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Prolyl-tRNA synthetases (ProRSs) are multi-domain proteins
crucial for protein biosynthesis in all organisms, making them
prime targets for anti-microbial drug development. These
enzymes exhibit unique variations in domain architecture across
species, suggesting potential for species-specific inhibitor
development; inhibitors are molecules that bind to the active site
of a protein and inhibit its function. The relationship between
protein dynamics and inhibitor binding is not completely
understood for these enzymes. Currently, we aim to understand i)
how a molecule binds to various active site conformations of an
enzyme that result because of the dynamic nature of the target
protein and how that varies from species to species and ii) how
binding affinity changes in a crowded cell-like environment. This
methodology, which includes both protein dynamics and
molecular crowding effects, has not been explored thoroughly.
The present study could shed light on how conformational
dynamics and crowding affect inhibitor binding affinity and aid in
developing more selective and potent inhibitor screening. We are
performing high-throughput docking to calculate binding affinity
values using high-performance computing (HPC). The initial
results with docking poses of several inhibitor molecules and
interactions with the active site residues will be analyzed to assess
how the conformational dynamics are altering the binding affinity
of the inhibitors for various ProRSs.
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Investigating the Impact of Protein Dynamics and Molecular Crowding 

on the Inhibitors Binding to Prolyl-tRNA Synthetases Using High-

Throughput Docking
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❖Most inhibitor screening studies are conducted in dilute 

condition using the static structure of the target protein. This 

study involves the active site dynamics in response to the 

solvated and crowded surroundings.

❖ This is the first report of high-throughput docking used to 

probe protein dynamics and molecular crowding, and their 

impacts on small molecule binding.

❖ The results obtained from this study demonstrate that the 

inhibitors bind with Gibbs’ binding free energies ranging from 

-6 to -9 kcal/mol.

❖ For all five inhibitors, the presence of PEG 600 crowders 

favored stronger binding as compared to the dilute 

environment.

This study provided a new insight into the docking of inhibitors in 

the dynamic active site of target protein. It shows potential to 

further understand active site orientation and how binding study 

can be performed by taking into accounts for protein dynamics 

and crowding effects for screening potent inhibitors. Future works 

include performing detailed docking and interaction analysis at the 

active site.
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Background
Cells are inherently crowded, and the crowded nature changes 

various intramolecular interactions. Enzymes, which are proteins, 

functions in these crowded environments. Their conformations and 

catalytic activities are expected to be influenced by the 

surrounding environments. The multi-domain Escherichia coli 

ProRS is our model enzyme and Polyethylene glycol (PEG 600) is 

our model crowder for exploring the impact of crowding on 

protein dynamics and inhibitor binding. 
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Figure 3. Docking results of NCP26, Febrifugine, Halofuginone, 

Derivative 8, and Derivative 9 inhibitors. These inhibitors were 

docked, and the above graphs are the fluctuation of binding energy 

during the simulated time in dilute and in the presence of PEG 600 

crowders. 

a. NCP26

b. Febrifugine

c. Halofuginone

d. Derivative 8

e. Derivative 9
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Figure 1. Active site imaging on ProRS in the presence of PEG 600.

The intra-editing domain 

distance of E. coli ProRS 

decreases when exposed 

to PEG 600 crowders. It 

drops to 70Å in crowded 

environments from that in 

dilute conditions, where 

the intradomain distance 

is 110Å.

Active 

site

…
......

…
…

.

Intra-editing domain distance

Figure 4. Inhibitors (Derivative 8 docked in E. coli ProRS as 

depicted by  Visual Molecular Dynamics (VMD) 

Figure 2. Ball and stick 3D models of inhibitors of ProRS; the 

white, gray, blue, red colors represent hydrogen, carbon, 

nitrogen, and oxygen atoms, respectively.

The comparative analysis of binding energies for the above five 

inhibitors into the active site pocket of  E. coli ProRS in dilute 

and crowded environments.

Future Directions
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