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Any program to calculate root mean square deviation (RMSD) should read the atomic

coordinates for the ligand (crystallographic position) and for the pose (computer-

generated position). Here we describe a program to calculate RMSD, named

rmsd_pdb.py. This program reads two files in Protein Data Bank (PDB)(Berman,

Westbrook, Feng et al. 2000; Berman, Battistuz, Bhat et al. 2002; Westbrook et al.,

2003) format and calculates the RMSD between them. This program was written in

Python 3 programming language and uses the NumPy lbrary (numpy.org).
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Introduction
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Electrostatic interaction for cyclin-dependent kinase and an inhibitor (PDB access code: 4ACM), 

as shown by the program Molegro Virtual Docker (MVD) (Thomsen & Christensen, 2006).



In molecular docking simulations, the best pose is the one closer to the structure

determined by x-ray crystallography. Therefore, we must establish a methodology that

assesses the quality of the computer-generated solution (pose). This quality can be

calculated using the root mean-square deviation (RMSD), which is a measure of the

differences between values predicted by a model and the values actually observed

from the object being modeled or estimated (protein-igand complex). The docking

RMSD is calculated between two sets of atomic coordinates, in this case, one for the

crystallographic structure (x1, y1, z1; the object being modeled) and another for the

atomic coordinates obtained from the docking simulations (x2, y2, z2; predicted model)

(Heberlé & De Azevedo, 2011). A summation is then taken over all N non-hydrogen

atoms being compared, using the following equation:

(equation 1)
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Root Mean Square Deviation (RMSD)
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Below we have a typical line for atomic coordinates in a Protein Data Bank (PDB) file.

Each field brings a specific information related to the atoms in the structure. These

lines starts either with “ATOM ” or “HETATM” strings. Additional information for each

field is given red.

ATOM 1 N MET A 1 101.710 112.330 93.759 1.00 48.54 N

Columns ranging from 1 to 6 for “ATOM  “ or “HETATM” strings, they are assigned to line[0:6] variable

Columns ranging from 7 to 11 for atom order, they are assigned to line[6:11] variable

Columns ranging from 14 to 15 for atom name, they are assigned to line[13:15] 

variable

Columns ranging from 18 to 20 for residue or ligand name, they are assigned to line[17:20] variable

Colum 22 for chain identification, it is assigned to line[21:22] variable

Columns ranging from 23 to 26 for residue/ligand number, they are assigned to 

line[22:26] variable

Columns ranging from 32 to 53 for atomic coordinates, they are assigned to 

line[30:38], line[38:46], line[46:54] variables

Columns ranging from 57 to 60 for occupancy, they are assigned to 

line[56:60] variable

Protein Data Bank
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Last fields are indicated below.

Columns ranging from 62 to 65 for B-values, they are assigned to line[61:65] variable

Colunan 77-77 for chemical element, it is assigned to line[76:77] vairable

Besides the fields indicated beforehand, we have a field

for segment identification, columns ranging from 73 to

76, which are assigned to line[72:76] variable. In

addition, we have a field for atomic charge, columns

ranging from 79 to 80), which are assigned to line[78:80]

variable.

ATOM 1 N MET A 1 101.710 112.330 93.759 1.00 48.54 N

Protein Data Bank
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Abstract

Program to calculate docking RMSD based on the atomic coordinates present in

two files in the Protein Data Bank (PDB) (Berman, Westbrook, Feng et al. 2000;

Berman, Battistuz, Bhat et al. 2002; Westbrook et al., 2003) format. Both files

should have exactly the same atom order. The program reads both file names and

calculates RMSD in Å, showing the results on the screen.

Program to calculate docking RMSD

Program: rmsd_pdb.py
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Program: rmsd_pdb.py
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def main():

# Read file names

my_file1 = input("\nType first PDB file name  => ")

my_file2 = input("\nType second PDB file name => ")

# Call read_PDB_return_coord() to get atomic coordinates as arrays

x1,y1,z1 = read_PDB_return_coord(my_file1)

# Call read_PDB_return_coord() to get atomic coordinates as arrays

x2,y2,z2 = read_PDB_return_coord(my_file2)

# Call calc_rmsd()

rmsd = calc_rmsd(x1,y1,z1,x2,y2,z2)

# Get the size of the array

n = len(x1)

# Show results

print("\nDocking RMSD = %6.3f"%rmsd," A for %5d"%n," atoms.")

main()
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In main() function, the program reads the PDB file names and calls

read_PDB_return_coord(my_file) function twice. This function returns three arrays with

the atomic coordinates for each input PDB file. These arrays are passed to the function

calc_rmsd(x1,y1,z1,x2,y2,z2), that carries out RMSD calculation. The code for main

function is shown below.

Program: rmsd_pdb.py (main function)
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def read_PDB_return_coord(pdb_in):

"""Function to read atomic coordinates from a PDB file"""

# Import libraries

import sys

import numpy as np

# Setup empty lists

x = []

y = []

z = []

# Try to open PDB file

try:

my_PDB_fo = open(pdb_in,"r")

except IOError:

sys.exit("\nI can't file "+pdb_in+" file!")

# Looping through PDB file

for line in my_PDB_fo:

if line[0:6] == "HETATM" or line[0:6] == "ATOM  ":

if line[13:14] != "H":

x.append(float(line[30:38]))

y.append(float(line[38:46]))

z.append(float(line[46:54]))

# Convert list to array

x_coord = np.array(x)

y_coord = np.array(y)

z_coord = np.array(z)

# Return arrays

return x_coord, y_coord, z_coord

The read_PDB_return_coord()

function reads the atomic

coordinates from a PDB file and

returns the non-hydrogen

coordinates as three NumPy arrays.

In the for loop shown in red here, the

function looping through each line of

a PDB file and assigns the atomic

coordinates to three lists, named x,y,

and z. This assignment occurs only if

the line[0:6] is equal to “ATOM “ or

“HETATM”. In addition, the function

tests whether the atom label is

hydrogen “H”. This function only

assigns the coordinates for non-

hydrogen atoms to the x, y, and z

lists. This function converts these

lists to NumPy arrays, named

x_coord, y_coord, and z_coord.
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Function: calc_rmsd()
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def calc_rmsd(x1,y1,z1,x2,y2,z2):

"""Function to calculate RMSD"""

# Import library

import math

# Set count to zero

sum_d2 = 0

# Assign len(x1) to n (size of array)

n =  len(x1)

# Looping through all atomic coordinates to calculate sum of d2

for i in range(n):

# Calculate the square of Euclidian distance between two points

d2 =  ( x1[i] - x2[i] )**2 + (y1[i] - y2[i])**2 + (z1[i] - z2[i])**2  

sum_d2 += d2

# If n> 0 calculate rmsd

if n > 0 :

rmsd = math.sqrt(sum_d2/n)

else:

rmsd =  None

# Return rmsd

return rmsd

The calc_rmsd()

function calculates

RMSD based on the

equation 1 and returns

this value as a float.
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Biological System
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We are going to use the atomic coordinates generated by a protein-docking simulation

program called Molegro Virtual Docker (MVD) (Thomsen & Christensen, 2006). Default

docking parameters for MVD program were used to generate the atomic coordinates

for the pose. We saved the atomic coordinates for the crystallographic position for the

active ligand in a file named ligand.pdb, and the lowest RMSD pose in a file named

pose.pdb. The figure below shows the docking simulation results. The pose is in red

and the crystallographic position in light grey. The structure used in the simulation was

the cyclin-dependent kinase 2 in complex with 3-AMINO-6-(4-{[2-

(DIMETHYLAMINO)ETHYL]SULFAMOYL}PHENYL)- N-PYRIDIN-3-YLPYRAZINE-2-

CARBOXAMIDE (PDB access code: 4ACM) (Berg et al. 2012)

Crystallographic and pose positions.
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Running rmsd_pdb.py
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To run rmsd_pdb.py, type python rmsd_pdb.py, and then type the PDB file names, as

shown below.

The program rmsd_pdb.py obtained the same result shown by the program MVD.

To run this tutorial, you need the following files: rmsd_pdb.py, ligand.pdb and pose.pdb.

All files should be in the same folder.

C:\Users\Walter\>python rmsd_pdb.py

Type first PDB file name  => ligand.pdb

Type second PDB file name => pose.pdb

Docking RMSD =  1.116  A for    31  atoms.

C:\Users\Walter\>.....
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Colophon

This text was produced in a DELL Inspiron notebook with 6GB of memory, a 750 GB

hard disk, and an Intel® Core® i5-3337U CPU @ 1.80 GHz running Windows 8.1. Text

and layout were generated using PowerPoint 2013 and graphical figures were

generated by Molegro Virtual Docker (Thomsen & Christensen, 2006). This tutorial

uses Arial font.
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