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Background 2

The Flavivirus Genome

« Family: Flaviviridae
» Genus: Flavivirus K
* Asingle positive-stranded RNA virus DENV-1  DENV-2
* Dengue, Zika, Japanese Encephalitis, and others.

* Major global public health concern.

Tripathi et al., 2025
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Current computational pipeline for antibody design

1st Pipeline

scientific reports

OPEN Machine-learning-assisted
high-throughput identification
of potent and stable neutralizing
antibodies against all four dengue
virus serotypes
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General objective 4

To design and develop broadly neutralizing antibodies against multiple flaviviruses through an integrated
computational—-experimental pipeline, aiming to generate safe and effective therapeutics for treatment

Specific objectives

1. To rationally design and optimize antibody candidates based on 1B3B9 template by introducing targeted

mutations at key binding residues, guided by molecular docking and binding energy predictions

2. To evaluate antibody-antigen interactions in silico through molecular dynamics simulations and refine

candidates via charge optimization and stability analysis

3. To express, purify, and experimentally characterize selected antibodies for binding affinity across multiple

flaviviruses

4. To assess neutralizing activities and ADE risks, establishing proof-of-concept for universal antibody-based

therapeutics against flaviviral infections



Hypothesis

Broadly neutralizing antibodies against flaviviruses can be rationally engineered by
structure-guided computational design and experimental validation. By optimizing key
residues at the antibody-antigen interface to enhance affinity and stability, it is possible to
generate therapeutic antibodies that provide universal protection against multiple
flaviviruses while minimizing the risk of antibody-dependent enhancement.




Conceptual framework
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Study Design 7
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Study Design 8
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RESULT 1: Molecular Docking Analysis

Objective: To generate the complex between the antibody and target antigens for using in MD simulations

1B3B9 - DENV1 1B3B9 - DENV2 1B3B9 - DENV3
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These results indicate that the 1B3B9 antibody has strong potential for
cross-reactive binding to multiple flaviviruses.




RESULT 2: Molecular Dynamics (MD) Simulations for Antibody-Antigen Interactions

Objective: To create a standardized workflow of MD simulation for antibody-antigen interactions prior to experimental validation

Workflow of MD simulations for Ab-Ag complex
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RMSD: Root Mean Square Deviation, RMSF: Root Mean Square Fluctuation; MMPBSA: Molecular Mechanics Poisson-Boltzmann Surface Area



RESULT 2: Root mean square deviation (RMSD)

Objective: To analyze structural stability between the 1B3B9 antibody and E dimer proteins

RMSD: Total structural stability of each complex in the system
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The RMSD values of each complex
fluctuated within the range of 13-17 A .

All complexes reached equilibrium after
approximately 50 ns.

Stability by RMSD values: Complexes
DENV-2 > DENV-colo4 > DENV-3 > DENV-1

RMSDl= Structural stabilityt



RESULT 2: Number of atom contacts

Objective: To further characterize the interfacial stability between the 1B3B9 antibody and E dimer proteins

Number of atom contacts: The interfacial stability between 1B3B9 and E dimer protein of DENVs
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RESULT 2: Number of H bonds

Objective: To assess the stability and persistence of intermolecular interactions between the 1B3B9 antibody and E dimer proteins

Number of H-bonds: The stability and persistence of intermolecular interactions of Ab-Ag complexes
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RESULT 2: MM/PBSA binding energy calculations

Objective: To characterize the binding energy between the 1B3B9 antibody and E dimer proteins

Table 1 Comparative MM/PBSA binding free energy analysis of 1B3B9 antibody-E dimer protein complexes across
the 4 DENYV serotypes. All values are expressed in kcal/mol.

System AEvaw AEelec AGpol AGnp AEGAS AGrsolv AGbind
1B3B9-DENV1  -117.69 -274.49 329.78 -13.62 -392.18 316.16 -76.02 £ 2.40
1B3B9-DENV2  -145.17 -121.14 186.04 -16.05 -266.31 169.99 -96.33 £ 2.06
1B3B9-DENV3  -130.84 -513.30 567.75 -15.37 -644.14 552.39 -91.75+2.31
1B3B9-DENV4 -84.85 -220.57 248.73 -10.18 -305.42 238.55 -66.87 = 1.21

The 1B3B9 antibody showed the highest binding affinity with DENV-2 compared to other serotypes.
It correlates with the experimental observation that the neutralizing potency was found to be
more favorable for DENV-2 (Sasaki et al., 2013).




RESULT 2: Per-residue binding free energy decomposition

Objective: To identify key antigen and antibody residues contributing to the binding interactions
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RESULT 2: Per-residue binding free energy decomposition

Objective: To identify key antigen and antibody residues contributing to the binding interactions
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Thesis plan

Activities

1. Literature Review and Planning

2. Quality Examination

3. Proposal Examination

PART 1 Antibody Design and Refinement

4. Characterization of Antibody Candidate

5. MD Analysis for Identification of Binding Interactions

6. Affinity Improvement via Charged Optimization

7. Molecular Docking with Flavivirus Target Antigens

PART 2 Antibody Design and Refinement

8. Antibody Candidate Validation using MD Simulations

9. MD Analysis of Improved Antibody Candidates
PART 3 Experimental Validation of Antibody Candidates

10. Expression and Purification of Target Antigens

11. Expression and Purification of Antibodies

12. Binding Assay using SPR

13. Neutralization Assay

14. ADE Assay

15. Manuscript Preparation and Submit

16. Thesis Defense

Work in Progress
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