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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:

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

e 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.

'\J
XYZ Tinker XYZ
21
21
1 H .GB257 - 96142 -B8.873297 B@1 24
H 6.452575 —4 . 9614208 —-8.873297 6.452575 & a 8.873
2 N 7.892541 -5.279817 —7.333845 52 1 3 7 11
N 7.892541 =5.279817 —7.333865
3 C B.194742 -5.917885 —-B8.142721 E@3 74 & 5 &
c B8.194742 =5.917805 =8.142721
&4 H 9.863044 —-6.388931 =7.560229 B84 3
H 9.0863044 —6.308931 -7.56@8229
5 H 7.742956 -6.678958 —B.739743 L1: 1) 3
H 7.742954 —6.4678958 —B.739743
6 H 8.615589 —-5.841608 —B.704687 586 3
H 8.615589 —5.841608 —B.7046B7
i C 6.322927 -6.327683 -6.508281 Ba7 2 B Ll 18
c 6.322927 —6.3276B3 -6.508201
8 H 5.869458 —-7.844235 =7.218821 E@B 7
H 5.869658 -7 .844235 —-7.21ee21
9 H 7.848435 —6.791576 —-6.B1B&GD 1= 7
H 7.084B8435 —6.791576 —5.B18B699
18 H 5.583991 -5.827558 -5.914878 Bl@ 7
H 5.5083991 -5.B27558 —-6.914870
11 | C 7.5534615 —4.110865 —6.490444 511 2 12 13 14
c 7.56563615 —4.118865 —6 . 490444
12 H 6.647851 -3.660315 —6.872634 512 11
H 6.647851 —-3.660315 —6.872634
13 H B8.166915 -4 . 498185 -56.713955 513 11
H 8.166915 —4.49818B5 =5.713955
14 H 8.117199 -3.414381 -7.1234686 614 11
H 8.117199 —-3.414381 —7.1236B6
16 C —4.78B339 —4 . 560868 =2.612164 481 16 17 18 1%
c —4.788339 —4.550860 —-2.612164
16 H —4.175048 —3.68B858 =2.29B099 482 15
H —=4.175040 -3.6B8B858 -2.298899
17 H -5.888616 =5.210651 -1.887318 483 15
H -5.88B616 -5.218651 -1.887318
18 H -5.768796 —4,301374 -3.863026 404 16
H -5.768796 -=4.301374 —=3.0863026
19 C -4.834531 =5.321423 =3.718986 485 156 28 21
c -4.83454531 =5.321423 =3.71e98s6
0 3.279489 6.306235 3.399398 28 0 -3.279489 -6.306235 -3.309398 486 19
0 21 0 -4.261179 -6.158488 4. 964163 487 1%

-4.261179 -5.156B6BEB -4.964163

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.
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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

e 1UBQ.pdb
¢ AMOEBABIOI18.prm

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 on the 1TUBQ.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 7 ...

/\Note 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:

e No sequence file will be generated

e 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:

e 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.

e 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

e 1UBQP.xyz
e 1UBQP.seq

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

Input Files and Executables

e 1UBQ.xyz
¢ AMOEBABIOI18.prm

e vind

Atom 266 to be protonated TXYZ part of file

H 34.551169  30.141320 9.807650 24 245
GLU16 H 33.503450  31.432124 9.195942 24 245
H 34.335959  30.355098 8.062353 24 245
H 32.666039  29.276285  11.248572 24 246
H 31.177325  28.664523 10.508602 24 246
H 31.449624  30.410142 10.638012 24 246
N 31.834000 28.412000 5.125000 7 239 257 260
CA 31.220000 27.341000 4.275000 8 256 258 261 262
© 31.440000 26.079000 5.080000 9 257 259 271
0 32.576000 25.802000 5.461000 11 258
HN 32.727499  28.237799 5.562509 10 256
H 30.140810 27.527462 4.172135 12 257
© 31.827000 27.262000 2.894000 153 257 263 267 268
© 31.363000 28.410000 1.962000 155 262 264 269 270
© 31.671000  28.291000 0.498000 157 263 265 266
0 30.869000 28.621000 -0.366000 158 264
0 32.835000 27.861000 0.278000 158 264
H 31.552082  26.289805 2.458962 154 262
H 32.921253  27.285526 3.003803 154 262
H 31.746687  29.368637 2.341210 156 263
H 30.284739  28.580083 2.097738 156 263
N 30.310000 25.458000 5.384000 7 258 272 275

AMOEBABIO18 part of file

atom 153 8 © "Glutamate CB" 6 12.011

atom 154 9 H "Glutamate HB" 1 1.008

atom {55 8 C "“Glutamate CG" 6 12.011

atom 156 9 H "Glutamate HG" 1 1.008

atom 157 30 s "Glutamate CD" 6 12.011

A 16 GLU VAL GLU pRO SER AS THR ILE GLU ASN VAL LYs ALA Lys ILE aton 158 31 0  “Glutamate OE" 8  15.999
LG oapiiitmomsaEtmine  wen B8 C eltanic Acd oo s
atom 160 9 H Glutamic Acid HB 1 1.008

: sé éts GLN LYS GLU SER THR LEU HIS LEU VAL LEU ARG LEU ARG GLY atom 161 8 C wGlutamic Acid CG" 6 12.011
atom 162 9 H “Glutamic Acid HG" 1 1.008

SEQ file atom 163 32 C “Glutamic Acid CD" 6 12.011

atom 164 33 0 “Glutamic Acid OE1" 8 15.999

atom 165 34 0 "Glutamic Acid OE2" 8 15.999

atom 166 35 H "Glutamic Acid HE2" 8 1.008

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 —COyH pKa; | NHjz pKay | side chain pKag
Arginine (ARG) 2.1 9.0 12.5
Aspartic Acid (ASP) 2.1 9.8 3.9
Cysteine (CYS) 1.7 104 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 7 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:

e VMD molfacture module
Gaussview (only with the GLU16 as input file)

Macmolplot
e 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:

e 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 CH,~CH,—~COQOH group ac-
cording to the AMOEBABIO18 force field. In this way, the conversion to apply in the
TXYZ is the following:

ATOM 262:
ATOM 263:
ATOM 264:
ATOM 265:
ATOM 266:
ATOM 267:
ATOM 268:
ATOM 269:
ATOM 270:

Replace
Replace
Replace
Replace
Replace
Replace
Replace
Replace
Replace

153 by 159
155 by 161
157 by 163

158 by 164 (is the unprotonated O)
158 by 165 (is the protonated O)

154 by 160
154 by 160
156 by 162
156 by 162

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

atom
atom
atom
atom
atom
atom
atom

Atom 266 now protonated !

ww
PR OLV®O®
fonxTAITA

"Glutamate CB"
"Glutamate HB"
“Glutamate CG"
"Glutamate HG"
"Glutamate CD"
"Glutamate OE"
"Glutamic Acid CB"

cwaroaRo

ARWRARS

atom
atom
atom
atom
atom
atom
atom
atom

TXYZ part of file with protonated GLU16

>

ZIITITTIOONNONIZIONQZITIIITT

34.551169
33.503450
34.335959
32.666039

30.310000

159
160
161
162
163
164
165
166

30.141320 9.807650 24
31.432124 9.195942 24
30.355098 8.062353 24

29.276285  11.248572 24
28.664523  10.508602 24
30.410142  10.638012 24

28.412000 5.125000 7
27.341000 4.275000 8
26.079000 5.080000 9
25.802000 5.461000 11
28.237799 5.562509 10
27.527462 4.172135 12
27.262000 2.894000 159
28.410000 1.962000 161
28.291000 0.498000 163
28.621000 -0.366000 164
27.861000 0.278000 165
27.695854 1.152159 166
26.289805 2.458962 160
27.285526 3.003803 160
29.368637 2.341210 162
28.580083 2.097738 162
25.458000 5.384000 7
C "Glutamic Acid CB"
H “Glutamic Acid HB"
C "Glutamic Acid CG"
H "Glutamic Acid HG"
C "Glutamic Acid CD"
0 "Glutamic Acid OE1"
0 "Glutamic Acid OE2"
H "Glutamic Acid HE2"

AMOEBABIO18 GLU/GLUH correspondance

245
245
245

257

259

263

265
10000

272

PO OO

260

271

267 268
269 270
266

12.011
1.008
12.011
1.008
12.011
15.999
15.999
1.008

PNRWR SRS

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

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 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 1TUBQ.pdb into 2 separate pdb files:

e a file named 1UBQ_protein.pdb, only containing the protein atoms,

e 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 ITUBQ_protein.pdb file into a txyz file by using the . /pdbxyz.x
command seen below in the first part of this tutorial. A txyznamed 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 1UBQy.pdb le. Indeed, if you
try to convert it directly by the use of the 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 software to generate a pdb owning the crystal water
molecules with hydrogens. For that, open and load the 1UBQ@ry.pdb le. You
then go in the Tk console and type the following command:

[source CR\Lgeneration.th]

This smooth tcl script working with 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 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 J

/WaterTranslator

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

6. The last step consists of concatenating the both les, 1UB@rotein.xyz and CRY2.xyz

in one nal txyz le. To make that, we can use the module:

(&) 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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