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Structural and Molecular Dynamics Analysis of Crystal MiD51
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Drp1-Mid51 interaction drives
excessive mitochondrial fission

of all global deaths

CVD

Cancer

Respiratory
Diseases

Diabetes |

Drp1 (oro!’é‘%‘

recruided by Mid51 (0o)

causing constriction
on outer membrane

>80%

Crystal MiD51 Cluster Backbone Cutoff 0.14nm Crystal MiD51 Backbone RMSF (nm)

of CVD deaths in low- and n PR SR
middle-income countries '

s s 2 0.05
~20.5 Million : ;
L] 0 20000 40000 60000 80000 100000 100 150 200 250 300 350 400

Residues

Clusters
&

N oy
8

450

Times (ps)

S N -
# o /% Superposition of

Complexes

Drpl Mid51 MF1
Drpl Mid51 MF2
Drpl Mid51 MF3

Docking Results
30
30 \
8y A7 O

RMSD (nm)

0.1

Crystal MiD51 Backbone RMSD (nm)

20000

40000

60000

Times (ps)

80000

100 ns molecular dynamics simulations reveal a
stable Mid51 crystal structure (RMSD: 0.15-0.25 nm),
with localised loop dynamics that identify potential
protein-interaction and therapeutic-target regions.
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Results

R100 Binding Affinity Analysis of CVP-702, CVP-706, and CVP-708 Peptides with Drpl, Mid51,
and the Drp1-Mid51 Interaction
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Using an R100 Field-Effect Biosensor (n= 3), the Drpl-Mid51 complex demonstrated strong
nanomolar affinity (Kp =523 nM), while individual peptide interactions displayed dose-
dependent micromolar binding affinities ranging from 568.1 uM (Drpl1 + CVP-702), to 367.8 uM
(Mid51 + CVP-706) with Drpl + CVP-708 exhibiting intermediate affinity (Kp = 468.3 uM).

Peptide Activity Assessment in H9c2 Cardioblasts (XTT, JC-1, ROS, LDH Assays )

Computational Analysis
Structural Stability and Conformational Analysis of Drp1 (PDB ID: 4BEJ)
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Crystal Drp1 Backbone Cluster Analysis (0.45 nm Cutoff) & Crystal Drp1 Cluster Population
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100 ns molecular dynamics simulations reveal a dynamic Crystal Drpl framework, with backbone RMSD
fluctuating between 0.2 and 0.8 nm due to localised loop and domain flexibility. Cluster analysis (0.45 nm
cutoff) further shows that, despite this conformational mobility, Crystal Drpl predominantly adopts a single
dominant structural state, representing 77% of the simulation.
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Conclusion

Computational protein-protein docking and molecular dynamics simulations defined the Drpl1-Mid51
Interaction interface and identified key interaction hotspots that provide a structural basis for
peptide-mediated disruption of this protein-protein interaction. R100 binding assays validated the
binding of CVP-706 to Mid51 and CVP-702 and CVP-708 to Drp1, while cellular studies confirmed
their cytoprotective activity. Collectively, these findings support peptide-mediated modulation of the
Drpl1-Mid51 interaction as a promising therapeutic strategy for preserving mitochondrial dynamics
In cardiovascular disease.
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