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GB1 Protein Dynamics:
A Graph Theoretical
Perspective

Introduction

The GB1 protein is a 56-amino-acid-long protein
from the genus Streptococcus, which interacts
with the Fc domain of the heavy chain of human
IgG and interferes with its ability to bind to
Streptococcus and initiate an immune response.
We aim to examine the binding interactions
between the two. Thus, we isolate them from their
natural environment and analyze their interactions
through the following methods.

(Olson et. al,2014)

Molecular Dynamics
Analyses

Molecular Dynamics (MD) analysis is a technique
used to study the behavior and interactions of
molecules over time, and, in our case, the dynamical
changes that dictate binding. By simulating the
motion of atoms in the GB1 protein and their
interactions in water with KCI ions, we gain insight
into the following:

RMSD

Root mean square deviation (RMSD): The average
deviation of the atoms in our protein from the initial—
most energetically stable—structure over a time

period of 1 Js.
RMSD from time, 1PGA
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RMSF

Root mean square fluctuation (RMSF): The average
fluctuation of each amino acid residue. We observe
high mobility in residues 10, 13, and 39.

RMSF from residue index, 1PGA
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Cross-correlation
heatmap

Heatmap of amino acid residues moving in particular
directions, with red indicating movement in the same
direction, white indicating no movement, and blue
indicating movement in the opposite directions.
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Residue Network
Analysis

Graph theory is crucial for understanding protein
interactions by modeling them as networks, where
amino acids are nodes and the bonds are edges. In
contrast to our previous methods, we use C[3 atoms
as nodes, and if they are within 6.7 A of each other,
we connect them with edges to create the network.
By conducting such simulations—one of which is
shown below—we gain insight into a list of
interesting findings:

(Guclu et. al, 2021)

Node Betweenness
Centrality

Betweenness centrality shows how often an amino
acid acts as a point on the shortest paths between
other amino acids in a network. Amino acids with
high betweenness centrality connect different parts
of the network, control the flow of information, and
serve as 'choke points' connecting different
communities.

Betweenness centrality from residue index, 1PGA
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Distinctive Communities

Communities in a network are identified by
analyzing clusters of nodes with dense internal
connections and fewer external connections. In
our case, we analyze the amino acids as
communities that interact with each other. The
interactions change depending on whether GBl is
bound to FCC or unbound. Different RGB colors
represent distinct communities, while mixed colors
indicate intersections between communities. (The
balls represent residues number 1, 25, and 51.)

Unbounded GB1 Bounded GB1

Communities and their interactions also can be
seen in the heatmaps as well:
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Elastic Network
Modeling

Elastic network modeling represents
molecules as networks of connected points
(nodes) linked by 'springs' that represent
forces. This approach simplifies the study of
protein movements and interactions by
focusing on key motions, helping us
understand their functions and stability
without requiring detailed simulations.
Kirchhoff heatmap
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Conclusions

« Our study of GB1 and its molecular
interactions with IgG improves our
understanding of the protein
binding and allows some potential
implications for the way proteins
bind with each other.

« We can see a lot of correlations
across the methods with active
residues in an RMSF corresponding
to different communities in our
residue network analyses.
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