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!4Please visit the website: https://github.com/TinkerTools to obtain last updates
of this tutorial and informations about other new tutorials.
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1 Introduction

This tutorial is dedicated to few points relative to the Tinker XYZ file preparation protocol.
Tinker XYZ file will be labeled as TXYZ file in the following of this tutorial. Indeed, a TXYZ
file is more than a simple XYZ file. In addition to the number of atoms and the classical
x/y/z cartesian coordinates, we can find additional informations (See Figure 1) such as:

• The atom type, which directly depends on the chosen force field related to the TXYZ
file,

• The connectivities for each atoms, which could be partially attributed to the PSF
informations in other simulation packages (CHARMM, NAMD, AMBER, ...)

Manually manage these parameters in the TXYZ preparation procedure could fastly become
complicated. This is why we propose to sum a list of different cases you could often meet if
you have to prepare a TXYZ file for a Tinker-HP simulation.

Figure 1: Representation of a XYZ (on left) and its respective TXYZ (on right). Columns
in red, green and yellow represents respectively: the atom ID, its atomic number in the force
field and the connectivities of each atoms. These features are not present in a single XYZ
file.

3 November 28, 2019



2. How to generate a TXYZ file

2 Generating a Tinker XYZ file (TXYZ): several cases

2.1 First case: the general case with ubiquitin

Input Files and Executables

• 1UBQ.pdb

• AMOEBABIO18.prm

• pdbxyz.x

To begin we will consider a simple and classical case, the ubiquitin protein. This system
contains only usual amino–acids, which represents for us a standard reference for this tutorial.
Let us see how to pass from a pdb structure (1UBQ.pdb) of this system to a TXYZ file for
Tinker–HP.
In a terminal, you directly applied the tinker executable pdbxyz.x on the 1UBQ.pdb such as:

./pdbxyz.x

You will then enter the name of the pdb file (1UBQ.pdb) and the name of the desired force
field (AMOEBABIO18.prm). Finally, 2 output files will be generated if the procedure well
works:

1. an output file named 1UBQ.xyz which corresponds to the TXYZ file

2. a sequence file named 1UBQ.seq, which indicates the name of all amino–acids read
and converted during the procedure. This file is useful when we want to check that all
amino–acids have benn well taken into account during the procedure.

And when it does not work ? ...

!4Note that this case (ubiquitin) is the universal case due to the simplicity of its
amino–acids composition. In other cases, the procedure can failed, depicted by:

• No sequence file will be generated

• The atom types, number of connectivities and the respective connectivities will
be set to 0

In this case, the problem you are encountering could be explained by several manner:

• The presence of non amino–acids (water, ions, ligand ...). In this case, a guideline
to overcome this problem will be provide you in the 2.4 part of this tutorial.

• The presence of a modified amino–acids (Serine + adduct for example). In this
case, a guideline to overcome this problem will be also provide you in the 2.5
part of this tutorial.
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2. How to generate a TXYZ file

Output Files

• 1UBQP.xyz

• 1UBQP.seq

2.2 Second case: manage the protonation states still with ubiqui-
tin

Input Files and Executables

• 1UBQ.xyz

• AMOEBABIO18.prm

• vmd

Figure 2: Representation of the GLU16 which would be protonated, and the specific lines of
TXYZ, AMOEBABIO18 and SEQ files concerned.

When you directly applied the pdbxyz.x Tinker executable, protonation state are directly
calculated according to their theoretical protonation state at the standard neutral pH (=7).
A table summing the different protonation states of each concerned amino–acids is presented
as following:
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2. How to generate a TXYZ file

Amino acid �–CO2H pKa1 �NH3 pKa2 side chain pKa3

Arginine (ARG) 2.1 9.0 12.5
Aspartic Acid (ASP) 2.1 9.8 3.9

Cysteine (CYS) 1.7 10.4 8.3
Glutamic Acid (GLU) 2.2 9.7 4.3

Histidine (HIS) 1.8 9.2 6.0
Lysine (LYS) 2.2 9.0 10.5

Tyrosine (TYR) 2.2 9.1 10.1

Table 1: Standard pKa calculated at pH=7 for charged amino–acids. The main column of
interest in this work is the fourth, but the other could be also usefull for other works.

Imagine for instance, according to Figure you want for any reason to protonate your GLU16,
which is not protonated at pH=7 according to the side chain pKa value of Table 1 (4.3). In
this way, how can you manually protonate it and in the same way adjust the atom types in
the TXYZ file ? Let see simply how to do by following these instructions:

1. Firstly, you have to generate a set of x/y/z coordinates for the H atom wich you will
link to the atom 266. To make this step, you can use several softwares such as:

• VMD molfacture module

• Gaussview (only with the GLU16 as input file)

• Macmolplot

• Avogadro

• ...

In our case, we used the molfacture module of VMD to generate a set of x/y/z coordi-
nates for the H atom, which is:

33.291695 / 27.695854 / 1.152159

2. Then, you add a line in the TXYZ between the atoms 266 and 267 corresponding to
your new H atom. It has to be:

10000 H 33.291695 27.695854 1.152159 166 266

With:

• 10000: Corresponds to a new number of atom. Has to be at least up to the last
number of atom (here 1232).

• H: Corresponds to a H atom

• 33.291695 27.695854 1.152159: X/Y/Z coordinates of the new H atom

• 166: Is the atom type in AMOEBABIO18 corresponding to the protonated H to
the COOH group of GLU.

• 266: H is linked to atom 266 as well as it corresponds to its protonated form.
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2. How to generate a TXYZ file

3. The last things to do is to adjust the atom types of the CH2–CH2–COOH group ac-
cording to the AMOEBABIO18 force field. In this way, the conversion to apply in the
TXYZ is the following:

• ATOM 262: Replace 153 by 159

• ATOM 263: Replace 155 by 161

• ATOM 264: Replace 157 by 163

• ATOM 265: Replace 158 by 164 (is the unprotonated O)

• ATOM 266: Replace 158 by 165 (is the protonated O)

• ATOM 267: Replace 154 by 160

• ATOM 268: Replace 154 by 160

• ATOM 269: Replace 156 by 162

• ATOM 270: Replace 156 by 162

Finally, a sum of what you have now is depicted here on Figure.

Figure 3: Representation of the protonated GLU16 with the atom types correspondance in
the AMOEBABIO18 force field and the added line (red) and modified labels (blue).

Exercise 1: Try to protonate the ASP21.
Exercise 2: Try to deprotonate the LYS63.
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2. How to generate a TXYZ file

2.3 Third case: adding the crystal waters in the conversion

Input Files and Executables

• 1UBQ.pdb

• AMOEBABIO18.prm

• pdbxyz.x

• xyzedit.x

• top all22 prot.rtf (modified)

• CRY generation.tcl

• WaterTranslator.f90

In many cases, crystal waters have to be considered more than simple water molecules.
Indeed, they can be directly implicated in the stabilization of tertianary protein structures.
In such a case, it becomes to be crucial to be able to include these water molecules in the
initial txyz.
Unfortunately, the pdbxyz.x tinker module automatically delete all these crystal water molecules
during the process. This is why we are suggesting here to present a methodology of how
adding these water molecules in the txyz file.
Starting from the 1UBQ.pdb file, follow these instructions:

1. To begin, we have to divide the 1UBQ.pdb into 2 separate pdb files:

• a file named 1UBQ protein.pdb, only containing the protein atoms,

• a file named 1UBQ cry.pdb, only containing on its side the crystal water atoms.

To create these 2 files, you can type in your terminal:

sed -n -e ’321,922p’ 1UBQ.pdb > 1UBQ protein.pdb

sed -n -e ’924,981p’ 1UBQ.pdb > 1UBQ cry.pdb

and add a the beginning of the both files the following line (which corresponds to the
header of the pdb file):

HEADER CHROMOSOMAL PROTEIN

and at the end of the both files the line only containing the word ”END”.

2. You can easily convert the 1UBQ protein.pdb file into a txyz file by using the ./pdbxyz.x
command seen below in the first part of this tutorial. A txyz named 1UBQ protein.xyz
will be generated.
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2. How to generate a TXYZ �le

3. However, it appears to be more complicated for the 1UBQcry.pdb �le. Indeed, if you
try to convert it directly by the use of the pdbxyz.x command, it would not work as well
as hydrogen atoms on each oxygen will be not determined. To overcome this problem,
we can directly pass by the VMD software to generate a pdb owning the crystal water
molecules with hydrogens. For that, open VMD and load the 1UBQcry.pdb �le. You
then go in the Tk console and type the following command:

source CRYgeneration.tcl

This smooth tcl script working with VMD and the CHARMM topology �le "top all22 prot.rtf"
will generate a pdb �le, CRY.pdb, containing the oxygen and their corresponding hy-
drogen atoms.

4. You can then apply the pdbxyz.x module on the CRY.pdb �le. Unfortunately, it still
does not work to associate the right atom types for each water molecules, but the
hydrogen atoms are here in the new CRY.xyz �le.

5. We just have to convert the "0" in the CRY.pdb into the right atom types for the
AMOEBA water in AMOEBABIO18.prm (349 for O and 350 for H). You can auto-
matically make that by launching in the terminal the following code after compiling
it:

gfortran WaterTranslator.f90 -o WaterTranslator

./WaterTranslator

A new �le, CRY2.xyz is generated and owns the right atom types.

6. The last step consists of concatenating the both �les, 1UBQprotein.xyz and CRY2.xyz
in one �nal txyz �le. To make that, we can use the xyzedit.x module:

(a) Type in the termina: ./xyzedit.x

(b) Enter the txyz �le name 1UBQ protein.xyz

(c) Enter the parameter �le name AMOEBABIO18.prm

(d) Choose the option 18

(e) Enter the name �le CRY2.xyz

(f) Type on "enter" to quit the procedure

A �le named 1UBQ protein.xyz 2 is created and corresponds to the �nal system
ubiquitin + crystal waters for the AMOEBABIO18 force �eld. You can change the
name by 1UBQ�nal.xyz to �nalize the procedure.
You are now able to add crystal waters to a txyz �le when it will be necessary, while
this procedure can be generalized for all systems !
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