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Elucidation of biomolecular mechanisms through molecular dynamics simulation
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Investigating the effect of glycosylation on the

structural features and hydration effects of
glycoproteins
(2%: Im)

1. Background and purpose of the project,
relationship of the project with other projects
Glycoproteins are comprised of protein and
carbohydrate chains. The glycosylation patterns are
of crucial importance for the folding, stability, and
biological activity of glycoproteins. Understanding
the relationship between glycosylation patterns and
protein function is essential for the development of
novel therapeutics and diagnostics. In addition, the
structure and stability

affected by

of glycoproteins are

significantly surrounding  water
molecules. Interfacial water molecules also influence
the binding affinity between glycoproteins and
receptors. However, the exact molecular mechanisms
by which glycosylation patterns and water molecules
determine the structure and binding affinity of
glycoproteins are not fully understood.

In this research project, we will investigate
how the glycosylation patterns impact the structure
and binding affinity and how surrounding water
molecules contribute to these properties. For this
purpose, we will perform molecular dynamics
simulations of glycoprotein using the GENESIS
software and analyze the effects of glycosylation
patterns on the protein structure and function. The
results of this study will provide molecular insights
into the relationship between glycosylation and the

protein structure and function, and will provide

invaluable information for developing new drugs

targeting glycoproteins.

2. Specific usage status of the system and
calculation method

We performed all-atom MD simulations at 310K and

0.15M NaCl for erythropoietin complex(EPO/EPOR).

MD simulations were performed for the EPO

complexes.

We employed the CHARMMS36m force field for
the EPO/EPOR and the TIP3P model for water.
Starting from the initial structures of the EPO
complex with three glycans(N24N38N83) using
CHARMM-GUI, we used GENESIS to perform three
independent MD simulations for 1.5 microseconds

for each structure.

3. Result
The glycan at the N24 position maintained the most
structurally stable conformation throughout the
simulation and exhibited the longest interaction
duration with the receptor EPOR. In particular, the
terminal sialic acid of the glycan, carrying a negative
charge, formed electrostatic interactions with
specific positively charged regions on the protein
further strengthening glycan-protein
(Fig. A). These

maintained throughout the simulation, indicating

surface,

interactions interactions were

that the N24 glycan plays a crucial role in enhancing

the binding stability with EPOR.
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Figure A. Number of contacts between glycan(N24) and
EPOR.

Additionally, the N24 glycan exhibited longer
interactions with surrounding water molecules than
other glycans in the same structure, leading to an

increased water residence time (Fig. B).
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Figure B. Water residence time around glycans
Furthermore, the presence of glycans not only

affected the hydration around the glycan itself but

also prolonged the water residence time around both

EPO and EPOR (Fig. C).
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Figure C. Water residence time around EPO/EPOR except

for glycans

4. Conclusion
EPO/EPOR

significantly influenced the structural stability of the

Glycosylation in  the complex
protein and its receptor binding. The study found
that the N24 glycan increased the water residence

time more than glycans at other positions and also

M &

affected the hydration layer around EPO and EPOR.
These results suggest that glycans may regulate

binding affinity and enhance receptor interaction.

MDH - CS enzymes complex: insight of its structure
by simulation
(#8.34: Rioual)
1. Background and purpose of the project,

relationship of the project with other projects

The Krebs cycle is a central metabolic pathway,
responsible for generating key intermediates that
play vital roles in various biosynthetic processes [1].
Within  this cycle, two enzymes—Malate
(MDH)

(CS)—catalyze consecutive reactions, forming an

Dehydrogenase and Citrate Synthase

important regulatory node. Recent literature
indicates that these enzymes may form a metabolon
under dilute conditions, a  spatiotemporal
arrangement that promotes the efficient transfer of
intermediate  substrates, as  supported by
experimental data [2,3]. Despite this, structural
information regarding the MDH-CS complex is
notably absent from the Protein Data Bank (PDB),
precise

limiting our understanding of its

architecture.

Furthermore, an increasing body of research on

cellular-like environments suggests that
experiments conducted in dilute conditions may not
fully capture the behavior of proteins in their native,
crowded settings [4-7]. This study aims to address
this gap by simulating MDH and CS in more complex,
crowded environments to offer a more accurate
representation of their spatial and functional
characteristics. In order to investigate how these
enzymes behave in such conditions, we will utilize
coarse-grained (CG) simulations. However, before
constructing the CG model, it is critical to first
explore the dynamics of MDH and CS under dilute

conditions. To this end, we have conducted all-atom
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simulations across 31 distinct systems, gathering
valuable insights to inform the development of our
CG approach. To mitigate potential bias from force
field selection, we also replicated these simulations

using three different force fields.
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2. Specific usage status of the system and

calculation method

In our investigation of the dynamics of Malate
Dehydrogenase (MDH) and Citrate Synthase (CS),
we conducted all-atom simulations using GENESIS

2.1. Simulations were performed with three different
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force field combinations: CHARMMS36m with the
TIP3P water model, AMBER14 with TIP4PD, and
AMBER99 with TIP4PEW. The initial structures of
MDH and CS were derived from monomeric
predictions made by AlphaFold 2, as the structure of
Bacillus subtilis MDH is not available in the Protein
Data Bank (PDB).

A total of 20 simulation boxes were generated, each
simulated for 100 ns. To compare our results with
existing literature, we also included simulations of
CS and MDH from different species, such as Sus
scrofa and Bacillus anthracis.

Specifically, we

simulated chains from the following PDB entries:
1CTS (CS from Sus scrofa), 2C6X (CS from Bacillus
subtilis), IMLD (MDH from Sus scrofa), and 3TL2
(MDH from Bacillus anthracis). This approach
allowed us to examine whether the dynamics
observed for Bacillus subtilis MDH and CS align

with those in other species and to compare our

results with experimental data for different species.
3. Result

The structure of Malate Dehydrogenase (MDH)
remained stable throughout the 100-ns simulation.
The average Ca-RMSD from the initial structure was
consistently below 2 A. In contrast, Citrate Synthase
(CS) exhibited greater dynamics, with an average
Ca-RMSD of 6 A. This increased flexibility can be
attributed to the dynamics of its C-terminal segment.
Upon careful examination of the available dimeric
structure of CS in the PDB, we observed that this
segment interacts with another monomer to form a
dimer, leading to the hypothesis that this dimeric

conformation stabilizes the C-terminal segment.

Additionally, we identified hinge regions adjacent to
the binding sites of both CS and MDH, which are

likely essential for their functional activity:

e (S: [0-50], [100-110], [170-250], [270-300],
[350-]
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e« MDH: [0-10], [70-100], [200-270]

The binding sites and critical amino acids were
located through sequence alignment with previous
literature and comparison to sequences from
different species. The presence of these hinges is
critical for constructing an appropriate
coarse-grained (CG) model of these two enzymes.
Notably, the dynamics observed in the simulations of
both the PDB and predicted structures were similar,
reinforcing our hypothesis that this dynamic
behavior is crucial for the enzymatic functions of CS

and MDH.
4. Conclusion

In this study, we have explored the dynamics of
Malate Dehydrogenase (MDH) and Citrate Synthase
(CS) through all-atom simulations, shedding light on
their structural stability and flexibility. Our results
show that MDH remains stable, while CS exhibits
significant dynamics, particularly in its C-terminal
segment. This increased flexibility appears to be
linked to its dimerization, which stabilizes the
C-terminal region. Furthermore, we identified key
hinge regions adjacent to the binding sites of both
enzymes, which are likely crucial for their functional
activities. These insights, derived from simulations
of both predicted and PDB structures, are essential

for the development of a coarse-grained model.

By conducting sequence alignment with previous
literature and different species, we successfully
pinpointed the binding sites and important amino
providing a

the

acids, more comprehensive

understanding  of enzymes' functional
mechanisms. Our findings set the stage for further
investigation into the interactions between MDH and
CS, as well as the binding of their substrates.
Ultimately, this work aims to contribute to the
construction of an accurate CG model to study the
formation of the metabolon in crowded -cellular
environments, nuanced

offering a more

M &

understanding of the spatial and functional

properties of these enzymes in complex conditions.

5. Schedule and prospect for the future

We plan to study the interactions between Malate
Dehydrogenase (MDH) and Citrate Synthase (CS),
as well as the binding of their respective substrates.
By incorporating all the structural and dynamic
information gathered from the simulations, we aim
to gain a deeper understanding of MDH and CS. This
will enable us to construct an accurate
coarse-grained (CG) model, which is essential for
studying the formation of the metabolon in crowded

conditions.
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