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Abstract. Protein arginine methyltransferase 1 (PRMT1) forms S-adenosylhomocysteine (SAH) and 
arginine by transferring methyl of SAM(S-adenosyl-L-methionine) to the substrate arginine, and then 
various effects in vivo occur. Our research group designed and synthesized 28 PRMT1 inhibitors 
which take furan ring as the mother nucleus in earlier stage, this research selected five 
representative inhibitors and composite of classical known PRMT1 inhibitor AMI1 and PRMT1 for 
100 nanoseconds of molecular dynamics simulations to explore the binding modes of these 
compounds. The research found that these compounds stably bind to the PRMT1 pocket during the 
entire simulation process, but their binding modes are significantly different from AMI1. AMI1 
occupies the binding site of arginine and amino acids, while the small molecule compound occupies 
the binding site of SAH. Then we used MMPBSA and Nmode to calculate the binding free energy of 
these small molecules and PRMT1, respectively, and found that the calculated value is positively 
correlated with the experimental value.  
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1. Introduction 

Protein Arginine Methyltransferases (PRMTs) takes S-adenosyl-L-methionine (SAM) as a methyl 
donor; the methyl is catalyzed and transferred guanidyl nitrogen atom of protein arginine, and 
generate methylated arginine and the S-adenosyl-L-homocysteine (SAH). Protein Arginine 
Methyltransferases (PRMTs) participate in many biological processes, such as post-transcriptional 
modification of genes, RNA splicing and transport, cell signal transduction and embryonic 
development [5, 6] [7]. Type I PRMTs can further catalyze mMA into asymmetric dimethylarginine 
(ADMA), type II PRMTs can further catalyze mMA and the convert it to symmetric dimethylarginine 
(SDMA) [1]. PRMT1 is the major type I PRMT in mammals and it has been shown to be involved to 
the arginine methylation of more than 90% mammalian cells [8]. PRMT1 can affect various tumor 
types, such as breast cancer [9], liver cancer [10], prostate cancer [11], lung cancer [12], leukemia 
[13, 14], and colon cancer [15], these highlight their potential as important targets for drug 
development. The binding site of SAH consists of subsite 1 (adenosine binding site, consist of Phe44, 
Glu137, Val136 and Glu108, blue circle in Figure 1A) and subsite 3 (amino acid binding site, consist 
of Asp84, Gly86, Arg62 and Glu152 (Fig. 1A, yellow circle), Glu161, Tyr160, Tyr156, and Trp302 
form the binding site of the substrate arginine (subsite 2 in Fig. 1B) (Fig. 1A red circle). 

 
Figure 1 (A). Compound PRMT1 Active Site of SAH and Substrate Arginine 
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Figure 1 (B). Compound PRMT1 Active Site of SAH and Substrate Arginine 

 

 
Figure 1 (C). Structure of 6 Active Molecules. 

2. Experimental Methods 

2.1 Docking of GOLD to Active Molecules 

Every ligand molecules obtained by GOLD software was docked to the corresponding receptor 
protein; and ligand-binding pocket. The SAH and substrate arginine are contrasted with hPRMT1 
(homologous model), by overlapping the crystal structure of rat PRMT3 (rPRMT3, PDB 1F3L) [2] 
and indicate its binding site (all protein atomic distances are within 5.0 Å), each ligand was docked 
10 times by this software, random ligands from different orientation groups at each start, and the 
default automatic genetic algorithm parameter setting is used. Each compound molecule allows free 
rotation and the GoldScore scoring function to score, respectively, and find that each compound gives 
multiple docking conformations. 

2.2 Molecular Dynamics Simulation 

Molecular dynamics simulation uses the Amber Tools 16.0 program package. First, use the 
software's Antechamber module to fit the charge of small molecule. The tleap module was used to 
assign ff14Sf force field parameters and gaff force field parameters to hPRMT1 protein and small 
molecule ligands, respectively, and generate mop topology files for proteins, ligands, and composites. 
The composite system was simulated in the TIP3P water box environment, the minimum distance 
between the set protein and the box boundary was not less than 10 nm, and the sodium ion was added 
to ensure the electrical neutrality of the entire system. The Shake algorithm is used to constrain the 
stretching vibration of hydrogen bond, periodic boundary conditions and particle mesh ewald (PME) 
methods is used to calculate long-range electrostatic effects,the non-bond interaction intercept is 0.8 
nm and the simulation step size is 2fs, when molecular dynamics simulations is conducted, first, the 
protein is constrained, 500 steps of steepest descent method and 500 steps of conjugate gradient 
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method are used to optimize the energy for water molecules and ligands; then the system temperature 
is gradually increased from 0 to 300 K within 50 ps, and will remain in balance, and finally conduct 
100 ns dynamic sampling analysis in the Isothemic-Iso-baric (NPT) mode at 300 K and 101 Kpa 
constant temperature and pressure. 

2.3 Free Energy Calculation 

2.3.1 MMPBSA Calculate Enthalpy Change 

Combined with calculation of free energy enthalpy and the entropy contribution, the perl scripts 
mm_pbsa.py and nmode modules in Amber 16 are completed, respectively, from the 100 ns trajectory, 
uniformly select the stable conformation of the 1000 frame molecular trajectory to calculate 
MMPBSA. First, the binding energy of the PRMT1 protein ligand complex was calculated, and then 
the binding energy of the stabilized protein ligand complex was calculated, the stable binding energy 
minus the initial binding energy, which was the enthalpy change of the active molecule. 

2.3.2 Interaction Calculate Entropy Change 

Take 1000 frames evenly from the 100ns trajectory and first calculate the residues (initial and 
stable amino acid binding sites) and entropy of ligands, the initial entropy value is subtracted from 
the stabilized entropy value, which is the entropy change of this active molecules. 

2.3.3 Interaction Calculate Free Energy 

Finally, the Gibbs free energy ∆G is calculated with the formula ∆G=∆H-T∆S. 

3. Experimental Calculations 

3.1 Simulation Results of Molecular Dynamics  

First, six kinds of active molecules were docked with Gold software, and analyzed the molecular 
conformational intermolecular and intermolecular forces after docking, the dominant conformation 
was selected as the initial trajectory of molecular dynamics simulation. According to the molecular 
motion trajectory, it can be seen that there is less change in the whole active molecule trajectory of 
13a, 13c, 13d, and 13e. The stable molecular conformation of the whole molecule mainly occupied 
the binding site of SAH, and the fluctuation is small, tends to be stable, and the stability is good, and 
AMI1 molecular trajectory fluctuation is great, and stability is poor, the molecular conformation of 
the molecular trajectory stability mainly occupy the binding sites of arginine and amino acid, and the 
molecular fluctuation is great; and then based on the calculation of free energy, it can be seen that the 
Gibbs free energy of 7c, 13a, 13c, 13d, 13e are 3.5091 KJ/mol, -2.026 KJ/mol, -5.1613 KJ/mol, -
7.1898 KJ/mol, and -3.6383 KJ/mol in order; the Gibbs free energy of AMI1 is -0.5343KJ/mol. 

3.2 PRMT1 Molecular Dynamics Simulation of Six Active Molecules 

PRMT1 was used for molecular dynamics simulations with six active molecules, and the initial 
RMSD-Time diagram, average RMSD-Time diagram, and active molecular conformation diagram 
for the six active molecules at 100 ns, as shown in Figure.2 RMSD-Time diagram (A), the mean 
RMSD-Time (B) diagram and the active molecular conformation diagram (C), we can see that the 
RMSD diagram of the AMI1 active molecules vary widely and are molecularly unstable; both ends 
of the AMI1 molecule, amino acids Glu152, Arg62, Gly86, there is hydrogen bond interactions, The 
amino group at the other end of AMI-1 has hydrogen bonding with Phe44, Glu137 and Val136 
residuesl. 
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Figure 2 (A). Initial RMSD-Time Diagram 

 
Figure 2 (B). Average RMSD-Time Diagram 

 

 
Figure 2 (C). The Dominant Conformation of AMI1 
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As shown in Figure 3, initial RMSD-Time diagram (A), mean RMSD-Time diagram (B), and 
active molecular conformation diagram (C), the RMSD diagram of the 13d active molecule fluctuates 
smoothly, the trifluoromethyl of 13d molecule has hydrogen bonds with Val136 and Glu108 residues. 

 
Figure 3 (A). Initial RMSD-Time Diagram 

 

 
Figure 3 (B). Average RMSD-Time Diagram 

 

 
Figure 3 (C). The Dominant Conformation of 13d 
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4. Based on the Data Obtained From the Experiment, According to the Gibbs 
Free Energy Formula ∆G=∆H-T∆S, the Theoretical Value of Binding Free 
Energy of the Active Molecule and Substrate PRMT1 is Calculated.Results 
and Discussion 

(1) the Gibbs free energy of AMI-1, 13a, 13c, 13e and 7c active molecules is also linearly related 
to the experimentally measured IC50, and the Gibbs free energy G of the compound molecule is 
proportional to IC50, namely, the smaller ∆G is, the more stable the combination of the compound 
and PRMT1, the better the inhibitory activity. The results of molecular dynamics simulations are in 
agreement with the experimental bioactivity test results. We hope that the Gibbs free energy obtained 
by computer-aided calculations as a reference for the activity data of unknown compounds; it 
provides a theoretical basis for the design and synthesis of target compounds, and save the cost of 
molecular synthesis in the development of new drugs. 

(2) The following analysis is conducted for the best active molecular conformation, atomic 
vibrations, and Gibbs free energy ∆G: atomic vibrations of 13d is within 10 ns-100 ns, the molecular 
vibrations of initial RMSD, average RMSD, and potential energy function tend to stabilize. In the 
molecular dominant binding conformation of 13d, the trifluoromethyl docks and change into a blue 
circular region and forms a hydrogen bond with Phe44, while the ethylenediamine group occupies 
yellow circle area, and forms a strong electron interaction with Asp84 and Glu152. Effect. Due to the 
tight binding of the ethylenediamine group and Asp84, compound 13d can only change the 
trifluoromethyl orientation and occupy the binding site of Asp84 (yellow circles) and part of the 
substrate Arg sites (red circles). 
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