during protein complex formation, they often
get stuck in local potential energy minima. There-
fore, the successful application for the study of un-
known protein-protein/peptide interactions strongly
depends on the molecular system and is infeasible
within typical simulation times.

However, a wide range of enhanced sampling
methods have been developed to overcome this is-
sue. While most of them are used to study the con-
formational space of a single molecule, e.g. protein
folding, some can be generally applied to enhance
the sampling of the overall molecular system like
temperature replica exchange molecular dynamics
(T-REMD) simulations. These are very accurate but
are so computationally expensive that their use is
impractical.

TIGER2h(s) We recently developed an updated al-
gorithm of TIGER2 (temperature intervals with global
exchange of replicas) by Li et al. which combines
the resource efficient global replica exchange with a
fast implicit solvent potential energy calculation while
sampling the molecular system in explicit solvation
(TIGER2h).[4] A significantly improved version of
this algorithm, in terms of accuracy, reproducibility
and efficiency, was developed as part of a previous
HLRN project (mvb00012) and is currently submitted
for publication.

Compared to T-REMD, only a few replicas are
needed for each simulation, reducing the amount of
computational resources to a fraction.[5]

The flexibility of both, host and guest molecules,
can be freely adjusted using collective variables
while limiting the conformational space and prevent-
ing significant unfolding beyond the binding site. This
allows an induced fit like aggregation into the protein
complex. All simulations are performed with explicit
solvation to additionally include solvation effects and
bridging water molecules.
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Figure 1: Individual and heterodimer complex conformations of HIF2 alpha and ARNT C-terminal PAS domains. This protein complex
is part of the Protein-Protein Docking Benchmark 5.5 with a high level of difficulty since significant conformational changes of loop
regions are necessary for an accurate prediction.

While these simulations are much more compu-
tationally demanding than the FFT-based methods
and currently not suitable for high throughput, we
expect a significant increase in accuracy, especially
for larger conformational changes during the binding
process.

In one of our previous studies, we were able to de-
termine the homodimeric structure of the N-terminal
zinc finger of the protein BCL11B for the wildtype
and various mutants by using TIGER2h simulations
with excellent agreement to experimental data.[6]

Objective The aim of this project is to investigate
the suitability of TIGER2h for flexible protein-protein
docking on a larger data set and to identify any prob-
lems in its practical application.

Benchmark To estimate the overall performance
of TIGER2h for protein-protein docking, we are us-
ing the Protein-Protein Docking Benchmark 5.5 by
Weng et al., consisting of 250 experimentally deter-
mined protein complexes, divided into eight cate-
gories and three difficulty levels.[7]
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https://github.com/SLx64/TIGER2hs
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