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Polysialic Acid (PSA) is a homopolymeric glycan 

involved in the enzymatic modification of proteins 

following protein biosynthesis that occurs in neural 

cell adhesion molecules [1]. PSA promotes 

regeneration by causing precursor cell migration, 

axon path finding, and synaptic remodeling [5]. 

The structure of PSA is negatively charges, which 

promotes cellular interaction and motility, essential 

for binding interactions. A series of antibodies, for 

instance monoclonal antibody 735 (mAb735), 

recognize the PSA epitope [6]. 
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OBJECTIVE 
Small organic compounds, known as PSA mimetics, can mimic the glycan 

structure of PSA and are also recognized in improving regeneration of the 

nervous system [4]. The goal of the following project is to model the PSA 

mimetic binding interaction with mAb735 using the molecular dynamics 

software, the Assisted Model Building with Energy Refinement (AMBER) 

[2]. 

The binding energy among the ligand-receptor complex will be calculated 

using AMBER suite tool FEW (Free Energy Work tool). This tool provides 

the setup for calculating three types of binding free energy calculations, 
including Molecular Mechanics  methods MM-PBSA and MM-GBSA [3]. 

Figure 1.  Docking model of 

PSA and mAb735 complex 

(PDB: 3WBD) 

The PSA mimetics summarized in Table 1 will be modelled with one chain of 

the monoclonal antibody mAb735 (Chain A). 

The following steps for conducting the MM-PBSA and MM-GBSA methods 

consist of preparing the receptor-ligand complex, building topology files, 

running molecular dynamics, and calculations. 

Part I: Molecular Docking interaction using AutoDock Tools

• The binding interactions between each of the following PSA mimetics 

and mAb735 were modelled using AutoDock Tools.

• The receptor was obtained from PDB ID 3WBD and the structures for 

the PSA mimetics were from the PubChem database

• The results of the docking model represents the receptor-ligand 

conformation model used as the input calculating binding energies in 

AMBER

Part 2: AMBER Building Topology Files

• The forcefield used for the modeling was leaprc.ff99

• The topology and coordinate files were prepared for the receptor, 

ligand, complex, and solvated complex with solvent TIP3PBOX 12.0.

Part 3: Running Molecular Dynamics

• Molecular dynamics are run to generate snapshots which will be used 

for calculating the binding energies.

• Each mimetic was modelled based on “single-trajectory”, each having 

their own trajectories for the receptor, ligand, and complex.

Part 4: Free Energy Calculations - running MMPBSA.py 

• Molecular Mechanics / Poisson Boltzmann (or Generalized Born) 

Surface Area (MM/PB(GB)SA) calculations. 

• Method calculates the free energies based on the trajectory files of the 

molecular dynamic's simulations.

MM-PBSA and MM-GBSA Calculations

AMBER Molecular Dynamics and Binding Energy Procedure

Table 3. Shows the MMBSA/MMGBSA free 

energy calculations for Idarubicin and 

monoclonal antibody 735 chain A.

Table 4. Shows the MMBSA/MMGBSA free 

energy calculations for Irinotecan and 

monoclonal antibody 735 chain A.

Table 5. Shows the MMBSA/MMGBSA free 

energy calculations for Tegaserod and 

monoclonal antibody 735 chain A.

Table 6. Shows the MMBSA/MMGBSA free 

energy calculations for Vinorelbine and 

monoclonal antibody 735 chain A.

Table 1. Shows a summary of the PSA 

Mimetics

In Table 4, the total binding energy calculated for Irinotecan interaction with 

chain A of mAb735 suggests a strongest binding interaction among the PSA 

mimetics. Irinotecan interaction had a strong negative total binding free energy 

of -42.1435 kcal/mol indicating a favorable ligand-protein complex in the gas 

phase. The total binding energy results for Tegaserod, in Table 5, indicates a 

favorable ligand-protein interaction for the solvated complex model. Tegaserod 

interaction with mAb735 has a negative total binding free energy of -10.9523 

kcal/mol suggesting a favorable bound state, though lower binding energy 

compared to the gas phase of the bound complex.

Irinotecan and Tegaserod binding interaction with mAb735 

The goal of the following project was to model sets of the small organic 

compounds, known as the PSA mimetics, binding to the monoclonal 

antibody ab735 using AMBER software free energy calculations using 

the MMPBSA and MMGBSA method as a part of FEW work tool. 

Among the four PSA mimetic interactions with mAb735, Tegaserod and 

Irinotecan had a strong binding interaction complex in the gas phase 

and solvated phase, respectively. 

The results of the free binding energy calculations suggest an 

extremely favorable gas phase favorable energy and unfavorable 

solvation free energy for Irinotecan complex compared to Tegaserod. 

Tegaserod complex with mAb735 had a strong negative total binding 

free energy for both the gas phase complex and solvated complex. This 

indicates a favorable bound state, though Irinotecan complex had a 

stronger free binding energy in the gas phase compared to Tegaserod 

complex in the gas phase.  

Further research will focus on calculating the entropy contribution of the 

binding using AMBER forcefields. 
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Table 2. Shows the MMBSA/MMGBSA 

free energy calculations for Epirubicin 

hydrochloride and monoclonal antibody 

735 chain A. * Inconsistencies exist within 

internal potential terms. The validity of 

these results are highly questionable.

Calculates the change between the bound and free state of a receptor and 

ligand. The model complex as well as solvation free energy components (both 

polar and non-polar) calculated from an implicit solvent model for each species. 

The free-energy for the ligand, receptor, and solvated complex were calculated 

with respect to Generalized Born and Poisson Boltzmann. Complement to 

MMPBSA which calculates free energy binding with respect to a solvated 

complex, MMGBSA or the Generalized Born calculations consider the gas 

phase [7]. 
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