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I ntroduction

GRAMM is a program for protein docking. To predicé structure of a complex, it
requires only the atomic coordinates of the twoeuoles (no information about the
binding sites is needed). The program performsxaawgstive 6-dimensional search
through the relative translations and rotationghefmolecules. The molecular pairs may
be: two proteins, a protein and a smaller compotwmaol transmembrane (TM) helices,
etc. GRAMM may be used for high-resolution molesyker inaccurate structures (where
only the gross structural features are known)ases of large conformational changes,
etc.

The Global Range Molecular Matching (GRAMM) methlmdyy is an empirical
approach to smoothing the intermolecular energgtfan by changing the range of the
atom-atom potentials. The technique allows to letla¢ area of the global minimum of
intermolecular energy for structures of differeotw@acy. The quality of the prediction
depends on the accuracy of the structures. Thegldbking of high-resolution structures
with small conformational changes yields an aceupagdiction, while the docking of
ultralow-resolution structures will give only theogs features of the complex.

The following text is not a manual, but rather arstechnical reference. For the
description of the algorithm, its implementatiorsadission of applicability, and all other
details, see the papers listed at the end of tgsment.

I am making GRAMM publicly available following a mber of requests from different
labs. | would like to make it clear, however, thath the methodology and the program,
at present, are in the process of active developarghvalidation, especially in the area



of the low-resolution docking, and have to be vidwke that. The program is free.
However, | would expect proper references. | wibaappreciate bug reports.

GRAMM has evolved during my stay in the Weizmanstilate (1991-1993),
Washington University (1993-1995), Rockefeller Usrsity (1995-1997), and, from
1997, at the Medical University of South Carolihdeeply appreciate the assistance of
my colleagues in all these institutions (especjdiyhraim Katchalski-Katzir, Garland
Marshall, and Andrej Sali).

How to work with GRAMM

Using GRAMM atHIGH RESOLUTION s pretty straightforward. You will get a list of
high-score (low-energy) ligand positions, which yoay take as is, or refine by other
techniques. Since GRAMM does not use a statissa@alpling, but rather performs an
exhaustive search, you will getall configurations of the complex with the high-score
steric fit (within the accuracy of the search stepg the molecules' representation). Even
if you have high-resolution structures, | wouldasenend, in addition, to run docking at
low resolution, to determine the potential areaghefglobal minimum.

Using GRAMM atLOW RESOLUTION. Prediction of complexes of ultralow-resolution
structures, with large conformational changesunss attractive? Please, be reasonable
and remember: there is no magic in the world (dofately). You can NOT get an
accurate complex of two largely inaccurate protéatdeast, presently). The docking
results at the lowest resolution (e.g., ~7A, fatpins, and ~4A, for helices) may give
you only the general PREFERENCES (often nonspédifithe complex formation (see
Refs.), rather than the 'real’ coordinates. Lalys & distribution of low-energy ligand
positions in the proximity of the binding site dktprotein. Or a 90° two-dimensional
sector where a TM helix is likely to make a comphgth any other helix (due to the low-
resolution preferences in helix packing, see Vaks@96a).

1. Docking
Filer par . gr (parameters)

Sets the parameters of the docking procedure. @he wf a parameter has to appear
after the equality sign.

mmode  Specifies the docking mode (generic or helixthie generic mode, GRAMM
tries all ligand's positions and orientations.Ha helix mode, to save the
computational time and to simplify the analysigtef results, GRAMM
automatically discards configurations with largspiicements along the helix
axes and angles between helices larger than iedidat ol . gr file (see
below). There are no other differences, so if yantto tryall interhelical
configurations, run GRAMM in the generic mode.



ro

fr

crang

ccti

crep

maxm

ai

Step of the grid (Katchalski-Katzit al., 1992; Vakser, 1995,1996b); also the
range of the atom-atom potential, in case of the/ grojection (Vakser,
1996a).

Repulsion part of the potential, in arbitrary sr(¥akser, 1996a).

Attraction double range, mostly as an option fighkresolution docking
(Katchalski-Katziret al., 1992; Vakser & Aflalo, 1994).

Projection of an atom, as a sphere with the vatdaals radius (for high
resolution docking) or the grid-step radius (favleesolution docking).

'ves-no' (blackwhite) or cumulative (gray) projent(Vakser, 1995b,1996b).
Switch to the hydrophobic docking (Vakser & Aflali994).
Number of matches to output.

Step for the systematic search through the rataticoordinates.

In the following examples, | give the suggestedigalfor the parameters. They still may

not be opt

imal, so you may try to experiment witar.

High-resolution generic docking

The high-resolution docking is designed for acaitamplex predictions, in case of
small structural inaccuracies.

Example 1. Geometric docking | (Vakser, 1996a).

Mat chi ng

Gid step
Repul si on
Attractio
Pot ent i al
Projectio
Repr esent
Nurber of
Angl e for

node (generic/helix) ....................... nmode= generic
............................................. eta= 1.7
(attraction is always -1) .................... ro= 30.

n doubl e range (fraction of single range) ..... fr= 0.
range type (atomradius, grid step) ....... crang= atomradi us

n (blackwhite, gray) ................ ....... ccti= gray

ation (all, hydrophobic) .................... crep= all
matches to output .......... ... ... ... .. ...... maxm= 1000
rotations, deg (10,12, 15,18,20,30, 0-no rot.) ai= 10

Example 2. Geometric docking Il (Katchalski-Katzit al., 1992).

Mat chi ng
Gid step
Repul si on

node (generic/helix) ....................... nmode= generic
............................................. eta= 1.7
(attraction is always -1) .................... ro= 10.



Attraction double range (fraction of single range) ..... fr=10.5

Potential range type (atomradius, grid_step) ....... crang= atomradi us
Projection (blackwhite, gray) ................ ....... ccti= bl ackwhite
Representation (all, hydrophobic) .................... crep= al

Nunmber of matches to output .......................... maxm= 1000

Angle for rotations, deg (10, 12,15, 18,20,30, 0-no rot.) ai= 10

Example 3. Hydrophobic docking (Vakser & Aflalo, 1994)

Mat chi ng node (generic/helix) ....................... nmode= generi c
Gid Step .. eta= 1.7

Repul sion (attraction is always -1) .................... ro=5
Attraction double range (fraction of single range) ..... fr=0

Potential range type (atomradius, grid_step) ....... crang= atomradi us
Projection (blackwhite, gray) ................ ....... ccti= blackwhite
Representation (all, hydrophobic) .................... crep= hydrophobic
Number of matches to output .......................... maxm= 1000

Angl e for rotations, deg (10,12, 15,18,20,30, 0-no rot.) ai= 10

High-resolution helix packing

Use Examples 1,2 wittmode= hel i x (ormmode= generi c if you don't want to
limit the search). For TM helices, the hydrophathcking (Example 3) doesn't make
sense, because of the hydrophobic environmenguathit may be applicable for helices
in soluble structures.

Low-resolution generic docking

The low-resolution docking is designed for the jedn of the gross features of a
complex, in the case of major structural inacc@scit may also be used, in the case of
accurate structures, to overcome the multimininodlem (Vakser, 1996a). The

following values are suggested for globular prateand their ligands (the ligand has to be
larger than ~50 atoms). For a detailed discussiea,Vakser, 1995b,1996a,1996b.

Example 4.

Mat chi ng node (generic/helix) ....................... nmode= generi c
Gid Step ..o eta= 6.8

Repul sion (attraction is always -1) .................... ro= 6.5
Attraction double range (fraction of single range) ..... fr=0
Potential range type (atomradius, grid_step) ....... crang= grid_step
Projection (blackwhite, gray) ................ ....... ccti= gray
Representation (all, hydrophobic) .................... crep= al

Nunber of matches to output .......................... maxm= 1000

Angl e for rotations, deg (10,12, 15,18,20,30, 0-no rot.) ai= 20



Low-resolution helix packing

The following values are suggested for inaccuratg. (modeled) TM helices. They may
be useful for the investigation of ultralow-resaut (often nonspecific) PREFERENCES
in helix packing (rather than 'real' coordinaté®ep in mind that the procedure is
sensitive to a digitization on a sparse grid. Thoisexample, the grid images of
polyalaninea-helices are not homogeneous, which results inan@odar distribution of

the low-energy predictions. However, STATISTICALLthe procedure reliably
distinguishes between the interface and the narfade areas of the helices. The subject
is briefly described in (Vakser, 1996a), althougtetailed paper is still in preparation.

Example5.

Mat chi ng node (generic/helix) ....................... nmode= hel i x
Gid Step ..o eta= 4.1

Repul sion (attraction is always -1) .................... ro= 11
Attraction double range (fraction of single range) ..... fr=0
Potential range type (atomradius, grid_step) ....... crang= grid_step
Projection (blackwhite, gray) ................ ....... ccti= gray
Representation (all, hydrophobic) .................... crep= al

Number of matches to output .......................... maxm= 1000

Angle for rotations, deg (10, 12,15,18,20,30, 0-no rot.) ai= 20

Filer nol . gr (molecules description)

Empty lines and lines which start with # are igmabrEhe first 2 lines in the example
below tell you how to organize your data. You mayut multiple molecular pairs (a line
per pair). The first molecule will be consideredraseptor’ and the second as 'ligand'.
The data has free format, with space separation.

Fi | enane File with molecule's coordinates (PDB format).
Fr agnent * - full molecule

X - chain id (case sensitive)
XXXX-XXXX - atom numbers (first-last)

I D String of characters (no spaces in-between) tatiiyeyour
molecules. These ID's will be used by GRAMM to naheoutput
file(s).

parallel / Helix mode only. Specifies the N term. - C ternnection in the

anti paral |l el helix pair.

max. angl e Helix mode only. Sets the limit for the angle diegrees) between
the main axes. If you make it larger than 180andiles will be tried,
regardless of the 'parallel/antiparallel’ parameter



Example 1. A and B subunits of hemoglobin; trypsin from tteanplex with BPTI and uncomplexed BPTI

# Filenanme Fragnent |ID Fil enane Fragnent |ID [paral /anti max. ang]

pdb2hhb. ent 1-1069 2hhba pdb2hhb. ent 1114-2256 2hhbb

pdb2pt c. ent E 2ptce pdb4pti . ent * 4pti

Example 2. Helices 2-3 and 3-4 of bacteriorhodopsin

# Filename Fragment |[ID Fil ename Fragnent |ID [paral /anti max. ang]
H m m m m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
pdblbrd. ent 281-478 1brd2 pdblbrd.ent 554-785 1brd3 anti par 50
pdblbrd. ent 554-785 1brd3 pdblbrd.ent 822-961 1brd4 anti par 50

Run GRAMM with the parametercan (gr amm scan). It creates | og file and. r es
(results) file. Do not modify ther es file - it has to be in the exact format for the
building of PDB structures of the predicted compkex

Comment 1There is certain asymmetry in the representaifdreceptor' and 'ligand’
molecules in GRAMM. The X-Y and Y-X docking will gt statistically similar
distributions of low-energy configurations, althbudpe absolute values of the energy
may be different.

Comment 2GRAMM determines the size of the grid (16, 3264y automatically, based
on the grid step, size of the molecules and thereadf the docking problem. The switch
to larger grids corresponds to a substantial ire@a CPU time (see Performance
section). To be aware which grid has been chosenthe output igr anm | og file.

2. PDB files of the predicted complexes
Filew i st. gr (list of results)

The general format is similar torl . gr . You may specify multiple lines (one line per a
results file). 'File_of predictions' is the outgresults) file of GRAMM. 'separate/joint’
tells GRAMM whether to build individual PDB fileeif each match or to join them in
one file (one receptor and multiple ligand coortisa recommended for better
visualization). If you have multiple results filard choose 'separate’, be aware of the
‘combinatorial explosion’ (e.g., 10 results fileach with 10 matches, will give you 100



PDB files). Read the REMARK section of the resuytfite(s) for the chain assignment.
"+init_lig' sets an option to include the initidlefore docking) coordinates of the ligand
into the resulting PDB file (used basically for thhethod validation purposes, in case of
known configurations of the complex).

Example. Joint file of predictions 1-10, with the X-ray ptish of the ligand (helices 2-3 of
bacteriorhodopsin); separate files of predictioss @ithout the X-ray position of the ligand (A aBd
subunits of hemoglobin)

# File_of predictions First_match Last _match separate/joint +init_lig

lbrd2-1brd3.res 1 10 j oi nt yes

2hhba- 2hhbb. res 3 7 separ no
Run GRAMM with the parameteroor d (gr anm coor d).

Comment Starting with match 11, ligands will be identdigith two-character chain 1D
(match 10 will be chain 0 to maximize the numbeowé-character ID's). This may cause
problems for programs (e.g., graphical) which wekd this file.

3. Docking AND building coor dinate files of the predicted complexes

You may join both operations in one rigr @mm scan coor d). Make sure that proper
results files are set il i st. gr (filenames are made of ID stringsrinol . gr).

Platforms

Presently, GRAMM is compiled on SGI R4000, SGI R348GI R8000, SGI R10000,
Sun SPARC, IBM RS6000, and DECAIpha Unix workstasioas well as on a PC
platform under Windows95. In the near future | weipand this list, so check the
GRAMM site for the updates.

Performance

The CPU time depends on the grid step (in the was® GRAMM automatically
switches between 16, 32 and 64 grids), angle iateand matching mode (generic or
helix). It may range from ~10 sec on 195 MHZ 10@&I for the low-resolution docking
of a helix pair, in the 'helix' docking mode, witte angle interval of 20°, to several days,
in the case of high-resolution docking of globyasteins, with a small angle.



Basic papers on GRAMM methodology

E. Katchalski-Katzir, . Shariv, M. Eisenstein, A. Friesem, C. Aflalo, I. A. Vakser,
1992, Molecular surface recognition: Determinaidigeometric fit between
proteins and their ligands by correlation teche&&roc. Natl. Acad. Sci. USA, 89,

2195-2199Basic algorithm of protein recognition by corredatitechnique with Fast Fourier
transform. High-resolution ‘geometric’ docking.

I. A. Vakser, C. Aflalo, 1994, Hydrophobic docking:proposed enhancement to

molecular recognition techniqud,oteins, 20, 320-329 High-resolution 'hydrophobic'
docking.

I. A. Vakser, G. V. Nikiforovich, 1995a, Proteinaang in the absence of detailed
molecular structures, ilethodsin Protein Sructure Analysis (M. Z. Atassi & E.
Appella, eds.), Plenum Press, New York, pp. 505-51

I. A. Vakser, 1995b, Protein docking for low-redadn structuresProtein Eng., 8,
371- 377 :Low-resolution' protein docking.

I. A. Vakser, 1996a, Long-distance potentials: gpr@ach to the multiple-minima

problem in ligand-receptor interactid®rotein Eng., 9, 37-41.Interpretation of the low-
resolution docking in terms of energy potentials.

I. A. Vakser, 1996b, Low-resolution docking: Preuin of complexes for

underdetermined structuré@ppolymers, 39, 455-464 validation of the low-resolution
docking.

I. A. Vakser, 1996¢, Main-chain complementaritypnotein-protein recognition,
Protein Eng., 9, 741-744 Docking of C structures.



