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Universidade de Lisboa
Lisbon, Portugal
joao.b.dos.santos@ist.utl.pt

INESC-ID
Instituto Superior Técnico,
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Abstract—In molecular biology, protein docking aims at finding the conformation in which two proteins are attached together
in their native state. Several software approaches for docking
already exist, which still rely on conventional interaction techniques, and have not yet taken advantage of the immersiveness
nor expeditiousness made available by the new generation of
virtual reality devices. We present PuzzleDock, an immersive
approach that allows users to perform protein docking in a more
interactive way, while simultaneously providing a score about
the interaction between the proteins. We enable the possibility
of freely manipulating the 3D structure of the proteins in an
immersive environment using hand gestures in 3D space. This
way, the docking process is handled as an educational game
consisting of a complex 3D puzzle where the user tries to fit
together two rigid pieces, each representing one protein per
hand, while being guided by an accuracy score. In order to help
solving this problem, we implemented simple game mechanics
based on commonly used virtual reality controllers to achieve a
more expedite and spatial experience when compared to more
conventional approaches. Our method was tested by several
professional users, who expressed a high degree of satisfaction
regarding its efficiency, namely in the natural manipulation that
the process is carried out, which had not been achieved before
by previous solutions.
Index Terms—protein docking, molecular force field, virtual
reality, spatial input, user study

I. I NTRODUCTION
Proteins are biological macromolecules that are responsible
for various functions and reactions inside the cells of every living organism. These chains of aminoacids fold upon
themselves, acquiring their tri-dimensional (3D) shape, which
largely dictates their function. One big challenge in the structural biology field is to predict if and how two or more proteins
interact and their final shape in the resulting protein complex,
a process called docking. Generally, their native structures can
be determined experimentally using laboratory techniques such
as X-Ray crystallography or NMR, but in many cases this
is not possible due to low concentrations, protein solubility
issues or the inability to purify or obtain crystals. Furthermore,
the process can be both expensive and time consuming. Here
is where computational protein docking makes its entrance,
enabling the fast prediction of protein interactions without the
disadvantages of wet-lab techniques. Ultimately, these efforts

lead to the rapid development, prototyping and testing of new
drugs and treatments for currently incurable diseases.
According to community-wide benchmarks for proteinprotein docking, namely the CAPRI competition [1], the most
successful methods for difficult targets are obtained through
human intervention, or at least resorting to a human specialist
in a final refinement step. Therefore, it is invaluable to have
the right tools and interfaces so that individuals with the
required background in biology and chemistry can manipulate
the protein structures throughout the docking process.
The user interaction of most current protein docking methods relies on a computer mouse, which only moves on a 2D
medium, making the interaction with proteins, which are 3D
by nature, slower and not as fluid as desirable. In recent
years, commodity Virtual Reality (VR) hardware has been
through many technological developments, becoming more
and more common and of widespread use among the general
audience. VR enables the user to use more familiar hand
gestures such as pushing, pulling, grabbing and rotating to
view, move and interact with objects inside a tri-dimensional
virtual environment. Since protein structures are 3D objects,
this makes VR a perfect candidate to apply to protein docking
tasks as a manipulation technique.
This work aims at bringing together both these fields, i.e.,
protein docking and VR, in the form of an educational game,
while exploring and evaluating its results and benefits. The
system was enriched with a bi-manual manipulation technique,
a minimalist interface, a scoring mechanism and a graphical
hint, in order to accurately guide the user along the docking
exercise. The application was thoroughly evaluated by means
of an usability study, during which users reported high levels
of satisfaction over several different areas, including gameplay,
visualization, interface and manipulation.
II. BACKGROUND
Some work has already been developed in integrating immersive environments, 3D manipulation and advanced user
interaction techniques with molecular analysis tasks [2], including protein docking. A few noteworthy studies were aimed
not only at turning human-assisted docking into an easier and

