Section 1.6.2 Computer scripts and ARCHER2 protocol
  1.6.2.1 Script 1: annotated command line script for NAMD preparation
#open <test_directory> in terminal

vmd

#in VMD Main: File > New Molecule > Browse > load test.pdb

#in VMD Main           extensions > TK console

set test [atomselect top nucleic]

$test writepdb testp.pdb

#in TK Console > Extensions > Modeling

select autopsf builder

check nucleic acid

check 'I'm feeling lucky'

#if not autopsf builder

#source test.pgn

#source wat_sphere.tcl
#solvation
package require solvate

solvate test_autopsf.psf test_autopsf.pdb -t 15 -o test_wb

#autoionize

package require autoionize

autoionize –psf test_wb.psf –pdb test_wb.pdb -neutralize

#VMD Main: File > new mol > select test_wb.psf. load > Browse test_wb.pdb. 

# in TK console:

set everyone [atomselect top all]

measure minmax $everyone
measure center $everyone
#note values for PBC

VMD Main> File>Quit

#if no PBCs:

namd2 test_ws_eq.conf > test_ws_eq.log

#if PBCs:

namd2 test_wb_eq.conf > test_wb_eq.logvmd

#RMSD

#no PBCs:

vmd

#file > new mol > browse load test_ws.psf

#load test_ws_eq.dcd.

#extensions > TkConsole

source rmsd.tcl

xmgrace rmsd.dat     

#if PBCs:

vmd

# file > browse > load ionized_wb.psf > load test_wb_eq.dcd.   

# extensions > analysis > RMSD Traj Tool

# delete "protein" write "nucleic"> select Align.  

# select Save, Plot

# Options > plotting prog> xmgrace or multiplot

# select File > plot data

#energy plots

vmd

#extensions>analysis>energy plot

file> test_namd vmdlogfile

#select Kinetic / Potential. 

#select plot>file>export>xmgrace
1.6.2.2 Script2: Configuration file for simulation (conf.txt) 

# Minimisation and Equilibration of ‘test’ in a Water Box

structure          ionized.psf

coordinates        ionized.pdb
set temperature    310

set outputname     test_wb_eq

firsttimestep      0

# Input

paraTypeCharmm
    on 

 par_all36_na.prm
 par_all22_prot_metals.inp

 top_all36_na.rtf

 par_all22_prot.prm

 par_all35_ethers.prm 

 par_all36_carb.prm

 par_all36_cgenff.prm

 par_all36_lipid.prm

 par_all36_prot.prm

 par_all36m_prot.prm

 temperature         $temperature

# Force-Field Parameters

exclude             scaled1-4

1-4scaling          1.0

cutoff              12.0

switching           on

switchdist          10.0

pairlistdist        14.0

# Integrator Parameters

timestep            2.0;# 2fs/step

rigidBonds          all;# needed for 2fs steps
rigidTolerance      0.0005
nonbondedFreq       1

fullElectFrequency  2  

stepspercycle       10

# Constant Temperature Control

langevin            on;# do langevin dynamics #off =NVT simulation

langevinDamping     1;# damping coefficient (gamma) of 1/ps

langevinTemp        $temperature

langevinHydrogen    off;# don't couple langevin bath to hydrogens

#Periodic Boundary Conditions: from “pbc box” in VMD Main/Tk console
cellBasisVector1    49.48   0.0  0.0

cellBasisVector2     0.0   44.79 0.0

cellBasisVector3     0.0    0.0 54.75

cellOrigin           0.0   -0.86 0.66

wrapAll             on

margin               2

# PME (for full-system periodic electrostatics)

PME                 yes

PMEGridSpacing      1.0

#manual grid definition

#PMEGridSizeX        45

#PMEGridSizeY        45

#PMEGridSizeZ        48

# Constant Pressure Control (variable volume)

useGroupPressure      yes;# needed for rigidBonds

useFlexibleCell       no

useConstantArea       no

langevinPiston        on

langevinPistonTarget  1.01325;#  in bar -> 1 atm

langevinPistonPeriod  100.0

langevinPistonDecay   50.0

langevinPistonTemp    $temperature

# Output

outputName          $outputname
restartfreq         500; # 500steps = every 1ps

dcdfreq             500
xstFreq             250

outputEnergies      100

outputPressure      100

# Minimisation

minimize            50000

reinitvels          $temperature

run 24950000 ; #500ns
# zipped parameter files for the study were: toppar_c36_jul18.tgz, and downloaded from  http://mackerell.umaryland.edu./CHARMM_ff_params.html
# run command (OU Linux HP servers) 

namd2 +oneWthPerCore - - config conf.txt

Radius of gyration requires three scripts: (a) gyr_radius.tcl, (b) center_of_mass.tcl and (c) rog_loop_dcd.tcl.  Scripts (a) and (b) set all parameters for the calculation and script (c) returns the radius of gyration data as a text file which can be visualized with an external plotting programme.

   1.6.3.2 Script 3: Single frame visualisation

mol load psf ionised.psf dcd test.dcd

set nf [molinfo top get numframes]

for {set i 0} {$i<$nf} {incr i} {

[atomselect top all frame $i] writepdb 
frame_$i.pdb
}
   1.6.3.3 Script 4: Radius of Gyration Tcl files 
(a) center_of _mass.tcl

 proc center_of_mass {selection} {

 if {[$selection num] <= 0} {

 error "center_of_mass: needs a selection with atoms"

 }

 # set the center of mass to 0

 set com [veczero]

 # set the total mass to 0

 set mass 0

 # [$selection get {x y z}] returns the coordinates {x y z} 

 # [$selection get {mass}] returns the masses

 # so the following says "for each pair of {coordinates} and masses,

 foreach coord [$selection get {x y z}] m [$selection get mass] {

 # sum of the masses

 set mass [expr $mass + $m]

 # sum up the product of mass and coordinate

 set com [vecadd $com [vecscale $m $coord]]

 }

 # and scale by the inverse of the number of atoms

 if {$mass == 0} {

 error "center_of_mass: total mass is zero"

 }

 return [vecscale [expr 1.0/$mass] $com]
(b) gyr_radius.tcl

  proc gyr_radius {sel} {

  # make sure this is a proper selection and has atoms

  if {[$sel num] <= 0} {

  error "gyr_radius: must have at least one atom in selection"

  }

  # gyration is sqrt( sum((r(i) - r(center_of_mass))^2) / N)

  set com [center_of_mass $sel]

  set sum 0

  foreach coord [$sel get {x y z}] {

  set sum [vecadd $sum [veclength2 [vecsub $coord $com]]]

  }

  return [expr sqrt($sum / ([$sel num] + 0.0))]

(c) rog_loop_dcd.tcl

 source gyr_radius.tcl

 source center_of_mass.tcl

 set outfile [open radius_of_gyration.dat w]

 puts $outfile "i rad_of_gyr"

 set nf [molinfo top get numframes] 

 set i 0

 set prot [atomselect top "protein"]

 while {$i < $nf} {

 $prot frame $i

 $prot update

 set i [expr {$i + 1}]

 set rog [gyr_radius $prot]

 puts $outfile "$i $rog"} 

 close $outfile

 exit
(d)run RoG calculation.
# copy ionised.psf to RoG folder

# move test.dcd to RoG folder

# open Rog folder

  vmd > load psf >load dcd

# open Tk console

  ls

  source rog_loop_dcd.tcl

  1.6.3.4 Script 5: Calculate waters within a given distance of specified residues.

set nf [molinfo top get numframes]

set outfile [open water-number.dat w]

set sel [atomselect top "water and name OH2 and within 2 of nucleic and resid 1 2 7 8 14 15 19 20"] #triplanar = 2 3 4 8 9 10 14 15 16 20 21 22
for {set i 0} {$i<$nf} {incr i} {

$sel frame $i

$sel update

set molnum [$sel num]

puts $outfile "$i $molnum"

}

close $outfile

1.6.3.5 Script 6. Calculate angles or dihedrals 

measure angle {a b c} frame all 

# or 

measure dihed {a b c d} frame all 

   1.6.3.6 Script 7: run ellipsoidal RMSD
vmd
Tk console

logfile logvmd

# load ionized.psf; wb_dcd

# highlight ionized.psf

File > save co-ordinates

makefilename #as sample1.pdb

# open python > barnaba-0.1.7

$barnaba ERMSD - - ref sample1.pdb - - top ionized.pdb 

- - trj <wb_dcd>
  1.6.3.6: ARCHER2 access protocol

#start local terminal
#open SAFE account

#open MobaXterm
choose session 

>basic SSH settings

>remote host

>login.archer2.ac.uk

enter user name

select advanced options 
enter SSH browser type = SFTP protocol

enter private key
enter passphrase

cd /work/<project>/<project>/user name

ls-l

nano slurm_<project>.out

#start simulation

Sbatch subunit.ll

#monitor run

squeue -u <user name>

#monitor project status

nano <file>

1.6.3.7 colvar configuration 
colvar {
  # difference of two angles
  name alpha
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}
  }
  name beta
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}
  name chi
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}
  name gamma
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}
  name delta
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}
  name epsilon
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}
  name zeta
  #estimated fluctuation width
  angle {
    componentCoeff 1.0
    group1 { atomNumbers 1 2 }
    group2 { atomNumbers 3 4 5 7}

colvar {
  name alpha
  coordNum {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }
}
colvar {
  name beta
  cordon {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }

colvar {
  name chi
  coordNum {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }
colvar {
  name gamma
  coordNum {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }
colvar {
  name delta
  coordNum {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }
colvar {
  name epsilon
  coordNum {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }
colvar {
  name zeta
  coordNum {
    cutoff 6.0
    group1 { atomNumbersRange 1-10 }
    group2 { atomNumbersRange 11-20 }
  }


colvar {
  name alpha
  alpha {
    psfSegID PROT
    residueRange 1-10
  }
}

colvar {
  name beta
  beta {
    psfSegID PROT
    residueRange 1-10
  }
}
colvar {
  name chi
  chi {
    psfSegID PROT
    residueRange 1-10
  }
}
colvar {
  name delta
  delta {
    psfSegID PROT
    residueRange 1-10
  }
}
colvar {
  name epsilon
  epsilon {
    psfSegID PROT
    residueRange 1-10
  }
}
colvar {
  name zeta
  zeta {
    psfSegID PROT
    residueRange 1-10
  }
}

colvars> enables the plug-in 

colvarsConfig>  accesses the relevant configuration colvar file

colvarsInput>  specifies the state file for the collective variables

