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Where Does Force Field Come From?



The X-PLOR Energy Function



Bond Stretching Energy



Angle Bending Energy



Angle Bending Energy



Dihedral Angle Energy



Dihedral Angle Energy



Improper Torsion Energy



Improper Torsion Energy



Van der Waals Function



Van der Waals Function



Electrostatic Function



parameter nbonds RDIE SWITCH end end

Electrostatic Function



1-4 Interactions



Long-Range Switching/Shifting/Truncation



Soft Repulsive Non-Bonded Energy



Non-Bonded Lists



Summary of Non-Bonded Options



Modification of Energy Function

Switch energy terms on or off:



Modification of Energy Function

Restrict Interactions:



Modification of Energy Function

Weighting Interactions:



Modification of Energy Function

Weighting Interactions:



Modification of Energy Function

Modify Charges:



Examples of X-PLOR Force Fields
PARAM19:



Typical CHARMM force fields we use:

param19.pro / toph19.pro / toph19.pep
(united atom model, only polar hydrogens)

parallh22x.pro / topallh22x.pro / toph22.pep
(all hydrogen, newer force field)

Download these from class web site!

There are newer versions available (v. 27, not covered here)

Examples of X-PLOR force fields



The X-PLOR Scripting Language



Symbol Definitions and ‘EVALuate’



Arithmetic Operations



Special Symbols



IF Statements



IF Statements



Loops



Atom Selection



Selection by Atom Name



Wildcards and Ranges



Selection by Atom Property



Atom Selection



‘VECTor’ Statement



3D Vectors and Matrices



Output Files



Script Example I: RMS Difference

$result A



Script Example I: RMS Difference



(byresidue(id $loopid) and not hydrogen)

Script Example II: B-Factors



Solvate.inp (download from class web site)

Script Example III: Solvate in Water



Geometric and Energetic Analysis 
Print Statement

The print statement provides a listing of pertinent information about selected bonds, 
angles, dihedrals, impropers, and hydrogen bonds. The listing of the print statement 
can be further reduced by use of the constraints interaction statement (see above).

The following example shows how to print all covalent bonds of residue 40 that 
deviate by more than 0.1 Å. It also provides information about the rms deviation of the 
selected bonds:

constraints interaction 
( residue 40 ) ( residue 40 ) 

end 
print threshold=0.1 bonds

(for details see online X-PLOR manual, chapter 5)



Geometric and Energetic Analysis 
Pick Statement

The pick statement allows one to pick specific energy terms independent of the actual 
list of bonds, angles, dihedrals, and impropers in the molecular structure.

The following example picks the bond angle value among three arbitrary atoms. Note 
that the atoms do not have to be bonded to each other, and no parameters are required 
for this property. Of course, if one tried to pick a different property here, the program 
would come back with an error message:

pick angle 
( residue 1 and name c ) 
( residue 32 and name n ) 
( residue 5 and name ca ) 
geometry

(for details see online X-PLOR manual, chapter 5)



Geometric and Energetic Analysis 

X-PLOR also provides scripts and tools for:

• Analysis of non-bonded information

• Accessible Surface Area

• Ramachandran plot 

(for details see online X-PLOR manual, chapter 5)

Advanced Analysis



Cartesian Coordinates 

(for details see online X-PLOR manual, chapter 6)

Coordinate Manipulation and Analysis

The coordinate statement is used to read and manipulate coordinates, such as least-squares 
fitting to a comparison coordinate set, rotation, translation, and conversion between 
fractional and orthogonal coordinates. 

In the following example, the first set is least-squares fitted to the second (comparison) set 
using  C-alpha atoms only. Note that all atoms are translated and rotated. Then the rms
difference between the two sets is computed for backbone atoms and stored in the symbol 
$1. Finally, the individual rms differences are printed for all backbone atoms that show rms
differences greater than 1Å and the fitted coordinates (C-alpha only) are written to a file.

coordinates fit selection=( name ca ) end 
coordinates rms selection=( name ca or name n or name c ) end 
evaluate ($1=$result) 
vector show ( b ) 

( attribute b > 1.0 and ( name ca or name n or name c )) 
write coordinates output=outfile.pdb selection =(name ca) end



Cartesian Coordinates 

(for details see online X-PLOR manual, chapter 6)

Advanced Coordinate Manipulation

X-PLOR also provides scripts and tools for:

• Analysis of rmsd vs. residue number

• Auto-orienting and centering

• Any kind of translating / rotating coordinates

• Computing the radius of gyration

• Distance matrix calculations



Constraints & Restraints:
What’s the Difference?

• A constraint is a requirement that the system is forced to satisfy

•With a restrain the system is able to deviate from the desired value 

© http://indigo1.biop.ox.ac.uk/MD_workshops



Position Restraints

To a fixed reference position Ri: used during 
equilibration to avoid dramatic rearrangements of some 
parts of the system

e.g. position restraints to protein after insertion in 
bilayer to re-equilibrate the lipids

© http://indigo1.biop.ox.ac.uk/MD_workshops



Distance Restraints

They add a penalty to the potential when the distance 
between specified pairs of atoms exceeds a threshold 
value

© http://indigo1.biop.ox.ac.uk/MD_workshops



Distance Constraints: SHAKE Algorithm

© http://indigo1.biop.ox.ac.uk/MD_workshops



Coordinate Restraints 

(for details see online X-PLOR manual, chapter 7)

Advanced Coordinate Manipulation

X-PLOR provides scripts and tools for:

• Point restraints (e.g. attaching atoms to points by a harmonic spring)

• Planarity restraints

• Dihedral Angle Restraints



Coordinate Constraints 

(for details see online X-PLOR manual, chapter 8)

Advanced Coordinate Manipulation

X-PLOR provides scripts and tools for:

• Fixing atomic positions

• Fixing distances between atoms (SHAKE)

The following example fixes all C-alpha atoms:

coordinates fix=( name ca ) end



Energy Minimization



Powell’s Conjugate Gradient Method

© http://www.geog.ucl.ac.uk/~plewis/invert/nonlinear.htm



Powell’s Conjugate Gradient Method



A Simple Energy Minimization



Example: Building Hydrogens

flags exclude vdw elec end   ! For quick hydrogen building

hbuild
selection = (hydrogen)
phistep=20

end

flags include vdw elec end

constraints fix = (not(hydrogen))
end

minimize powell
drop = 20
nstep = 1000

end

write coordinate output = withhydrogens.pdb end

(for details see online X-PLOR manual, chapter 6)



Demo
minimization demo: download from class web site

1. run the following and wait until it exits (this will create the PSF):  xplor < prepare.inp > prepare.log & 
2. read and understand minimize.inp
3. run the following: xplor < minimize.inp
4. become familiar with and understand the output 
5. you could also do the following to create a log file and look at it as it is being created: 

xplor < minimize.inp > minimize.log & ; tail -f minimize.log

6. If you're adventurous the prepare.inp script explains how the PSF is generated: 

- first we did not discuss sugars (polysaccharides) in class, you can read more here: 
http://www.accessexcellence.org/RC/VL/GG/garland_PDFs/Panel_2.03b.pdf
- we're dealing with sugars and protein here so suger parameters/topolgy files need to be read also 
- segments CHA, CHB, CHC, CHD are 4 protein chains with sequence read from start.pdb
- segment CHE contains sugars in linear sequence starting at residue number 5 
- an explicit sequence is specified with fake residues 1-4 that are deleted later before reading the coordinates 
- then disulfide bond patches (cystein cross-links) are applied to the protein chains 
- sugars are highly branched so we need to add also a considerable number of sugar cross-links also 
- finally four sugar puckers have to be patched to the alpha from the standard beta form 
- hydrogen building 
- quick minimization 
- writing psf and pdb

7. If you want look at the structures with VMD... 



Molecular Dynamics



The Verlet Algorithm



Example: Newtonian Dynamics

! initialize velocities
dynamics verlet

nstep=1 ! nr. integration steps
timestep=0.0000001 ! integration step, ps
iasvel=maxwell ! initial velocity assignment
first = 300 ! temperature

end

! production run
dynamics verlet

nstep=1000 ! nr. integration steps
nprint=10 ! energy values printed every nprint steps
timestep=0.001 ! integration step, ps
iasvel=current ! current temperature
iprfrq=50 ! energy statistics printed every iprfrq steps
ntrfrq=0 ! Frequency of removal of COM motion

end

NOTE: Normally one would not initiate temperature directly at 300K but perform 
slow heating first.



Maxwell-Boltzmann Velocity Distribution

Terminology:

NVT: constant number of particles, 
volume, temperature (temp. coupling)

NVE: constant number of particles, 
volume, energy (Newtonian dynamics)



Prerequisites:

Need to set the following in 
dynamics verlet statement:

ieqfrq =<integer>
frequency of velocity rescaling

first=<real>
temperature

iscvel=<integer>
velocity rescale mode (default 0)

Temperature Control I: Velocity Scaling 



Temperature Control II: Langevin Dynamics 



Example: Langevin Dynamics

! initialize

vector do (fbeta=50) (not(hydrogen))
vector do (fbeta=0) (hydrogen)

dynamics verlet
iasvel = maxwell
first = 10
nstep = 1
timestep = 0.000001

end

evaluate ($step = 1) ! stepping variable used, 1ps run
evaluate ($tlan = 10) ! temperature variable used



Example: Langevin Dynamics

while ($step < 31) loop main ! 30 ps heating to 300K
dynamics langevin

ntrfrq = 100
nstep = 1000 
ilbfrq = 1000
timestep = 0.001
iasvel = current
iprfrq = 50
nprint = 10
tbath = $tlan
rbuf = 0

end
! write coordinates every ps
evaluate ($outfile = "langevin_"+ encode($step) + ".pdb")
write coordinates

output = $outfile
end
evaluate ($step = $step + 1)
evaluate ($tlan = $tlan + 10)

end loop main



Temperature Control III: Berendsen Coupling 



Temperature Control III: Berendsen Coupling 

Some important parameters:



assumes initial 
velocities have been set

Example: Slow Berendsen Cooling



Resources and Further Reading

WWW: 
http://xplor.csb.yale.edu

Books:
Chapters 1-11 in:
A.T. Brunger, X-PLOR Version 3.1 (Yale U Press, 1992)
online free at http://alpha2.bmc.uu.se/local_html/xplor_mirror.html

Acknowledgement:
Michael Nilges Primer
http://www.pasteur.fr/recherche/unites/Binfs/xplor/primer/
Lectures 2-4


