3J_coupling_distribution documentation

This document describes how the program is to be used.  The inputs and outputs are described.  The example of a 1 ns restrained 1C4 IdoA2S trajectory is given in the arixtra_1C4_example directory; memory usage of the upload did not permit a large trajectory.  The bash files can be used to have the program calculate with different types of options; the results will be in the output directory of arixtra_1C4_example.  These bash files can be changed to suit the needs of the user of this program.
These programs generate 3J coupling information from trajectories: 3J couplings and histograms of the 3-bond angles from -180 to 180 degrees. 
· Program description
· Inputs and outputs
· Example command lines for the program
· Bash files with example commands
· Example output 
· Documentation explaining the theory of the calculations of the program
· Installation/un-installation instructions
The program is
· 3J_coupling_distribution
3J_coupling_distribution
This program calculates the average 3J couplings of a trajectory and also produces files containing histograms of the torsion angles.  

Important comments
The stack size has to be large enough.  Type 'ulimit -s unlimited' to use the maximal stack size.  The limits can be checked by typing 'ulimit -s'.
The formatting is important.  The program takes a coordinate and topology file without solvent, and also with the first line of the trajectory file empty or an ignorable comment.  The first line of the trajectory .crd file could say something about how it is made, except there must be a blank or meaningless line.  Cpptraj format usually says in the first line that it was made by cpptraj.  There should also be NO BOX information in the .crd file.  In future release the program will take care of files with box information.  An example trajectory and topology file is given in the ‘example’ directory.  
Bash files are included for each of the optional usages.
Samplefrequency should be an integer.  If this is not an integer than an error message will be given.
The first 6 inputs are error handled and will say if a file is not found or if the inputs are not integers.

The 3J coupling of each frame is calculated of the atom-atom-atom-atom, than it averages over all the frames.  The default output is the C-…-…-C, C-…-…-H, H-…-…-C, H-…-…-H 3-bonds.  The atoms are adjacent, i.e. a 3-bond.  
· Types of coefficients and functions
The couplings are found as a function of the coupling function, e.g. Acos*cos+Bcos+C.    The program uses an input file, e.g. fileequation.txt, which has the coefficient information of the 3J couplings.  This file is parsed for each of the calculations to determine the 3J coupling coefficients.  The user can add to the file any coefficients for any type of 3J coupling.  
An example of coefficients for a ‘type’ of 3J coupling is in fileequation.txt
  
Karplus  -- labeling of type of coefficients for four atoms
C  -- these are the four atoms used in the calculation
C
C
C
3.49   -- this is A
0  -- this is B
.16  -- this is C

The program will open the fileequation.txt file, look to find if the user type input (e.g. Karplus) is found, than parse the information for the 1-4 atoms and coefficients.  In this example, if the user wanted a Karplus type of 3J coupling for the C-C-C-C then the coefficients of A=3.49, B=0, C=.16 are used in the 3J coupling calculation.

· Theory of the 3J coupling calculation
The paper “Developments in the Karplus equation as they relate to the NMR coupling constants of carbohydrates,” Advances in Carbohydrate Chemistry and Biochemistry, v.62, pp.17-82 describes the theory of the 3J couplings.  The file_coefficients.txt as a default has the coefficients of the Karplus type from that paper.  
Figure 1 shows the 3J coupling as a function of angle for the Karplus type.  There are two angles which give the same 3J coupling.  This makes it difficult in general to use the 3J coupling for determination of structure unless noe’s are also used, OR histograms are included.  The histograms of the 3-bond angles are an output of the program.
Figure 1:
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· Command line
First, there are bash scripts for all of these usages.  These are found in the arixtra_1C4_example directory.  Nothing in particular with Arixtra, except I have been examining this molecule.  The most basic usage of the program uses
          ./3J_coupling_distribution file.top file.crd out-dir type samplefrequency  inputfilecoefficients                                               
This should be the default usage.  It can’t be more default than this, since the information is required.

There are also the options of using the command line of
                ./3J_coupling_distribution file.top file.crd out-dir type samplefrequency inputfilecoefficients atomType1 atomType2 atomType3 atomType4 
                ./3J_coupling_distribution file.top file.crd out-dir type samplefrequency inputfilecoefficients atomType1 atomType2 atomType3 atomType4 residue1 residue2 residue3 residue4
                ./3J_coupling_distribution file.top file.crd out-dir type samplefrequency inputfilecoefficients atomType1 atomType2 atomType3 atomType4 residue1 coeff1 coeff2 coeff3
                ./3J_coupling_distribution file.top file.crd out-dir type samplefrequency inputfilecoefficients atomType1 atomType2 atomType3 atomType4 residue1 residue2 residue3 residue4 coeff1 coeff2 coeff3
These options could be important if just a few 3J coupling/histograms are desired and if the coefficients are particular to a certain type of molecule. 

· Input 
The inputs are described. 
Topology file
· file.top – topology file.  This is an amber .prmtop file without solvent preferably.
Trajectory file
· file.crd – trajectory file.  This is a trajectory file .crd.   There should be no box information and also a meaningless first line, such as from cpptraj, and also no solvent.  Solvent can be used, however if there is solvent the program is unnecessarily slow.
Output directory of the files
· out-dir – the directory of the output, e.g. ‘example’.  This is the directory in which the output will be given.
Type of 3J calculation
· Type – type of coupling – string, e.g. Karplus.  This is the type of Karplus coupling as found in fileequation.txt.  The ‘inputfilecoefficients’ will use this type to determine the coefficients.  The user can modify this file to use any set of coefficients.  Different coefficients are used for different types of molecules, e.g. carbohydrates and proteins.
Samplefrequency – 1 frame out of samplefrequency frames is used.  This can be important to uncorrelate the   
         motion.  
· samplefrequency
In case the second optional command line is used, the atom types are given as inputs.  
· atomType1, atomType2, atomType3, atomType4 
In case the third optional command line is used, the atom types and residue numbers are given as inputs.  
· residue1, residue2, residue3, residue4
The fourth optional command line does not specify a type of Karplus coefficients.  The user specifies the atomTypes and also the coefficients A=coeff1, B=coeff2, and C=coeff3 as inputs.  This option could be useful if somebody would like to test different coefficients not included in the inputfilecoefficients file.  The fifth optional command is the same except the residue numbers are also specified.

· Output
There are two types of output from using this program.  The first is the 3J calculation.  The second is a histogram of angles from -180 to 180 of all the contributions to the calculation.  These are given as text files.  Both of these outputs can be used in comparing theory with experiment.
The signed inverse cosine is used to make the histograms.  Normally, invcos gives an answer from 0 to 180, which is sufficient for the typical 3J calculation since cos is an even function.  However, the signed inverse cosine is used to determine the population of frames of torsion angles from -180 to 180.  This could be useful for population analysis of conformations.
The use of the command line will produce files fileCC.txt, fileCH.txt, fileHH.txt and also text files containing the histogram of angles from -180 to 180 degrees.  The 1-4 adjacent atoms with type [C=atom1, any=atom4; any=atom1, C=atom4], [C=atom1, any=atom2, any=atom3, H-atom4], [H=atom1, any=atom2, any=atom3, C=atom4], [H=atom1, any=atom2, any=atom3, H=atom4] are used to find all the 3J couplings of the molecule.
Example output of the proton-proton 3J coupling is found in the example directory and contains,  
0 1 4 5 : H-C-O-C
OME:1:H1 OME:1:CH3 OME:1:O UYY:2:C1
3.33653  .4
The first four numbers are the atom numbers.  The atomTypes are given.  The second line says the residues and atom names of the four atoms, and also the residue number since two residues may have the same name.  The nomenclature uses the Amber format from the topology file.  The last number is the average 3J coupling using the coefficients and the standard deviation.  All the frames in the .crd file are used.
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