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1 PerlMol

Perl modules for molecular chemistry

SYNOPSIS

# This is a bundle containing all of the modules
# of the PerlMol Project and their dependencies.
# This is not a real module; it is the main index
# to the documentation of the PerlMol modules.

DESCRIPTION

PerlMol is a collection of Perl modules for chemoinformatmnd computational chem-
istry with the philosophy that "simple things should be siefip It should be possible
to write one-liners that use this toolkit to do meaningfuldlecular munging”. The
PerlMol toolkit provides objects and methods for represgnimolecules, atoms, and
bonds in Perl; doing substructure matching; and readingveanitthg files in various
formats.

DOCUMENTATION

What follows is an index of the relevant documentation.

Tutorial

Chemistry:: Tutorial - A good place to start reading the documentation.

Object oriented modules

The following modules are indented according to the classnchy:
Chemistry:: Obj

Chemistry::Mol
Chemistry:: Pattern
Chemistry:: FormulaPattern
Chemistry::MidasPattern
Chemistry::Domain
Chemistry::MacroMol
Chemistry::Ring
Chemistry:: Atom
Chemistry:: Pattern:: Atom
Chemistry::Bond
Chemistry:: Pattern::Bond



Chemistry::File
Chemistry::File::Formula
Chemigtry::File:: FormulaPattern
Chemistry::File::MDLMol
Chemigtry::File::MidasPattern
Chemistry::File::Mopac
Chemistry::File::PDB
Chemistry::File:: SDF
Chemistry::File::SLN
Chemigtry::File:: SMARTS
Chemistry::File::SMILES
Chemistry::File:: VRML
Chemistry::File:: XYZ

Chemistry::InternalCoords

Chemistry::Mok

Procedural modules

These are auxiliary modules for which object classes seeawexdill
Chemistry::3DBuilder

Chemistry::Bond::Find

Chemistry::Internal Coords:: Builder

Chemistry::Ring::Find

Chemistry::Canonicalize

Programs (scripts)

mok - an AWK for molecules

PerlMol bundle description and contents

PerIMol - This document



Publications

* Tubert-Brohman, |. Perl and Chemistry. The Perl Journ@4206 (subscription
required)

* Cozens, S. Molecular Biology With Perl. The Perl Journad£208[8], 15-19
(http://www.tpj.com/documents/s=7618/tpj0408/; requires subscription)

* F. Rosselld, G. Valiente. Chemical Graphs, Chemical ReadBraphs, and
Chemical Graph Transformation. 2nd Int. Workshop on GrBplsed Tools,
Electronic Notes in Computer Science 2005, 127, 157-1@&t(@act:http://www.Isi.upc.es/%7Evaliente/abs-
grabats-2004.html; preprint full text: http://tfs.cs.tu-berlin.de/grabats/Final04/valiente.pdf;
published versionhttp://dx.doi.org/10.1016/j.entcs.2004.12.033).

» Rossello, F.; Valiente, G. Graph Transformation in Molec®iology. (Full text:
http://bioinfo.uib.es/” cesc/recerca/he-paper.pdf).

EXAMPLES

The "examples" directory in the PerlMol distribution fileshaeveral sample scripts
with lots of comments and a few input and output files that show one can use Perl-
Mol forcommon tasks. They can also be browsed onlirgtpt/www.perlmol.org/examples/.
Some of the examples are:

combinatorial_enumeration
file_conversion

molgrep

pdb_viewer
peptide_builder
polar_surface_area

*
*
*
*
*
*

VERSION INFORMATION

This is the PerlMol bundled release version 0.3500. It idekithe following distribu-
tions:

Chemistry-3DBuilder 0.10
Chemistry-Bond-Find 0.21
Chemistry-Canonicalize 0.10
Chemistry-File-MDLMol 0.20
Chemistry-File-Mopac 0.15
Chemistry-File-PDB 0.21
Chemistry-File-SLN 0.10
Chemistry-File-SMARTS 0.22
Chemistry-File-SMILES 0.44
Chemistry-File-VRML 0.10
Chemistry-File-XYZ 0.11
Chemistry-FormulaPattern 0.10



Chemistry-InternalCoords
Chemistry-Isotope
Chemistry-MacroMol
Chemistry-MidasPattern
Chemistry-Mok
Chemistry-Mol
Chemistry-Pattern
Chemistry-Reaction
Chemistry-Ring
Math-VectorReal
Parse-Yapp
Statistics-Regression

0.18
0.11
0.06
0.11
0.25
0.35
0.26
0.02
0.18
1.02
1.05
0.15

The version number of a PerlMol bundle is always the sameasgdrsion num-
ber of the included Chemistry-Mol distribution, plus twotexdigits that distinguish
between different bundles based on the same Chemistry-lgtoiaition.

SEE ALSO

The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman All rights reservethis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.



2 Chemistry::Tutorial

PerlMol Quick Tutorial

Introduction

The modules in the PerlMol toolkit are designed to simplifg handling of molecules
from Perl programsin a general and extensible way. Theseifesdre object-oriented;
however, this tries to assume little or no knowledge of ob@@Ented programming
in Perl. For a general introduction about how to use obje&rded modules, see
HTML.:: Tree:: AboutObjects.

This document shows some of the more common methods incindkd PerlMol
toolkit, in a reasonable order for a quick introduction. Ruore details see the perldoc
pages for each module.

How to read a molecule from a file
The following code will read a PDB file:

use Chemistry::Mol;
use Chemistry::File::PDB;
my $mol = Chemistry::Mol->read("test.pdb");

The first two lines (which only need to be used once in a giveg@am) tell Perl
that you want tause the specified modules The third line reads the file and retarns
molecule object.

To read other formats such as MDL molfiles, you needs® the corresponding
module, such a€hemistry::File::MDLMol. Readers for several formats are under
development.

The molecule object

Chemistry::Mol-  >read returns aChemistry::Mol object. Anobject is a data struc-
ture of a giverclass that hasmethods (i.e. subroutines) associated with it. To access
or modify an object’s properties, you call the methods ondhfct through "arrow
syntax":

my $name = $mol->name; # return the name of the molecule
$mol->name("water"); ~ # set the name of the molecule to "wate r

n

Note that these so-called accessor methods return the a@lebject when they
are used to set a property. A consequence of that if you wamntcgn “"chain” several
methods to set several options in one line:

$mol->name("water")->type("wet");

A Chemistry::Mol object contains essentially a list of atoms, a list of boradisl a
few generic properties such as name, type, and id. The atothbends themselves
are also objects.



Writing a molecule file
To write a molecule to afile, just use tivdte method:
$mol->write("test.pdb");

Make sure yowse d the right file 1/O module. If you want to load all the availabl
file /0O modules, you can do it with

use Chemistry::File "auto’;

Selecting atoms in a molecule

You can get an array of all the atoms by calling the atoms neettithout parameters,
or a specific atom by giving its index:

@all_atoms = $mol->atoms;
$atom3 = $mol->atoms(3);

Note: Atom and bond indices are counted from 1, not from 0. Thidatewn from
common Perl usage was made to be consistent with the way a@msumbered in
most common file formats.

You can select atoms that match an arbitrary expression ing Werl’s built-in
grep function:

# get all oxygen atoms within 3.0 Angstroms of atom 37
@close_oxygens = grep {

$ ->symbol eq 'O’

and $_->distance($mol->atoms(37)) < 3.0
} $mol->atoms;

Thegrep function loops through all the atoms returneddmol- >atoms, aliasing
each to $_ at each iteration, and returns only those for wifietexpression in braces
is true.

Using grep is a general way of finding atoms; however, since finding atbsns
name is common, a convenience method is available for thabge.

$HB1 = $mol->atoms_by_name('HB1');
@H_atoms = $mol->atoms_by_name('H.*); # name treated as a regex

Since the atom name is not generally unique, even the firshpkaabove might
match more than one atom. In that case, only the first one fineturned. In the
second case, since you are assigning to an array, all mgtatoms are returned.

The atom object

Atoms are usually the most interesting objects in a moleci8eme of their main
properties are Z, symbol, and coords.

$atom->Z(8); # set atomic number to 8
$symbol = $atom->symbol;
$coords = $atom->coords;



Atom coordinates

The coordinates returned Bgtom- >coords are aMath::VectorReal object. You can
print these objects and use them to do vector algebra:

$cl = $atom1->coords;

$c2 = $atom2->coords;

$dot_product = $cl . $c2; # returns a scalar
$cross_product = $cl x $c2; # returns a vector

$delta = $c2 - $cl; # returns a vector
$distance = $delta->length; # returns a scalar

($x, By, $2) = $cl->array; # get the components of $cl
print $cl; # prints something like "[ 1.0EO 2.0E0 3.0EQ ]'

Since one is very often interested in calculating the distaretween atoms, Atom
objects provide distance  method to save some typing:

$d = $atoml->distance($atom2);
$d2 = $atoml->distance($molecule2);

In the second case, the value obtained is the minimum distaetwveen the atom
and the molecule. This can be useful for things such as finttiegvater molecules
closest to a given atom.

Atoms may also have internal coordinates, which define trsitipa of an atom
relative to the positions of other atoms by means of a digtaac angle, and a dihe-
dral angle. Those coordinates can be accessed through tin@-$anternal_coords
method, which useShemistry::Internal Coords objects.

The Bond object

A Chemistry::Bond object is a list of atoms with an associated bond order. Intmos
cases, a bond has exactly two atoms, but we don’t want to @xglassibilities such as
three-center bonds. You can get the list of atoms in a bonagimguheatoms method;
the bond order is accessed troughdrger method;

@atoms_in_bond = $hond->atoms;
$bond_order = $bond->order;

The other interesting method for Bond objectieigth , which returns the distance
between the two atoms in a bond (this method requires thdidhd have two atoms).

my $bondlength = $bond->length;

In addition to these properties, Bond objects have the gepavperties described
below. The most important of these, as far as bonds are coedgistype .



Generic properties

There are three generic properties that all PerIMol objeate:
id
Each object must have a unique ID. In most cases you don’tteaverry about

it, because it is assigned automatically unless you spécifyou can use the
by id method to select an object contained in a molecule:

$atom = $mol->by id("a42");

In general, ids are preferable to indices because they dhatige if you delete
or move atoms or other objects.

name

The name of the object does not have any meaning from the piingw of the
core modules, but most file types have the concept of molewartee, and some
(such as PDB) have the concept of atom names.

type
Again, the meaning of type is not universally defined, butatnd likely be used
to specify atom types and bond orders.

Besides these, the user can specify arbitrary attributesliscussed in the next
section.

User-specified attributes

The core PerlMol classes define very few, very generic ptagsfior atoms and molecules.
This was chosen as a "minimum common denominator" becawesg fe format and
program has different ideas about the names, values andimgeafithese properties.
For example, some programs only allow bond orders of 1, 2,3rsbme also have
"aromatic" bonds; some use calculated non-integer bonérsrdPerlMol tries not to
commit to any particular convention, but it allows you to sifjfewhatever attributes
you want for any object (be it a molecule, an atom, or a bondtjs & done through
theattr method.

$mol->attr("melting point", "273.15"); # set m.p.
$color = $atom->attr(“color"); # get atom color

The core modules store these values but they don’t know \llegtrhean and they
don’t care about them. Attributes can have whatever nameng, and they can be
of any type. However, by convention, non-core modules teatiradditional attributes
should prefix their name with mamespace, followed by a slash. (This is done to avoid
modules fighting over the same attribute name.) For exanapdens created by the
PDB reader module (Chemistry::File::PDB) have the "pdiithee" attribute.

$mol = Chemistry::Mol->read("test.pdb");
$atom = $mol->atoms(1234);
print $atom->attr("pdb/residue_name"); # prints "ALA123 "

10



Molecule subclasses

You can do lots of interesting thing with plain molecules.wéwer, for some applica-
tions you may want to extend the features of the main Cheyristol class. There are
several subclasses of Chemistry::Mol available already:

Chemistry::MacroMol
Used for macromolecules.

Chemistry:: Pattern
Used for substructure matching.

Chemistry::Ring

Used for representing rings (cycles) in molecules.
Chemistry::Reaction

Used for representing and applying chemical transformatio

As an example we’ll discuss macromolecules. Future vessidithis tutorial may
also include a discussion about patterns and rings.

Macromolecules

So far we have assumed that we are dealing with moleculeseaCtibmistry::Mol
class. However, one of the interesting things about oljeéetated programming is
that classes can be extended. For dealing with macromelgcwk have the Macro-
Mol class, which extends théhemistry::Mol class. This means that in practice you
can use &hemistry::MacroMol object exactly as you would useGhemistry:: Mol
object, but with some added functionality. In fact, the P@Rder can retur@hem-
istry::MacroMol instead ofChemistry::Mol objects just by changing the first example
like this:

use Chemistry::MacroMol;
use Chemistry::File::PDB;
my $macromol = Chemistry::MacroMol->read("test.pdb");

Now the question is, what is the "added functionality” thatdvbMol objects have
on top of the original Chemistry::Mol object?

The MacroMol object

For the purposes of this module, a macromolecule is considter be a big molecule
where atoms are divided iDomains. A domain is just a subset of the atoms in the
molecule; in a protein, a domain would be just a residue.

You can select domains in a molecule in a way similar to thatlder atoms and
bonds, in this case through tdemains method:

my @all_domains = $macromol->domains;
my $domain = $macromol->domains(57);

11



The Domain object

A domain is a substructure of a larger molecule. Other thatmigea parent molecule,
a domain is just like a molecule. In other words, the Domaasslextends the Chem-
istry::Mol class; it is basically a collection of atoms anzhiols.

my @atoms_in_domain = $domain->atoms;
my $atom5_in_domain = $domain->atoms(5);

If you want to get at a given atom in a given domain in a macretwle, you
can "chain" the method calls without having to save the Domaiject in a temporary
variable:

my $domain57_atom5 = $macromol->domains(57)->atoms(5);
my $res233_HA = $macromol->domains(233)->atoms_by_name (HAY;

The second example is a good way of selecting an atom from affddBhen you
know the residue number and atom name.

VERSION
0.36

SEE ALSO

Chemistry::Mol, Chemistry:: Atom, Chemistry::Bond, Chemistry::File, Chemistry::MacroMol,
Chemistry::Domain.
The PerlMol websitdttp://www.perlimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resadveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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3 Chemistry::Obj

Abstract chemistry object

SYNOPSIS

package MyObj;
use base "Chemistry::Obj";
Chemistry::Obj::accessor('color’, ‘flavor’);

package main;

my $obj = MyObj->new(name => 'bob’, color => 'red’);
$obj->attr(size => 42);

$obj->color(’blue);

my $color = $obj->color;

my $size = $obj->attr('size’);

DESCRIPTION

This module implements some generic methods that are useddogistry:: Mol, Chem-
istry:: Atom, Chemistry::Bond, Chemistry::File, etc.

Common Attributes

There are some common attributes that may be found in masgchibnds, and atoms,
such as id, name, and type. They are all accessed throughethods of the same
name. For example, to getthe id, cidbj- >id ; to settheid, cabobj- >id('new_id’)
id
Objects should have a unique ID. The user has the respatystbil uniqueness
if he assigns ids; otherwise a unique ID is assigned seclignti
name
An arbitrary name for an object. The name doesn’t need to mpen

type
The interpretation of this attribute is not specified hers,its typically used for
bond orders and atom types.

attr

A space where the user can store any kind of information atheubbject. The
accessor method for attr expects the attribute name as theéirameter, and
(optionally) the new value as the second parameter. It camtake a hash or
hashref with several attributes. Examples:

13



$color = $obj->attr('color’);
$obj->attr(color => 'red’);
$obj->attr(color => 'red’, flavor => ’cherry’);
$obj->attr({color => 'red’, flavor => ’cherry?);

OTHER METHODS

$obj->del_attr($attr_name)

Delete an attribute.

$class=>new(name => value, name = value...)

Generic object constructor. It will automatically call édmame” method with
the parameter "value". For example,

$bob = Chemistry::Obj->new(name => ’bob’, attr => {size => 4 2D;
is equivalent to
$hob = Chemistry::Obj->new;

$hob->name(’bob’);
$hob->attr({size => 42});

OPERATOR OVERLOADING

Chemistry::Obj overloads a couple of operators for corsece.

cmp

The stringification operator. Stringify an object as its iHor example, If an
object $obj has the id "al’, print "$obj" will print 'al’ insed of something like
"Chemistry::Obj=HASH(0x810bbdc)’. If you really want teegthe latter, you
can calloverload::StrVal($obj) . Seeoverload for details.

Compare objects by ID. This automatically overloads ne, It , le , gt, and
ge as well. For examplehobjl eq $obj2 returns true if both objects have the
same id, even if they are different objects with differentmnoey addresses. In
contrast$objl == $obj2  will return true only if$obj1 and3$obj2 pointto the
same object, with the same memory address.

VERSION

0.37

SEE ALSO

Chemistry:: Atom, Chemistry::Bond, Chemistry:: Mol
The PerlMol websitéttp://www.perimol.org/
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AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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4 Chemistry::Mol

Molecule object toolkit

SYNOPSIS

use Chemistry::Mol;

$mol = Chemistry::Mol->new(id => "mol_id", name => "my mole cule");
$¢ = $mol->new_atom(symbol => "C", coords => [0,0,0]);

$0 = $mol->new_atom(symbol => "O", coords => [0,0,1.23]);
$mol->new_bond(atoms => [$c, $o], order => 3);

print $mol->print;

DESCRIPTION

This package, along with Chemistry::Atom and Chemistrgn8, includes basic ob-
jects and methods to describe molecules.

The core methods try not to enforce a particular convenfidnis means that only a
minimal set of attributes is provided by default, and sontetaites have very loosely
defined meaning. This is because each program and file typ#iffexent idea of what
each concept (such as bond and atom type) means. Bonds aeddagia list of atoms
(typically two) with an arbitrary type. Atoms are defined bsyanbol and a Z, and may
have 3D and internal coordinates (2D coming soon).

METHODS

See alsaChemistry:: Obj for generic attributes.

Chemistry::Mol- >new(name => value, ...)
Create a new Mol object with the specified attributes.

$mol = Chemistry::Mol->new(id => 'm123’, name => 'my mol’)
is the same as

Chemistry::Mol->new()

$mol->id('m123’)

$mol->name('my mol’)

$mol->add_atom($atom, ...)
Add one or more Atom objects to the molecule. Returns theglamsh added.

16



$mol->atom_class
Returns the atom class that a molecule or molecule classexfreuse by de-
fault. Chemistry::Mol objects return "Chemistry::Atom", but subclasses will
likely override this method.

$mol->new_atom(name = value, ...)
Shorthand fomol- >add_atom($mol- >atom_class- >new(name => value,
)

$mol->delete_atom($atom, ...)

Deletes an atom from the molecule. It automatically deleleshe bonds in

which the atom participates as well. $atom should be a Chigmistom refer-

ence. This method also accepts the atom index, but this wepigcated (and

buggy if multiple indices are given, unless they are in dedagg order).
$mol->add_bond($bond, ...)

Add one or more Bond objects to the molecule. Returns théotastl added.

$mol->bond_class
Returns the bond class that a molecule or molecule classexfreuse by de-
fault. Chemistry::Mol objects return "Chemistry::Bond", but subclasses will
likely override this method.

$mol->new_bond(name = value, ...)
Shorthand fomol- >add_bond($mol- >bond_class- >new(name => value,
)

$mol->delete_bond($bond, ...)
Deletes a bond from the molecule. $bond should Bbemistry::Bond object.

$mol->by_id($id)
Return the atom or bond object with the corresponding id.

$mol->atoms($ni, ...)
Returns the atoms with the given indices, or all by defautidides start from
one, not from zero.

$mol->atoms_by name($name)
Returns the atoms with the given name (treated as an anchegathr expres-
sion).

$mol->sort_atoms($sub_ref)

Sort the atoms in the molecule by using the comparison fangfiven in $sub_ ref.
This function should take two atoms as parameters and retufh or 1 depend-
ing on whether the first atom should go before, same, or ditesécond atom.
For example, to sort by atomic number, you could use theviafg:

17



$mol->sort_atoms( sub { $_[0]->Z <=> § [1]>Z } ),

Note that the atoms are passed as parameters and not askhg@uariables $a
and $b like the core sort function does. This is because $asolt will likely be
called from another package and we don’t want to play withtla@opackage’s
symbol table.

$mol->bonds($ni, ...)

Returns the bonds with the given indices, or all by defauldides start from
one, not from zero.

$mol->print(option = > value...)

Convert the molecule to a string representation. If no oystiare given, a default
YAML-like format is used (this may change in the future). etwise, the format
should be specified by using tfe@mat option.

$s = $mol=>sprintf($format)

Format interesting molecular information in a concise way,specified by a
printf-like format.

%n - name

%f - formula

%f{formula with format} - (note: right braces within
the format should be escaped with a backslash)

%s - SMILES representation

%S - canonical SMILES representation

%m - mass

%8.3m - mass, formatted as %8.3f with core sprintf

%q - formal charge

%a - atom count

%Db - bond count

%t - type
%i - id
%% - %

For example, if you want just about everything:

$mol->sprintf("%s - %n (%f). %a atoms, %b bonds; "
. "mass=%m; charge =%q; type=%t; id=%");

Note that you have tase Chemistry::File::SMILES before using/s or %S
on$mol- >sprintf

$mol->printf($format)

Same a$mol- >sprintf , but prints to standard output automatically. Used for
quick and dirty molecular information dumping.

18



Chemistry::Mol- >parse($string, option => value...)

Parse the molecule encoded$istring . The format should be specified with
the theformat option; otherwise, it will be guessed.

Chemistry::Mol- >read($fname, option => value ...)

Read a file and return a list of Mol objects, or croaks if thees\a problem. The
type of file will be guessed if not specified via themat option.

Note that only registered file readers will be used. Readenslme registered us-
ing register_format() ; modules that include readers (suctChemistry::File:: PDB)
usually register them automatically when they are loaded.

Automatic decompression of gzipped files is supported if Goenpress:: Zlib
module is installed. Files ending in .gz are assumed to beoessed; otherwise
it is possible to force decompression by passing the gzipl=option (or no
decompression with gzip>=0).

$mol->write($fname, option => value ...)

Write a molecule file, or croak if there was a problem. The tgpéle will be
guessed if not specified via tif@mat option.

Note that only registered file formats will be used.

Automatic gzip compression is supported if the 10::Zlib mtalis installed.
Files ending in .gz are assumed to be compressed; othemis@assible to
force compression by passing the gzip £ option (or no compression with gzip
=> 0). Specific compression levels between 2 (fastest) and St(compressed)
may also be used (e.g., gzip-9).

Chemistry::Mol- >file($file, option => value ...)

Create aChemistry::File-derived object for reading or writing to a file. The
object can then be used to read the molecules or other infaxmia the file.

This has more flexibility than callin@hemistry:Mol-  >read when dealing

with multi-molecule files or files that have higher structorghat have informa-

tion that does not belong to the molecules themselves. Fample, a reaction
file may have a list of molecules, but also general infornralike the reaction

name, yield, etc. as well as the classification of the mokak reactants or
products. The exact information that is available will deg®n the file reader
class that is being used. The following is a hypotheticahgxe for reading

MDL rxnfiles.

# assuming this module existed...
use Chemistry::File::Rxn;

my $rxn = Chemistry::Mol->file('test.rxn’);
$rxn->read;

$name = $rxn->name;

@reactants = $rxn->reactants; # mol objects
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@products = $rxn->products;
$yield = $rxn->yield; # a number

Note that only registered file readers will be used. Readenslme registered us-
ing register_format(); modules thatinclude readers (siscBhemistry::File::PDB)
usually register them automatically.

Chemistry::Mol- >register_format($name, $ref)

Register a file type. The identifier $name must be unique. ®refither a
class name (a package) or an object that complies withCtenistry::File

interface (e.g., a subclass of Chemistry::File). If $rebiwitted, the calling
package is used automatically. More than one format can tieteged at a
time, but then $ref must be included for each format (e.g.er@itry::Mol-

>register_format(formatl = "packagel”, format2 = package2).

The typical user doesn’t have to care about this functiois. used automatically
by molecule file I/O modules.

Chemistry::Mol- >formats
Returns a list of the file formats that have been installeddgyster _format()

$mol->mass
Return the molar mass. This is just the sum of the masses dtthmes. See
Chemistry:: Atom::mass for details such as the handling of isotopes.

$mol->charge
Return the charge of the molecule. By default it returns tma sf the formal
charges of the atoms. However, it is possible to set an argitharge by calling
$mol- >charge($new_charge)

$mol->formula_hash
Returns a hash reference describing the molecular fornralamethane it would
return{C=1,H=>4}

$mol->formula($format)
Returns a string with the formula. The format can be specHiga printf-like
string with the control sequences specified in@nemistry:: File:: Formula doc-
umentation.

my $mol2 = $mol-=>clone;
Makes a copy of a molecule. Note that this ideepcopy; if your molecule has
a pointer to the rest of the universe, the entire universebgicloned!

my $mol2 = $mol->safe_clone;

Like clone, it makes a deep copy of a molecule. The differémt®at the copy is
not "exact" in that new molecule and its atoms and bonds g&gr@ed new IDs.
This makes it safe to combine cloned molecules. For exartipteis an error:
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# XXX don't try this at homel!
my $mol2 = Chemistry::Mol->combine($moll, $moll);
# the atoms in $moll will clash

But this is ok:

# the "safe clone" of $moll will have new IDs
my $mol2 = Chemistry::Mol->combine($moll, $moll->safe c lone);

($distance, $atom_here, $atom_there) = $makdistance($obj)

Returns the minimum distance to $obj, which can be an atonglacule, or a

vector. In scalar context it returns only the distance;shdiontext it also returns
the atoms involved. The current implementation for caltotathe minimum

distance between two molecules compares every possibl@fpaioms, so it's

not efficient for large molecules.

my $bigmol = Chemistry::Mol- >combine($moll, $mol2, ...)

$moll->combine($mol2, $mol3, ...)

Combines several molecules in one bigger molecule. If daltea class method,
as in the first example, it returns a new combined moleculbowit altering any
of the parameters. If called as an instance method, as irettend example, all
molecules are combined into $moll (but $mol2, $mol3, . e)reot alteredNote:
Make sure you don’t combine molecules which contain atontis eiplicate IDs
(for example, if they were cloned).

my @mols = $mol=>separate

Separates a molecule into "connected fragments"”. Thenaligibject is not

modified; the fragments are clones of the original ones. Eptamif you have

ethane (H3CCH3) and you delete the C-C bond, you have two Gdigals

within one molecule object ($mol). When you call $meseparate you get two
molecules, each one with a CH3.

$mol->sprout_hydrogens
Convert all the implicit hydrogen atoms in the molecule tpleit atoms. It does
not generate coordinates for the atoms.

$mol->collapse_hydrogens
Convert all the explicit hydrogen atoms in the molecule t@ligit hydrogens.
(Exception: hydrogen atoms that are adjacent to a hydroggan are not col-
lapsed.)

$mol->add_implicit_hydrogens

Use heuristics to figure out how many implicit hydrogens dti@ach atom in
the molecule have to satisfy its normal "organic” valence.

21



Chemistry::Mol- >register_descriptor($name => $sub_ref)

Adds a callback that can be used to add functionality to thizoute class (orig-
inally meant to add custom molecule descriptors.) A desarig a function that
takes a molecule object as its only argument and returnsiee \aalvalues. For
example, to add a descriptor function that computes the enafatoms:

Chemistry::Mol->register_descriptor(
number_of _atoms => sub {
my $mol = shift;

return scalar $mol->atoms;

);
The descriptor is accessed by name viadéseriptor  instance method:
my $n = $mol->descriptor('number_of _atoms’);

my $value = $mol=>descriptor($descriptor_name)

Calls a previously registered descriptor function giving§rinol as an argument,
as shown above faegister_descriptor

VERSION
0.37

SEE ALSO

Chemistry:: Atom, Chemistry::Bond, Chemistry::File, Chemistry:: Tutorial
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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5 Chemistry::Pattern

Chemical substructure pattern matching

SYNOPSIS

use Chemistry::Pattern;
use Chemistry::Mol;
use Chemistry::File::SMILES;

# Create a pattern and a molecule from SMILES strings

my $mol_str = "C1CCCC1C(Cl)=0";

my $patt_str = "C(=O)CI";

my $mol = Chemistry::Mol->parse($mol_str, format => "smil es’);

my S$patt = Chemistry::Pattern->parse($patt_str, format = > 'smiles’);

# try to match the pattern
while ($patt->match($mol)) {
@matched_atoms = $patt->atom_map;
print "Matched: (@matched_atoms)\n”;
# should print something like "Matched: (a6 a8 a7)"

DESCRIPTION

This module implements basic pattern matching for moleculée Chemistry::Pattern
class is a subclass of Chemistry::Mol, so patterns havéalptoperties of molecules
and can come from reading the same file formats. Of course tmercertain formats
(such as SMARTS) that are exclusively used to describernpatte

To perform a pattern matching operation on a molecule, fotlrese steps.

1) Create a pattern object, either by parsing a file or strorgyy adding atoms
and bonds by hand by using Chemistry::Mol methods. Note dhahs and bonds
in a pattern should be Chemistry::Pattern::Atom and ChieyniRatern::Bond objects.
Let’s assume that the pattern object is stored in $patt amidlile molecule is $mol.

2) Execute the pattern on the molecule by calling $pattatch($mol).

3) If $patt->match() returns true, extract the "map" that relates théeepato the
molecule by calling $patt-atom_map or $patt-bond_map. These methods return a
list of the atoms or bonds in the molecule that are matchetidgdrresponding atoms
in the pattern. Thus $pattatom_map(1) would be analogous to the $1 special variable
used for regular expresion matching. The difference betm@eemistry::Pattern and
Perl regular expressions is that atoms and bonds are alvagysred.

4) If more than one match for the molecule is desired, repean fstep (2) until
match() returns false.
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METHODS

Chemistry::Pattern- >new(name => value, ...)

Create a new empty pattern. This is just like the Chemiditgt:constructor,
with one additional option: "options", which expects a hesference (the op-
tions themselves are described under the options() method)

$pattern->options(option => value,...)
Available options:

overlap
If true, matches may overlap. For example, the CC patterfdomatch
twice on propane if this option is true, but only once if it @de. This
option is true by default.

permute
Sometimes there is more than one way of matching the samé sattern
atoms on the same set of molecule atoms. If true, return thedandant”
matches. For example, the CC pattern could match ethandwathiffer-
ent permutations (forwards and backwards). This optioalsefby default.

$patt->reset

Reset the state of the pattern matching object, so that inbelile next match
from scratch instead of where it left off after the last one.

$pattern->atom_map
Returns the list of atoms that matched the last time $pattenmatch was called.

$pattern->bond_map
Returns the list of bonds that matched the last time $pattematch was called.

$pattern->match($mol, %options)
Returns true if the pattern matches the molecule. If calggirafor the same
molecule, continues matching where it left off (in a way $anto global regular
expressions under scalar context). When there are no nslefereturns false.
To force the match to always start from scratch instead ofisaimg where it
left off, thereset option may be used.

$pattern->match($mol, atom => $atom)

If atom => $atom is given as an option, match will only look for matcheestt
start at $atom (which should be an atom in $mol, of course)s iBhsomewhat
analog to anchored regular expressions.

To find out which atoms and bonds matched, use the atom_malpcsnad map
methods.
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VERSION
0.27

SEE ALSO

Chemistry: : Pattern:: Atom, Chemistry:: Pattern:: Bond, Chemistry::Mol, Chemistry::File,
Chemistry::File:: SMARTS.
The PerlMol websitdttp://www.perlimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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6 Chemistry::FormulaPattern

Match molecule by formula

SYNOPSIS

use Chemistry::FormulaPattern;

# somehow get a bunch of molecules...
use Chemistry::File::SDF;
my @mols = Chemistry::Mol->read("file.sdf");

# we want molecules with six carbons and 8 or more hydrogens
my $patt = Chemistry::FormulaPattern->new("C6H8-");

for my $mol (@mols) {
if ($patt->match($mol)) {
print $mol->name, " has a nice formulal\n";
}
}

# a concise way of selecting molecules with grep
my @matches = grep { $patt->match($mol) } @moals;

DESCRIPTION

This module implements a simple language for describingngeaf molecular formu-
las and allows one to find out whether a molecule matches thaua specification. It
can be used for searching for molecules by formula, in a wanlai to the NIST Web-
Book formula searchhftp://webbook.nist.gov/chemistry/form-ser.html). Note however
that the language used by this module is different from treeused by the WebBook!

Chemistry::FormulaPattern shares the same interfadghasistry::Pattern. To
perform a pattern matching operation on a molecule, follogse steps.

1) Create a pattern object, by parsing a string. Let's asghatethe pattern object
is stored in $patt and that the molecule is $mol.

2) Execute the pattern on the molecule by calling $pattatch($mol).

If $patt->match returns true, there was a match. If $pattatch is called two con-
secutive times with the same molecule, it returns falsen thee (if there is a match),
then false, etc. This is because the Chemistry::Patteemfate is designed to allow
multiple matches for a given molecule, and then return&fadsen there are no further
matches; in the case of a formula pattern, there is only ossiple match.

$patt->match($mol); # may return true
$patt->match($mol); # always false
$patt->match($mol); # may return true
$patt->match($mol); # always false

# ..
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This allows one two use the standard while loop for all kinfipatterns without
having to worry about endless loops:

# $patt might be a Chemistry::Pattern, Chemistry::Formula Pattern,
# or Chemistry::MidasPattern object
while ($patt->match($mol)) {

# do something

}

Also note that formula patterns don’t really have the conadé@mn atom map, so
$patt=>atom_map and $pattbond_map always return the empty list.

FORMULA PATTERN LANGUAGE

In the simplest case, a formula pattern may be just a regatanifla, as used by the
Chemistry::File::Formula module. For example, the pattern "C6H6" will only match
molecules with six carbons, six hydrogens, and no other stom

The interesting thing is that one can also specify rangeth®rlements, as two
hyphen-separated numbers. "C6H8-10" will match molecwligls six carbons and
eight to ten hydrogens.

Ranges may also be open, by omitting the upper part of theerat@oHO-" will
match molecules with six carbons and any number of hydroienszero or more).

A formula pattern may also allow for unspecified elements laans of the asterisk
special character, which can be placed anywhere in the flerpattern. For example,
"C2H6*" (or "C2*H6, etc.) will match C2H6, and also C2H60, B@S, C2H6SO0, etc.

Ranges can also be used after a subformula in parenthe€&£2)1-2" will match
molecules with one or two carbons and two to four hydrogermmgeNhowever, that the
"structure" of the bracketed part of the formula is forgoitee., the multiplier applies
to each element individually and does not have to be an inteffeat is, the above
pattern will match CH2, CH3, CH4, C2H2, C2H3, and C2H4.

VERSION
0.10

SEE ALSO

Chemistry:: Pattern, Chemistry: :File: : FormulaPattern
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org
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COPYRIGHT

Copyright (c) 2004 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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7 Chemistry::MidasPattern

Select atoms in macromolecules

SYNOPSIS

use Chemistry::MidasPattern;
use Chemistry::File::PDB;

# read a molecule
my $mol = Chemistry::MacroMol->read("test.pdb");

# define a pattern matching carbons alpha and beta
# in all valine residues

my $str = "VAL@CA,CB’;

my $patt = Chemistry::MidasPattern->new($str);

# apply the pattern to the molecule
$patt->match($mol);

# extract the results
for my $atom ($patt->atom_map) {
printf "%s\t%s\n",  $atom->attr("pdb/residue_name"), $a tom->name;

}
printf "FOUND %d atoms\n", scalar($patt->atom_map);

DESCRIPTION

This module partially implements a pattern matching endareselecting atoms in
macromolecules by using Midas/Chimera patterns.hH&pg/www.cmpharm.ucsf.edu/” troyer/troff2html/midas/Midas-
uh-3.html#sh-2.1 for a detailed description of this language.

This module shares the same interfac€hamistry:: Pattern; to perform a pattern
matching operation on a molecule, follow these steps.

1) Create a pattern object, by parsing a string. Let's asghatethe pattern object
is stored in $patt and that the molecule is $mol.

2) Execute the pattern on the molecule by calling $pattatch($mol).

3) If $patt->match() returns true, extract the "map" that relates théeepato the
molecule by calling $patt-atom_map. These method returns a list of the atoms in
the molecule that are matched by the pattern. Thus $patim_map(1) would be
analogous to the $1 special variable used for regular expresatching. The differ-
ence between Chemistry::Pattern and Perl regular express that atoms are always
captured, and that each atom always uses one "slot".

MIDAS ATOM SPECIFICATION LANGUAGE QUICK SUMMARY

The current implementation does not have the concept of amaouly of residues and
atoms.
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What follows is not exactly a formal grammar specificationt b should give a
general idea:

SELECTOR = ((:RESIDUE(.CHAIN)?)*(@ATOM)*)*

The star here means "zero or more", the question mark means tx one", and
the parentheses are used to delimit the effect of the staotiddér characters are used
verbatim.

RESIDUE can be a name (e.g., LYS), a sequence number (€8}, alfange (e.g.,
1-10), or a comma-separated list of RESIDUES (e.g. 1-1¥8)L

ATOM is an atom name, a serial number (this is a non-standerhsion) or a
comma-separated list of ATOMs.

Names can have wildcards: * matches the whole name; ? matcieesharacter;
and = matches zero or more characters. An @ATOM specificédi@asociated with
the closest preceding residue specification.

DISTANCE_SELECTOR = SELECTOR zaDISTANCE

Atoms within a certain distance of those that are matched bglactor can be
selected by using the zaoperator, where DISTANCE is a humber in Angstroms.

EXPR = (SELECTORDISTANCE_SELECTOR) (& (SELECTORDISTANCE_SELECTOR))*

The result of two or more selectors can be intersected ubmétoperator.

EXAMPLES
‘ARG All arginine atoms
‘ARG.A All arginine atoms in chain A’
ARG@* All arginine atoms
@CA All alpha carbons
*@CA All alpha carbons
‘ARG@CA Arginine alpha carbons
VAL@C= Valine carbons
VAL@C? Valine carbons with two-letter names
:ARG,VAL@CA Arginine and valine alpha carbons
‘ARG:VAL@CA All arginine atoms and valine alpha carbons
‘ARG@CA,CB Arginine alpha and beta carbons
‘ARG@CA@CB Arginine alpha and beta carbons
:1-10 Atoms in residues 1 to 10
48-* Atoms in residues 11 to the last one

:30-40@CA & ARG Alpha carbons in residues 1-10 which are
also arginines.

@123 Atom 123

@123 za<5.0 Atoms within 5.0 Angstroms of atom 123

@123 za>30.0 Atoms not within 30.0 Angstroms of atom 123

@CA & @123 za<5.0  Alpha carbons within 5.0 Angstroms of atom 1 23
CAVEATS

If a feature does not appear in any of the examples, it is foiglvet implemented. For
example, the z zone specifier, atom properties, and various Chimera exiess
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The zone specifiers (selection by distance) currently useieforce N"2 algo-
rithm. You can optimize an & expression by putting the modtkedy selectors first;
for example

:1-20 zr<10.0 & :38 atoms in residue 38 within 10 A of atoms
in residues 1-20 (slow)

:38 & :1-20 zr<10.0 atoms in residue 38 within 10 A of atoms
in residues 1-20 (not so slow)

In the first case, the N"2 search measures the distance betveey atom in the
molecule and every atom in residues 1-20, and then interfieetresults with the atom
list of residue 28; the second case only measures the déstagteveen every atom in
residue 38 with every atom in residues 1-20. The second way@h, much faster for
large systems.

Some day, a future version may implement a smarter algorithm

VERSION
0.11

SEE ALSO

Chemistry::File:: MidasPattern, Chemistry:: Pattern
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert<itub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert. All rights reserved. Thisgram is free software;
you can redistribute it and/or modify it under the same teasiPerl itself.
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8 Chemistry::Reaction
Explicit chemical reactions

SYNOPSIS

use Chemistry::Reaction;
use Chemistry::File::SMILES;

my $s = Chemistry::Pattern->parse('C=CC=C.C=C’, format= >'smiles’);
my $p = Chemistry::Pattern->parse('C1=CCCCC1’, format=> 'smiles’);
my %m;

for (my $i = 1; $i <= $s->atoms; $i++) {
$m{$s->atoms($i)} = $p->atoms($i);
}

my $r = Chemistry::Reaction->new($s, $p, \%m);

DESCRIPTION

This package, along with Chemistry::Pattern, providesmaplémentation of explicit
chemical reactions.

An explicit chemical reaction is a representation of the$farmation that takes
place in a given chemical reaction. In an explicit chemieaktion, a substrate molecule
is transformed into a product molecule by breaking exisbogds and creating new
bonds between atoms.

The representation of an explicit chemical reaction is agoale in which the order
of a bond before the chemical reaction is distinguished fiteerorder of the bond after
the chemical reaction. Thus, the breaking of an existingltiemepresented by one of
the following before/after pairs:

3/2, 2/1, 1/0 (breaking of a single bond or reduce order by one )
3/1, 2/0 (breaking of a double bond or reduce order by two)
3/0 (breaking of a triple bond)

The creation of a new bond is represented by one of the fatiglvefore/after pairs:

0/1, 1/2, 2/3 (creation of a single bond or increase order by o ne)
0/2, 1/3 (creation of a double bond or increase order by two)
0/3 (creation of a triple bond)

An explicit chemical reaction $react can be forward or reeeapplied once to a
molecule $mol at the first subgraph of $mol found which is isophic to the substrate
or product of $react:

my $subst = $react->substrate;
if ($subst->match($mol)) {
$react->forward($mol, $subst->atom_map);

}
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Also, an explicit chemical reaction $react can be forwardewerse applied once
to a molecule $mol at each subgraph of $mol which is isomarfihthe substrate or
product of $react:

my $subst = S$react->substrate;

my @products;

while ($subst->match($mol)) {
my $new_mol = $mol->clone; # start from a fresh molecule
my @map = $subst->atom_map;
# translate atom map to the clone
my @m = map { $new_mol->by id($_->id) } @map;
$react->forward($new_mol, @m);
push @products, $new_mol;

}

Furthermore, an explicit chemical reaction $react can beded or reverse applied
as long as possible to a molecule $mol at the first subgraptmol $ound which is
isomorphic to the substrate or product of $react:

my $subst = S$react->substrate;
while ($subst->match($mol)) {
$react->forward($mol, $subst->atom_map);

}

METHODS

Chemistry::Reaction->new($subst, $prod, \ %emap)

Create a new Reaction object that describes the transfanmat the $subst
substrate into the $prod product, according to the %map mgp substrate
atoms to product atoms.

$react->substrate

Return a Chemistry::Pattern object that represents thetiatb molecules of the
explicit chemical reaction $react.

$react->product

Return a Chemistry::Pattern object that represents theéyatanolecules of the
explicit chemical reaction $react.

$react->forward($mol, @map)

Forward application of the explicit chemical reaction %teto the molecule
$mol, according to the mapping @map of substrate atoms td &mms. The
substrate of the explicit chemical reaction $react must sitzgraph of the
molecule $mol. Return the modified molecule $mol.
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$react->reverse($mol, @map)

Reverse application of the explicit chemical reaction $rémthe molecule $mol,
according to the mapping @map of product atoms to $mol atdrhe.product
of the explicit chemical reaction $react must be a subgrdgeamolecule $mol.
Return the modified molecule $mol.

VERSION
0.02

SEE ALSO

Chemistry::Mol, Chemistry:: Pattern, Chemistry:: Tutorial

Rosselld, F. and G. Valiente, Analysis of metabolic pathsvy graph transfor-
mation, in: Proc. 2nd Int. Conf. Graph Transformation, lueetNotes in Computer
Science 3256 (2004), pp. 73-85.

Rossellé, F. and G. Valiente, Chemical graphs, chemicati@agraphs, and chem-
ical graph transformation, in: Proc. 2nd Int. Workshop oa@r-Based Tools, Elec-
tronic Notes in Theoretical Computer Science (2004), irspre

The PerlMol websitdttp://www.perlmol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org- and Gabriel Valientecvaliente@lsi.upc.es

COPYRIGHT

Copyright (c) 2004 Ilvan Tubert-Brohman and Gabriel Valeentll rights reserved.
This program is free software; you can redistribute it anddodify it under the same
terms as Perl itself.
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9 Chemistry::Domain

Class for domains in macromolecules

SYNOPSIS

use Chemistry::Domain;
my $domain = Chemistry::Domain->new(parent => $bhigmol);

DESCRIPTION

A domain is a substructure of a larger molecule. It is typicalsed to represent
aminoacid residues within a protein, or bases within a nodeid, but you could
use it for any arbitrary substructure such as functionalgeoand rings. A domain
has all the properties of a molecule, plus a "parent”. Themas the larger molecule
that contains the domain. In other words, the ChemistrynBio class inherits from
Chemistry::Mol.

METHODS
Note: the methods that are inherited from Chemistry::Mel@ot repeated here.

Chemistry::Domain->new(parent => $mol, name => value, ...)

Create a new Domain object with the specified attributes. céouuse the same
attributes as for Chemistry::Maknew, plus the parent attribute, which is re-
quired.

$domain->parent
Returns the parent of the domain.

$domain->add_atom($atom, ...)

Add one or more Atom objects to the domain. Returns the lashatdded. It
also automatically adds the atoms to the atom table of thenpanolecule.

$domain->add_bond($bond, ...)

Add one or more Bond objects to the domain. Returns the last laolded. It
also automatically adds the bond to the bond table of thenparelecule.

VERSION
0.06

SEE ALSO
Chemistry::MacroMol, Chemistry::Mol, Chemistry:: Atom, Chemistry::Bond
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AUTHOR

Ivan Tubert <itub@cpan.org

COPYRIGHT AND LICENSE

Copyright 2004 by Ivan Tubert
This library is free software; you can redistribute it andfwdify it under the same
terms as Perl itself.
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10 Chemistry::MacroMol

Perl module for macromolecules

SYNOPSIS
use Chemistry::MacroMol;
my $mol = Chemistry::MacroMol->new(name => 'my big molecul e);
$mol->new_domain(name => "ASP"); # see Chemistry::Domain for details

my @domains = $mol->domains;

DESCRIPTION

For the purposes of this module, a macromolecule is just oot that consists of
several "domains”. For example, a protein consists of aatigbresidues, or a nu-
cleic acid consists of bases. Therefore Chemistry::Maaiibderived from Chem-
istry::Mol, with additional methods to handle the domains.

The way things are currently structured, an atom in a mactecute "belong"
both to the MacroMol object and to a Domain object. This way gan get all the
atoms in $protein via $protein-atoms, or to the atoms in residue 123 via $protein-
>domain(123)>atoms.

METHODS

Remember that this class inherits all the methods from CsteyniMol. They won’t
be repeated here.
Chemistry::MacroMol- >new(name => value, ...)
Create a new MacroMol object with the specified attributesu ¥an use the
same attributes as for Chemistry::Mokhew.
$mol->add_domain($domain, ...)
Add one or more Domain objects to the molecule. Returns steltamain added.

$mol->domain_class
Returns the domain class that a macromolecule class expeate by default.
Chemistry::MacroMol objects return "Chemistry::Domaiblt subclasses will
likely override this method.

$mol->new_domain(name = value, ...)
Shorthand for $mot>add_domain($moi-domain_class>new(parent= $mol,
name = value, ...));

$mol->domains($ni, ...)

Returns the domains with the given indices, or all by def&l®TE: the indices
start from one (1), not from zero.
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VERSION
0.06

SEE ALSO
Chemistry::Domain, Chemistry:: Mol

AUTHOR

Ivan Tubert <itub@cpan.org

COPYRIGHT AND LICENSE

Copyright 2004 by Ivan Tubert
This library is free software; you can redistribute it andfwdify it under the same
terms as Perl itself.
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11 Chemistry::Ring

Represent a ring as a substructure of a molecule

SYNOPSIS
use Chemistry::Ring;

# already have a molecule in $mol...

# create a ring with the first six atoms in $mol
my $ring = Chemistry::Ring->new;
$ring->add_atom($_) for $mol->atoms(1 .. 6);

# find the centroid
my $vector = $ring->centroid;

# find the plane that fits the ring
my ($normal, $distance) = $ring->plane;

# is the ring aromatic?
print "is aromatic\n" if $ring->is_aromatic;

# "aromatize" a molecule
Chemistry::Ring::aromatize_mol($mol);

# get the rings involving an atom (after aromatizing)
my $rings = $mol->atoms(3)->attr('ring/rings’);

DESCRIPTION

This module provides some basic methods for representimga ring is a subclass
of molecule, because it has atoms and bonds. Besides thag #ome useful geomet-
ric methods for finding the centroid and the ring plane, andhoas for aromaticity
detection.
This module does not detect the rings by itself; for thatklatChemistry::Ring:: Find.
This module is part of the PerlMol projedittp://www.perimol.org/.

METHODS

Chemistry::Ring- >new(name => value, ...
Create a new Ring object with the specified attributes. Sa@kemistry::Mol-  >new.

$ring->centroid

Returs a vector with the centroid, defined as the averagesafdbrdinates of all
the atoms in the ring. The vecotr idvath:: Vector Real object.
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my ($norm, $d) = $ring->plane

Returns the normal and distance to the origin that define lgngepghat best fits
the atoms in the ring, by using multivariate regression. mbemal vector is a
Math:: VectorReal object.

$ring->is_aromatic

Naively guess whether ring is aromatic from the moleculapdy; with a method
based on Huckel's rule. This method is not very accuratewauks for simple
molecules. Returns true or false.

EXPORTABLE SUBROUTINES

Nothing is exported by default, but you can export these cutiotes explicitly, or all
of them by using the ":all’ tag.

aromatize_mol($mol)

Finds all the aromatic rings in the molecule and marks allateens and bonds
in those rings as aromatic.

It also adds the ’ring/rings’ attribute to the molecule andatl ring atoms and
bonds; this attribute is an array reference containingi#tef rings that involve
that atom or bond (or all the rings in the case of the molecudNPTE (the
ring/rings attribute is experimental and might change inifel versions).

VERSION
0.20

SEE ALSO
Chemistry::Mol, Chemistry:: Atom, Chemistry::Ring::Find, Math: : Vector Real.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gaene terms as Perl itself.
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12 Chemistry::Atom

Chemical atoms as objects in molecules

SYNOPSIS

use Chemistry::Atom;

my $atom = new Chemistry::Atom(
id => "al’,
coords => [$x, $y, $7],
symbol => 'Br’

);

print $atom->print;

DESCRIPTION

This module includes objects to describe chemical atomsatam is defined by its
symbol and its coordinates, among other attributes. Ataroardinates are described
by a Math::VectorReal object, so that they can be easily ursedctor operations.

Atom Attributes

In addition to common attributes such as id, name, and tytpeyshave the following
attributes, which are accessed or modified through metheflaedi below: bonds,
coords, internal_coords, Z, symbol, etc.

In general, to get the value of a property, use $atemethod without any param-
eters. To set the value, use $atormethod($new_value). When setting an attribute,
the accessor returns the atom object, so that accessore cinained:

$atom->symbol("C")->name("CA")->coords(1,2,3);

METHODS
Chemistry::Atom- >new(name => value, ...)

Create a new Atom object with the specified attributes.
$atom->Z($new_2Z)

Sets and returns the atomic number (2). If the symbol of tbenatoesn't corre-
spond to a known element, Z = undef.

$atom->symbol($Snew_symbol)
Sets and returns the atomic symbol.
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$atom->mass($new_mass)

Sets and returns the atomic mass in atomic mass units. Aftyaaybmass may
be set explicitly by using this method. However, if no masseisexplicitly and
this method is called as an accessor, the return value i®Hosvfng:

1) If the mass number is undefined (see the mass_number miethod), the
relative atomic mass from the 1995 I[UPAC recommendationsiedu (Table
stolen from the Chemistry::MolecularMass module by MakginKhrapov).

2) If the mass number is defined and Bleemistry: : Isotope module is available
and it knows the mass for the isotope, the exact mass of thepisas used;
otherwise, the mass number is returned.

$atom->mass_number($new_mass_number)

Sets or gets the mass number. The mass number is undefined ket ex-
plicitly (this module does not try to guess a default mass Ipemased on the
natural occurring isotope distribution).

$atom->coords

my $vector = $atom->coords; # get a Math::VectorReal object
$atom->coords($vector); # set a Math:VectorReal object
$atom->coords([$x, $y, $z]); # also accepts array refs
$atom->coords($x, $y, $z); # also accepts lists

Sets or gets the atom’s coordinates. It can take as a panaardtgh::VectorReal
object, a reference to an array, or the list of coordinates.

$atom->internal_coords

# get a Chemistry::InternalCoords object
my $ic = $atom->internal_coords;

# set a Chemistry::InternalCoords object
$atom->internal_coords($vic);

# also accepts array refs
$atom->internal_coords([8, 1.54, 7, 109.47, 6, 120.0]);

# also accepts lists
$atom->internal_coords(8, 1.54, 7, 109.47, 6, 120.0);

Sets or gets the atom’s internal coordinates. It can takepasaameter a Chem-
istry::InternalCoords object, a reference to an array,her list of coordinates.
In the last two cases, the list elements are the followingmatumber or refer-
ence for distance, distance, atom number or reference {pepangle in degrees,
atom number or reference for dihedral, dihedral in degrees.
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$atom->x3, $atom->y3, $atom->z3
Get the x, y or z 3D coordinate of the atom. This methods aregasessors
that don’t change the coordinates. $atom3 is short for ($atom=coords-
>array)[0], and so on.

$atom->formal_charge($charge)
Set or get the formal charge of the atom.

$atom->formal_radical($radical)
Set or get the formal radical multiplicity for the atom.

$atom->implicit_hydrogens($h_count)
Set or get the number of implicit hydrogen atoms bonded tatben.

$atom->hydrogens($h_count)
Set or get the number of implicit hydrogen atoms bonded tatben (DEPRE-
CATED: USEimplicit_hydrogens INSTEAD).
$atom->total_hydrogens($h_count)
Get the total number of hydrogen atoms bonded to the atomiinp explicit).

$atom->sprout_hydrogens
Convert all the implicit hydrogens for this atom to explibigdrogens. Note: it
doesnot generate coordinates for the new atoms.

$atom->collapse_hydrogens
Delete neighboring hydrogen atoms and add them as impliditdgens for this
atom.

$atom->calc_implicit_hydrogens
Use heuristics to figure out how many implicit hydrogens dtidkie atom have
to satisfy its normal "organic” valence. Returns the nundfenydrogens but
does not affect the atom object.

$atom->add_implicit_hydrogens

Similar to calc_implicit_hydrogens, but it also sets themer of implicit hy-
drogens in the atom to the new calculated value. Equivatent t

$atom->implicit_hydrogens($atom->calc_implicit_hydr ogens);

It returns the atom object.

$atom->aromatic($bool)

Set or get whether the atom is considered to be aromatic. prbjgerty may be
set arbitrarily, it doesn’t imply any kind of "intelligentr@maticity detection"!
(For that, look at th&€hemistry:: Ring module).
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$atom->valence
Returns the sum of the bond orders of the bonds in which tha atrticipates,
including implicit hydrogens (which are assumed to havedoomiers of one).
$atom->explicit_valence
Like valence , but excluding implicit hydrogen atoms. To get the raw nundie
bonds, without counting bond orders, call $atorbends in scalar context.
$atom->delete
Calls $mol=>delete_atom($atom) on the atom’s parent molecule.

$atom->parent

Returns the atom’s containing object (the molecule to wktehatom belongs).
An atom can only have one parent.

$atom->neighbors($from)

Return a list of neighbors. If an atom object $from is spedifiewill be excluded
from the list (this is useful if an atom wants to know who itégidor’s neighbors
are, without counting itself).

$atom->bonds($from)

Return a list of bonds. If an atom object $from is specifiedidmoto that atom
will be excluded from the list.

$atom->bonds_neighbors($from)

Return a list of hash references, representing the bondseigtibors from the
atom. If an atom object $from is specified, it will be excludemin the list. The

elements of the hash are 'to’, and atom reference, and 'hanolbnd reference.
For example,

for my $bn ($atom->bonds_neighbors) {
print "bond $bn->{bond} point to atom $bn->{to}\n";
}

($distance, $closest_atom) = $atom-distance($obj)

Returns the minimum distance to $obj, which can be an atomglacule, or
a vector. In scalar context it returns only the distance;ish dontext it also
returns the closest atom found. It can also be called as aifumaChem-
istry::Atom::distance (which can be exported).

$atom->angle($atom2, $atom3)

Returns the angle in radians between the atoms involvedn$ats the atom
in the middle. Can also be called as Chemistry::Atom::af$giom1, $atom2,
$atom3). This function can be exported. Note: if you overtitis method, you
may also need to override angle_deg or strange things mayenap
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$atom->angle_deg($atom2, $atom3)
Same as angle(), but returns the value in degrees. May beterpo

$atom->dihedral($atom2, $atom3, $atom4)

Returns the dihedral angle in radians between the atom$veddoCan also be
called as Chemistry::Atom::dihedral($atoml, $atom2pBed, $atom4). May
be exported. Note: if you override this method, you may alsedito override
dihedral_deg and angle or strange things may happen.
$atom->dihedral_deg($atom2, $atom3, $atom4)

Same as dihedral(), but returns the value in degrees. MayEted.
$atom->print
Convert the atom to a string representation (used for debgdg

my $info = $atom->sprintf($format)
Format interesting atomic information in a concise way,@ctied by a printf-

like format.
%s - symbol
%Z - atomic number
%n - name

%q - formal charge

%h - implicit hydrogen count

%v - valence

%i - id

%8.3m - mass, formatted as %8.3f with core sprintf
%8.3x - x coordinate, formatted as %8.3f with core sprintf
%8.3y - y coordinate, formatted as %8.3f with core sprintf
%8.3z - z coordinate, formatted as %8.3f with core sprintf
%% - %

$atom->printf($format)

Same as $atom-sprintf, but prints to standard output automatically. U$ed
quick and dirty atomic information dumping.

VERSION
0.37

SEE ALSO

Chemistry::Mol, Chemistry::Bond, Math:: Vlector Real, Chemistry:: Tutorial, Chemistry:: Internal Coords
The PerlMol websitéttp://www.perimol.org/
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AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.

46



13 Chemistry::Pattern::Atom

An atom that knows how to match

SYNOPSIS

my $patt_atom = Chemistry::Pattern::Atom->new(symbol => C);
$patt_atom->test_sub( sub {

my ($what, $where) = @_;

$where->bonds == 3 ? 1 : 0; # only match atoms with three bonds

1

DESCRIPTION

Objects of this class represent atoms in a pattern. Thisibeass of Chemistry::Atom.
In addition to the properties of regular atoms, pattern attiawve a method for testing
if they match an atom in a molecule. By default, a pattern atoatches an atom if
they have the same symbol. It is possible to substitute thanbarbitrary criterion by

providing a custom test subroutine.

METHODS

$patt_atom->test($atom)
Tests if the pattern atom matches the atom given by $atonurietrue or false.

$patt_atom->test_subf&my_test_sub)

Specify an arbitrary test subroutine to be used insteadeadéfiault one. &my_test sub
must take two parameters; the first one is the pattern atontrensecond is the
atom to match. It must return true if there is a match.

$patt_atom->map_to([$atom])

Returns or sets the atom that is considered to be matchedaty $fom.

VERSION
0.27

SEE ALSO

Chemistry: : Pattern
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org
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COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resadveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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14 Chemistry::Bond

Chemical bonds as objects in molecules

SYNOPSIS

use Chemistry::Bond;

# assuming we have molecule $mol with atoms $al and $a2
$bond = Chemistry::Bond->new(
id => "b1",
type => '=,
atoms => [$al, $a2]
order => "2,
);
$mol->add_bond($bond);

# simpler way of doing the same:
$mol->new_hond(

id => "b1",

type => =,

atoms => [$al, $a2)

order => "2,

);

DESCRIPTION

This module includes objects to describe chemical bondorllis defined as a list of
atoms (typically two), with some associated properties.

Bond Attributes

In addition to common attributes such as id, name, and typed® have the order
attribute. The bond order is a number, typically the integet, 3, or 4.

METHODS

Chemistry::Bond->new(name => value, ...)
Create a new Bond object with the specified attributes. $ndefaults are used
when possible.

$bond->order()
Sets or gets the bond order.

$bond->length

Returns the length of the bond, i.e., the distance betwestwib atom objects in
the bond. Returns zero if the bond does not have exactly torost
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$bond->aromatic($bool)
Set or get whether the bond is considered to be aromatic.

$bond->print
Convert the bond to a string representation.

$bond->atoms()

If called with no parameters, return a list of atoms in thedhoti called with a
list (or a reference to an array) of atom objects, define tbmatin the bond and
call $atom=>add_bond for each atom in the list. Note: changing the atonas i
bond may have strange side effects; it is safer to treat basdemutable except
with respect to properties such as name and type.

$bond->delete

Calls $mol=>delete_bond($bond) on the bond’s parent molecule. Noteaha
bond should belong to only one molecule or strange thingsimaapen.

VERSION
0.37

SEE ALSO

Chemistry::Mol, Chemistry:: Atom, Chemistry:: Tutorial
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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15 Chemistry::Pattern::Bond

A bond that knows how to match

SYNOPSIS

my $patt_bond = Chemistry::Pattern::Bond->new(order => 2 );
$patt_bond->test_sub( sub {

my ($what, $where) = @_;

$where->type eq 'purple’ ? 1 : 0; # only match purple bonds
hE

DESCRIPTION

Objects of this class represent bonds in a pattern. Thisibeass of Chemistry::Bond.
In addition to the properties of regular bonds, pattern lsamalve a method for testing
if they match an bond in a molecule. By default, a pattern bmatiches an bond if
they have the same bond order or both are aromatic. It islpledsi substitute this by
an arbitrary criterion by providing a custom test subroetin

METHODS

$patt_bond->test($Sbond)
Tests if the pattern bond matches the bond given by $bondirfetrue or false.

$patt_bond->test_subf&my_test_sub)

Specify an arbitrary test subroutine to be used insteadeadéfiault one. &my_test sub
must take two parameters; the first one is the pattern bondrensecond is the
bond to match. It must return true if there is a match.

$patt_bond->map_to([$hond)])
Returns or sets the bond that is considered to be matchedatty $pnd.

VERSION
0.27

SEE ALSO

Chemistry:: Pattern
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org
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COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resadveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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16 Chemistry::File

Molecule file 1/0O base class

SYNOPSIS
# As a convenient interface for several mol readers:
use Chemistry::File qw(PDB MDLMol); # load PDB and MDL modul es

# or try to use every file /O module installed in the system:
use Chemistry::File "auto’;

my $moll
my $mol2

Chemistry::Mol->read("file.pdb");
Chemistry::Mol->read("file.mol");

# as a base for a mol reader:

package Chemistry::File::Myfile;
use base qw(Chemistry::File);
Chemistry::Mol->register_type("myfile", _ PACKAGE_ ) ;

# override the read_mol method
sub read_mol {
my ($self, $th, %opts) = shift;
my $mol_class = $opts{mol_class} || "Chemistry::Mol";
my $mol = $mol_class->new;
# ... do some stuff with $th and $mol ...
return $mol;

}

# override the write_mol method

sub write_mol {
my ($self, $th, $mol, %opts) = shift;
print $th $mol->name, "\n";
# ... do some stuff with $th and $mol ...

DESCRIPTION

The main use of this module is as a base class for other meldibeill/O modules
(for example, Chemistry::File::PDB). Such modules shaaldrride and extend the
Chemistry::File methods as needed. You only need to canatdihe methods here if if
you are writing a file I/O module or if you want a finer degree ohtrol than what is
offered by the simple read and write methods in the Chemisigl class.

From the user’s point of view, this module can also be usedhagigand for using
several Chemistry::File modules at the same time.

use Chemistry::File qw(PDB MDLMol);
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is exactly equivalent to

use Chemistry::File::PDB;
use Chemistry::File::MDLMol;

If you use the :auto keyword, Chemistry::File will autodst@nd load all the Chem-
istry::File::* modules installed in your system.

use Chemistry::File "auto’;

FILE I/O MODEL

Before version 0.30, file I/O modules typically used onlygearstring, write_string,
parse_file, and write_file, and they were generally usedassahethods. A file could
contain one or more molecules and only be read or written ggh@ading it would
return every molecule on the file. This was problematic whealidg with large multi-
molecule files (such as SDF files), because all the molecuteddvhave to be loaded
into memory at the same time.

While version 0.30 retains backward compatibility with tlsanple model, it also
allows a more flexible interface that allows reading one mule at a time, skipping
molecules, and reading and writing file-level informatidrat is not associated with
specific molecules. The following diagram shows the globralcsure of a file accord-
ing to the new model:

| header |
| molecule |

| molecule |

| footer |

In cases where the header and the footer are empty, the mextiedas to the pre-
0.30 version. The low-level steps to read a file are the fdhgw

$file = Chemistry::File:MyFormat->new(file => 'xyz.mol )
$file->open('<’);
$file->read_header;
while (my $mol = $self->read_mol($file->th, %opts)) {
# do something with $mol...

}

$self->read footer;

Theread method does all the above automatically, and it stores alhiblecules
read in the mols property.
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STANDARD OPTIONS

All the methods below include a list of options %opts at thd efithe parameter list.
Each class implementing this interface may have its owriqueatr options. However,
the following options should be recognized by all classes:

mol_class

A class or object with aew method that constructs a molecule. This is needed
when the user want to specify a molecule subclass different the default.
When this option is not defined, the module may use Chemibto}or whichever
class is appropriate for that file format.

format

The name of the file format being used, as registered by Chgmidol- >register_format.

fatal

If true, parsing errors should throw an exception; if falkey should just try to
recover if possible. True by default.

CLASS METHODS

The class methods in this class (or rather, its derived efgsare usually not called di-
rectly. Instead, use Chemistry::Molread, write, print, parse, and file. These methods
also work if called as instance methods.

$class>parse_string($s, %options)
Parse a string $s and return one or mole molecule objectss i¥kdn abstract
method, so it should be provided by all derived classes.
$class>write_string($mol, %options)
Convert a molecule to a string. This is an abstract method,gwuld be pro-
vided by all derived classes.
$class>parse_file($file, %options)

Reads the file $file and returns one or more molecules. Theauliafeethod
slurps the whole file and then calls parse_string, but ddri¥asses may choose
to override it. $file can be a filehandle, a flename, or a scafarence. Serew
for details.

$class>write_file($mol, $file, %options)

Writes a file $file containing the molecule $mol. The defauktthod calls
write_string first and then saves the string to a file, butwdeticlasses may
choose to override it. $file can be either a filehandle or aditee.
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$class=name_is($fname, %options)

Returns true if a filename is of the format corresponding todlass. It should
look at the filename only, because it may be called with ndatent files. It
is used to determine with which format to save a file. For exarthe Chem-
istry::File::PDB returns true if the file ends in .pdb.

$classsstring_is($s, %options)
Examines the string $s and returns true if it has the formétetlass.

$class=file_is($file, %ooptions)
Examines the file $file and returns true if it has the formathef tlass. The
default method slurps the whole file and then calls stringous derived classes
may choose to override it.

$classzslurp

Reads afile into a scalar. Automatic decompression of gdififes is supported
if the Compress::Zlib module is installed. Files endinggn are assumed to be
compressed; otherwise it is possible to force decompre$sigpassing the gzip
=> 1 option (or no decompression with gzip-=9).

$class=>new(file => $file, opts = \%opts)

Create a new file object. This method is usually called irddiyevia the Chemistry::Mol-
>file method. $file may be a scalar with a filename, an open fildlearor a
reference to a scalar. If a reference to a scalar is usedirihg sontained in the
scalar is used as an in-memory file.

INSTANCE METHODS
Accessors

Chemistry::File objects are derived from Chemistry::Ofnjldnave the same properties
(name, id, and type), as well as the following ones:
file
The "file" as described above undesw.
fh
The filehandle used for reading and writing molecules. Itgereed byopen.
opts

A hashref containing the options that are passed throughewld-style class
methods. They are also passed to the instance method to kesjlea interface,
but they could access them via $selbpts anyway.

mode
'>"if the file is open for writing, ‘<’ for reading, and false if not open.
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mols

read stores all the molecules that were read in this property asrary reference.
write  gets the molecules to write from here.

Abstract methods

These methods should be overridden, because they dorit deainuch by default.

$file->read_header
Read whatever information is available in the file beforefitst molecule. Does
nothing by default.

$file->read_footer
Read whatever information is available in the file after th&t Imolecule. Does
nothing by default.

$self->slurp_mol($fh)

Reads from the input string until the end of the current maleand returns the
"slurped" string. It does not parse the string. It returndefined if there are
no more molecules in the file. This method should be overrdfireeded; by
default, it slurps until the end of the file.

$self->skip_mol($fh)
Similar to slurp_mol, but it doesn’t need to return anythexgept true or false.
It should also be overridden if needed; by default, it jusdiscslurp_mol.
$file->read_mol($fh, %opts)

Read the next molecule in the input stream. It returns fdldeere are no more
molecules in the file. This method should be overridden byvddrclasses;
otherwise it will call slurp_mol and parse_string (for bagds compatibility;
it is recommended to override read_mol directly in new medjl

Note: some old file I/O modules (written before the 0.30 ifstee) may return
more than one molecule anyway, so it is recommended to Gl maol in list
context to be safe:

($mol) = $file->read_mol($th, %opts);

$file->write_footer
Write whatever information is needed after the last molecidoes nothing by
default.

$self->write_mol($fh, $mol, %opts)

Write one molecule to $th. By default and for backward coniphty, it just
callswrite_string and prints its return value to $selffh. New classes should
override it.
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Other methods

$self->open($mode)

Opens the file (held in $settfile) for reading by default, or for writing if $mode
eq >'. This method sets $selt-th transparently regardless of whether $self-
>file is a filename (compressed or not), a scalar referencefilehandle.

$self->close

Close the file. For regular files this just closes the filehanilit for gzipped files
it does some additional postprocessing. This method isd¢altomatically on
object destruction, so it is not mandatory to call it exphci

$file->read

Read the whole file. This calls open, read_header, read_ntibltiere are no
more molecules left, read_footer, and close. Returns aflistolecules if called
in list context, or the first molecule in scalar context.

$self>write

Write all the molecules in $self-mols. Itjust calls open, write_header, write_mol
(per each molecule), write_footer, and close.

CAVEATS

The :auto feature may not be entirely portable, but it is knéswork under Unix and
Windows (either Cygwin or ActiveState).

VERSION
0.37

SEE ALSO

Chemistry:: Mol
The PerlMol websitdttp://www.perlimol.org/

AUTHOR

Ivan Tubert-Brohman-Brohmanitub@cpan.org:

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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17 Chemistry::File::Dumper

Read and write molecules via Data::Dumper

SYNOPSIS
use Chemistry::File::Dumper;

my $mol = Chemistry::Mol->read("mol.pl");
print $mol->print(format => dumper);
$mol->write("mol.pl", format => "dumper");

DESCRIPTION

This module hooks the Data::Dumper Perl core module to then@stry::File API,
allowing you to dump and undump Chemistry::Mol objects lgadihis module auto-
matically registers the "dumper"” format with ChemistryaM

For purposes of automatic file type guessing, this modularass that dumped
filesend inpl .

This module is useful mainly for debugging purposes, as ihpsiall the infor-
mation available in an object, in a reproducible way (so yan ase it to compare
molecule objects). However, it wouldn’t be a good idea toitigeread untrusted files,
because they may contain arbitrary Perl code.

OPTIONS

The following options can be used when writing a moleculbegitas a file or as a
string.

dumper_indent
Value to give to Data::Dumper::Indent. Default is 1.

dumper_purity
Value to give to Data::Dumper::Purity. Defaultis 1.

There are no special options for reading.

VERSION
0.37

SEE ALSO
Chemistry::Mol, Chemistry::File, Data:: Dumper
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AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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18 Chemistry::File::Formula

Molecular formula reader/formatter

SYNOPSIS

use Chemistry::File::Formula;

my $mol = Chemistry::Mol->parse("H20");
print $mol->print(format => formula);
print $mol->formula; # this is a shorthand for the above
print $mol->print(format => formula,
formula_format => "%s%d{<sub>%d</sub>});

DESCRIPTION

This module converts a molecule object to a string with thenida and back. It regis-
ters the 'formula’ format with Chemistry::Mol. Besides @bvious use, it is included
in the Chemistry::Mol distribution because it is a very slempxample of a Chem-
istry::File derived 1/0O module.

Writing formulas

The format can be specified as a printf-like string with thHéofeing control sequences,
which are specified with the formula_format parameter to Bmprint or $mol->write.

%s symbol

%D number of atoms

%d number of atoms, included only when it is greater than one

%d{substr} substr is only included when number of atoms is geater than one

% {substr} substr is inserted between the formatted stringfor each element. (The
" stands for ’joiner’.) The format should have only one joi ner, but its loca-
tion in the format string doesn’t matter.

%% a percent sign

If no format is specified, the default is "%s%d". Some examptdlow. Let’s
assume that the formula is C2H60, as it would be formatteddfigut.

%s %D

Like the default, but include explicit indices for all atom¥he formula would
be formatted as "C2H601"

% %l{ <sub>%l</ sub>}
HTML format. The output would be "€sub>2</sub>H<sub>6</sub>0".
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w %% {, }
Use a comma followed by a space as a joiner. The output would Be6 H, 1
o".

Symbol Sort Order The elements in the formula are sorted by default in the "Hill
order", which means that:

1) if the formula contains carbon, C goes first, followed byatd the rest of the
symbols in alphabetical order. For example, "CH2BrF".

2) if there is no carbon, all the symbols (including H) arédisalphabetically. For
example, "BrH".

It is possible to supply a custom sorting subroutine with'tbiemula_sort’ option.
It expects a subroutine reference that takes a hash refedescribing the formula
(similar to what is returned by parse_formula, discussdavige and that returns a list
of symbols in the desired order.

For example, this will sort the symbols in reverse ascitadtorder:

my $formula = $mol->print(
format => ‘formula’,
formula_sort => sub {
my $formula_hash = shift;
return reverse sort keys %$formula_hash;

);

Parsing Formulas

Formulas can also be parsed back into Chemistry::Mol obj@dte formula may have
parentheses and square or triangular brackets, and it mathe following abbrevia-
tions:

Me => '(CH3),
Et => '(CH3CH2),
Bu => '(C4H9),
Bn => '(C6H5CH2)',
Cp => '(C5H5),
Ph => '(C6H5),
Bz => '(C6H5COY)’,

The formula may also be preceded by a number, which mulsigthe whole for-
mula. Some examples of valid formulas:

Formula Equivalent to
CH3(CH2)3CH3 C5H12
C6H3Me3 C9H12
2CU[NH3]4(NO3)2 Cu2H24N12012
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2C(C[C<C>5]4)3 C152
2C(C(C(C)5)4)3 C152
C10H22 C10H22 (whitespace is completely ignored)

When a formula is parsed, a molecule object is created widakists of the set of
the atoms in the formula (no bonds or coordinates, of courEeg atoms are created
in alphabetical order, so the molecule object for C2H5Br lddwave the atoms in the
following sequence: Br, C, C, H, H, H, H, H.

If you don’t want to create a molecule object, but would ratheve a simple hash
with the number of atoms for each element, useptliee_formula  method:

my %formula = Chemistry::File::Formula->parse_formula( "C2H60");
use Data::Dumper;
print Dumper \%formula;

which prints something like

$VARL = {
H => 6,
0 = 1,
'C = 2

3

Theparse_formula  method is called internally by thgarse_string ~ method.

Non-integer numbers in formulas Theparse_formula  method can also accept for-
mulas that contain floating-point numbers, such as H1.5NUHe numbers must be
positive, and numbers smaller than one should include angaero (e.g., 0.9, not .9).

When formulas with non-integer numbers of atoms are turnexmolecule objects
as described in the previous section, the number of atomwés/arounded up. For
example, H1.5N0.5 will produce a molecule object with twallogen atoms and one
nitrogen atom.

There is currently no way gbroducing formulas with non-integer numbers; per-
haps a future version will include an "occupancy" propedydtoms that will result in
non-integer formulas.

VERSION
0.37

SEE ALSO

Chemistry::Mol, Chemistry::File
For discussion about Hill order, just search the webfdonula "hill order"

The original reference i& Am. Chem. Soc. 190Q 22, 478-494 http://dx.doi.org/10.1021/ja02046a005.
The PerlMol websitdttp://www.perlimol.org/
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AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org .
Formula parsing code contributed by Brent Gregersen.
Patch for non-integer formulas by Daniel Scott.

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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19 Chemistry::File::FormulaPattern

Wrapper Chemistry::File class for Formula patterns

SYNOPSIS

use Chemistry::File::FormulaPattern;

# somehow get a bunch of molecules...
use Chemistry::File::SDF;
my @mols = Chemistry::Mol->read("file.sdf");

# we want molecules with six carbons and 8 or more hydrogens
my $patt = Chemistry::Pattern->new("C6H8-", format => "fo rmula_pattern™);

for my $mol (@mols) {
if ($patt->match($mol)) {
print $mol->name, " has a nice formula/\n";
}

}

# a concise way of selecting molecules with grep
my @matches = grep { $patt->match($mol) } @moals;
DESCRIPTION

This is a wrapper class for reading Formula Patterns usiegtémdard Chemistry::Mol
I/0 interface. This allows Formula patterns to be used aftangeably with other
pattern languages such as SMARTS in the context of prograofsasmok. All of the
real work is done byChemistry:: FormulaPattern.

This module register the 'formula_pattern’ format witimemistry::Mol.
VERSION

0.10

SEE ALSO

Chemistry:: FormulaPattern, Chemistry:: Pattern, Chemistry: : File, Chemistry::Mol, mok.
The PerlMol websitdttp://www.perlimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2004 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.

65



20 Chemistry::File::MDLMol

MDL molfile reader/writer

SYNOPSIS
use Chemistry::File::MDLMol;

# read a molecule
my $mol = Chemistry::Mol->read('myfile.mol’);

# write a molecule
$mol->write("myfile.mol");

# use a molecule as a query for substructure matching
use Chemistry::Pattern;

use Chemistry::Ring;
Chemistry::Ring::aromatize_mol($mol);

my $patt = Chemistry::Pattern->read('query.mol’);
if ($patt->match($mol)) {
print "it matchesh\n";

}

DESCRIPTION

MDL Molfile (V2000) reader/writer.

This module automatically registers the 'mdl’ format with&nistry::Mol.

The first three lines of the molfile are stored as $malame, $mok>attr("mdimol/line2"),
and $mol=attr("mdimol/comment").

This version only reads and writes some of the informaticailale in a molfile:
it reads coordinats, atom and bond types, charges, radaradsatom lists. It does not
read other things such as stereochemistry, 3d propesiE®yes, etc.

This module is part of the PerlMol proje¢titp://www.perimol.org.

Query properties

The MDL molfile format supports query properties such as dtsts, and special bond
types such as "single or double", "single or aromatic”, 'lWlewr aromatic”, "ring
bond", or "any". These properties are supported by this reoofuconjunction with
Chemistry:: Pattern. However, support for query properies is currently reatixosnd
the other properties listed in the specification are not stteg yet.

So that atom and bond objects can use these special queoygptie conditions
are represented as Perl subroutines. The generated code ¢aad from the 'mdl-

mol/test_sub’ attribute:

$atom->attr('mdimolftest_sub”);
$hond->attr(mdimol/test_sub”);
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This may be useful for debugging, such as when an atom dosesrh to match as
expected.
Aromatic Queries

To be able to search for aromatic substructures are repesbéy Kekule structures,
molfiles that are read as patterns (whemistry::Pattern- read) are aromatized
automatically by using th€hemistry::Ring module. The default bond test from Chem-
istry::Pattern::Bond is overriden by one that checks tlmreticity in addition to the
bond order. The test is,

$patt->aromatic ?  $bond->aromatic
. ('$bond->aromatic && $patt->order == $bond->order);

That is, aromatic pattern bonds match aromatic bonds, apllagic pattern bonds
match aliphatic bonds with the same bond order.

VERSION
0.21

SEE ALSO

Chemistry:: Mol

The MDL file format specificationhttp://mww.mdl.com/downloads/public/ctfile/ctfile. pdf
or Arthur Dalby et al., J. Chem. Inf. Comput. Sci, 1992, 324-2%65.

The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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21 Chemistry::File::MidasPattern

Wrapper Chemistry::File class for Midas patterns

SYNOPSIS

use Chemistry::File::MidasPattern;
use Chemistry::File::PDB;

# read a molecule
my $mol = Chemistry::MacroMol->read("test.pdb");

# define a pattern matching carbons alpha and beta

# in all valine residues

my $str = “VAL@CA,CB’;

my $patt = Chemistry::MidasPattern->parse($str, format = > 'midas’);
# Chemistry::Mol->parse($str, format => 'midas’) also wor ks

# apply the pattern to the molecule
$patt->match($mol);

# extract the results
for my $atom ($patt->atom_map) {
printf "%s\t%s\n",  $atom->attr("pdb/residue_name"), $a tom->name;

}
printf "FOUND %d atoms\n", scalar($patt->atom_map);
DESCRIPTION

This is a wrapper class for reading Midas Patterns usingtdredard Chemistry::Mol
I/O interface. This allows Midas patterns to be used intangfeably with other pattern
languages such as SMARTS in the context of programs suatolas All of the real
work is done byChemistry:: MidasPattern.

This module register the 'midas’ format with Chemistry::Mo
VERSION

0.11

SEE ALSO

Chemistry:: MidasPattern, Chemistry:: File, Chemistry::Mol, Chemistry::MacroMol, mok.
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert<itub@cpan.org-
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COPYRIGHT

Copyright (c) 2005 Ivan Tubert. All rights reserved. Thisgram is free software;
you can redistribute it and/or modify it under the same teasPerl itself.
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22 Chemistry::File::Mopac

MOPAC 6 input file reader/writer

SYNOPSIS
use Chemistry::File::Mopac;

# read a MOPAC file
my $mol = Chemistry::Mol->read('file.mop”);

# write a MOPAC file using cartesian coordinates
$mol->write('file.mop’, coords => ’cartesian’);

# now with internal coordinates
$mol->write('file.mop’, coords => 'internal’);

# rebuild the Z-matrix from scratch while we are at it
$mol->write(file.mop’, rebuild => 1);

DESCRIPTION

This module reads and writes MOPAC 6 input files. It can hahdté internal coordi-
nates and cartesian coordinates. It also extracts moketrole summary files, defined
as those files that match /SUMMARY OF/ in the third line. P@dha future version
will extract additional information such as the energy aingbte from the summary
file.

This module registers theop format with Chemistry::Mol. For detection purposes,
it assumes that filenames ending in .mop or .zt have the Mapeatt, as well as files
whose first line matches /anpm3mnddmdg pdg/i (this may change in the future).

When the module reads an input file into $mol, it puts the kegedusually the
first line of the file) in $mol>-attr("mopac/keywords"), the comments (usually every-
thing else on the first three lines) in $mohttr("mopac/comments”) and $mplrame,
and the internal coordinates for each atom in $atemternal_coords.

When writing, the kind of coordinates used depend orctleds option, as shown
in the SYNOPSIS. Internal coordinates are used by defa@ithel molecule has no
internal coordinates defined or the rebuild option is sed,lthild_zmat function from
Chemistry::InternalCoords::Builder is used to renumber atoms and build the Z-
matrix from scratch.

TO DO

When writing a Mopac file, this version marks all coordinadesvariable (for the pur-
pose of geometry optimization by Mopac). A future versioawdd have more flexibil-

ity.
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VERSION
0.15

SEE ALSO

Chemistry::Mol, Chemistry:: File, Chemistry: : Internal Coords, Chemistry: : Internal Coords: : Builder,
http://www.perimol.org/.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2004 Ivan Tubert. All rights reserved. Thiogram is free software;
you can redistribute it and/or modify it under the same teasPerl itself.

71



23 Chemistry::File::PDB

Protein Data Bank file format reader/writer

SYNOPSIS
use Chemistry::File::PDB;

# read a PDB file
my $macro_mol = Chemistry::MacroMol->read("myfile.pdb" );

# write a PDB file
$macro_mol->write("out.pdb");

# read all models in a multi-model file
my @mols = Chemistry::MacroMol->read("'models.pdb");

# read one model at a time
my $file = Chemistry::MacroMol->file("models.pdb");
$file->open;
while (my $mol = $file->read_mol($file->th)) {
# do something with $mol

}

DESCRIPTION

This module reads and writes PDB files. The PDB file format imicmnly used to de-
scribe proteins, particularly those stored in the ProteatelBank Qttp://www.rcsb.org/pdb/).
The current version of this module only reads the followiegard types, ignoring ev-
erything else:

ATOM
HETATM
ENDMDL
END

This module automatically registers the 'pdb’ format witheEnistry::Mol, so that
PDB files may be identified and read by Chemistry::Ntakad(). For autodetection
purpuses, it assumes that files ending in .pdb or having antiathing /"(ATOM
|[HETATM)/ are PDB files.

The PDB reader and writer is designed for dealing with ChémnidlacroMol ob-
jects, but it can also create and use Chemistry::Mol obj@cthrowing some informa-
tion away.
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Properties

When reading and writing files, this module stores or getsesofrthe information in
the following places:

$domain->type
The residue type, such as "ARG".

$domain->name
The type and sequence number, such as "ARG114".

$domain->attr("pdb/sequence_number")
The residue sequence number as given in the PDB file.

$domain->attr("pdb/chain_id")

The chain to which this residue belongs (one character).
$domain->attr("pdb/insertion_code")

The residue insertion code (see the PDB specification faildit

$atom->name
The PDB atom name, such as "CA".

$atom->attr("pdb/residue_name")
The name of the residue, as discussed above.

$atom->attr("pdb/serial_number")
The serial number for the atom, as given in the PDB file.

If some of this information is not available when writing a Bile, this module
tries to make it up (by counting the atoms or residues, fongda). The default residue
name for writing is UNK (unknown). Atom names are just thenaitosymbols.

Multi-model files

If a PDB file has multiple models (separated by END or ENDMDtaels), each call
to read_mol will return one model.

Output features

On writing Chemistry::Mol objects, which don't have macrolecule information and
usually don't have atom names, the atom names are made upniogtenating the
atomic symbol with a unique ID (up to 1296 atoms are possiblEde ID can be
disabled by setting the option 'noid’:

$mol->write("out.pdb”, noid => 1);

The molecule’s name is written as a HEADER record; A REMAR&orel is added
listing the version of Chemistry::File::PDB that was used.
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VERSION
0.22

SEE ALSO

Chemistry::MacroMol, Chemistry::Mol, Chemistry::File, http://www.perimol.org/.
The PDB format description attp://www.rcsb.org/pdb/docs/format/pdbguide2.2/guide2.2_frame.html
There is another PDB reader in Perl, as part of the BioPejéptBio: : Sructure:: 1O:: pdb.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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24 Chemistry::File::QChemOut

Q-Chem ouput molecule format reader

SYNOPSIS
use Chemistry::File::QChemOut;

# read an QChemOut file
my $mol = Chemistry::Mol->read("myfile.out’, format => 'q chemout’);

# read all the intermediate structures (e.g., optimization steps)
my $mol = Chemistry::Mol->read("myfile.out",
format => 'chemout, all => 1),

DESCRIPTION

This module reads Q-Chem output files. It automaticallystegs the 'qgchemout’ for-
mat with Chemistry::Mol, so that Q-Chem outuput files may teentified and read
using Chemistry::Mok=read().

The current version of this reader simply extracts the s#ate coordinates and
symbols from the Q-Chem outuput file. All other informatisrignored.

INPUT OPTIONS

all

If true, read all the intermediate structures, as in a stmgcoptimization. This
causes $mol-read to return an array instead of a single molecule. Deftaltte.

VERSION
0.10

SEE ALSO
Chemistry::Moal, http://www.perimol.org/.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org
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25 Chemistry::File::SDF

MDL Structure Data File reader/writer

SYNOPSIS
use Chemistry::File::SDF;

# Simple interface (all at once)
# read all the molecules in the file
my @mols = Chemistry::Mol->read(’myfile.sdf");

# assuming that the file includes a <PKA> data item...
print $mols[0]->attr("sdf/data")->{PKA};

# write a bunch of molecules to an SDF file
Chemistry::Mol->write('myfile.sdf, mols => \@mols);

# or write just one molecule
$mol->write('myfile.sdf");

# Low level interface (one at a time)

# create reader

my $reader = Chemistry::Mol->file('myfile.sdf’);

$reader->open(’<);

while (my $mol = $reader->read_mol($reader->th)) {
# do something with $mol

}

DESCRIPTION

MDL SDF (V2000) reader.

This module automatically registers the 'sdf’ format withénistry::Mol.

The parser returns a list of Chemistry::Mol objects. SDFadadn be accessed
by the $mol=attr method. Attribute names are stored as a hash ref at tl&sa"
attribute, as shown in the synopsis. When a data item hagkedine in the SDF file,
the attribute is stored as a string; when there’s more thanlioe, they are stored as
an array reference. The rest of the information on the limé ttolds the field name is
ignored.

This module is part of the PerlMol proje¢titp://www.perimol.org.

CAVEATS

Note that by storing the SDF data as a hash, there can be oalfiedd with a given
name. The SDF format description is not entirely clear is tieigard. Also note that
SDF data field names are considered to be case-sensitive.
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VERSION
0.21

SEE ALSO
Chemistry::Mol
The MDL file format specificationttp://mww.mdl.com/downloads/public/ctfile/ctfile. pdf
or Arthur Dalby et al., J. Chem. Inf. Comput. Sci, 1992, 324-265.
The PerlMol websitdttp://www.perlimol.org/
AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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26 Chemistry::File::SLN

SLN linear notation parser/writer

SYNOPSYS

#l/usr/bin/perl
use Chemistry::File::SLN;

# parse a SLN string for benzene
my $s = 'C[1]JH:CH:CH:CH:CH.CH@1’;
my $mol = Chemistry::Mol->parse($s, format => 'sIn’);

# print a SLN string
print $mol->print(format => ’sIn);

# print a unique (canonical) SLN string
print $mol->print(format => ’sIn’, unique => 1);

# parse a multiline SLN file
my @mols = Chemistry::Mol->read("file.sIn", format => ’sl n’);

# write a multiline SLN file
Chemistry::Mol->write("file.sIn", mols => [@mols]);

DESCRIPTION

This module parses a SLN (Sybyl Line Notation) string. TkisiFile 1/O driver for
the PerlMol project.http://www.perlmol.org/. It registers the 'sin’ format with Chem-
istry::Mol, and recognizes filenames ending in ".sIn’.

Optional attributes for atoms, bonds, and molecules aredtas $atomsattr("sIn/attr"),
$bond=>attr("sIn/attr"), and $mol=attr("sIn/attr"), respectively. Boolean attributes are
stored with a value of 'TRUE'. That's the way boolean atttdsiare recognized when
writing, so that they can be written in the shortened form.

$sin_attr->{backbone} = 1;
# would be ouput as "Cl[backbone=1]"

$sin_attr->{backbone} = 'TRUE’;
# would be ouput as "Clbackbone]"

Also note that attribute names are normalized to lowercageading.
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OPTIONS

The following options are available when reading:

kekulize

Assign bond orders for unsatisfied valences or for aromaticls. For example,
benzene read as C[1]H:CH:CH:CH:CH:CH@1 will be convertgdrnally to
something like C[1]H=CHCH=CHCH=CH@1. This is needed if dueo format
or module expects a Kekule representation without an alicrband type.

The following options are available when writing:

mols

If this option points to an array of molecules, these moleswlill be written,
one per line, as in the example in the SYNOPSYS.

aromatic

Detect aromaticity before writing. This will ensure thadaratic bond types are
used instead of alternate single and double bonds.

unique

Canonicalize before writing, and produce a unique struciN®©TE: this op-
tion does not guarantee a unique representation for masawith bracketed
attributes.

name
Include the name of the molecule ($mehkame) in the output string.

coord3d, coords

Include the 3D coordinates of every atom in the molecule endhtput string.
coord3d andcoords may be used interchangeably.

attr
Output the atom, bond, and molecule attributes found in $mattr("sIn/attr"),

etc.
CAVEATS

This version does not implement the full SLN specificatiansupports simple struc-
tures and some attributes, but it does not support any offlening:

Macro atoms
Pattern matching options
Markush structures

2D Coordinates
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The SLN specification is vague on several points, and | davelha reference im-
plementation available, so | had to make several arbitragysibns. Also, this version
of this module has not been tested exhaustively, so plepseti@ny bugs that you find.

If the parser doesn’t understand a string, it only says 'syetror”, which may not
be very helpful.

VERSION
0.11

SEE ALSO

Chemistry::Mol, Chemistry::File, Chemistry::File:: SMILES

The PerlMol websitéttp://www.perlmol.org/

Ash, S.; Cline, M. A.; Homer, R. W.; Hurst, T.; Smith, G. B., BYL Line Nota-
tion (SLN): A Versatile Language for Chemical Structure Resgntation. J. Chem. Inf.
Comput. Sci; 1997; 37(1); 71-79. DOI: 10.1021/¢i960168p(//dx.doi.org/10.1021/ci960109j)

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2004 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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27 Chemistry::File::SMARTS

SMARTS chemical substructure pattern linear notationgrars

SYNOPSYS

#l/usr/bin/perl
use Chemistry::File::SMARTS;

# this string matches an oxygen next to an atom with three
# neighbors, one of which is a hydrogen, and a positive charge
my $smarts = 'O[D3H+];

# parse a SMARTS string and compile it into a
# Chemistry::Pattern object

my $patt = Chemistry::Pattern->parse($smarts, format => ' smarts’);
# find matches of the pattern in a Chemistry::Mol object $mol
my $mol = Chemistry::Mol->read("myfile.mol");
while ($patt->match($mol)) {
print "pattern matches atoms: ", $patt->atom_map, "\n"
}
# NOTE: if the SMARTS pattern relies on aromaticity or ring
# properties, you have to make sure that the target
# molecule is "aromatized" first:
my $smarts = ‘c:a’;
my S$patt = Chemistry::Pattern->parse($smarts, format => ' smarts’);
use Chemistry::Ring 'aromatize_mol’;
aromatize_mol($mol); # <--- AROMATIZE!!!
while ($patt->match($mol)) {
print "pattern matches atoms: ", $patt->atom_map, "\n"
}
# Note that "atom mapping numbers" end up as $atom->name
my $patt = Chemistry::Pattern->parse("[C:7][C:8]", form at => 'smarts’);
print $patt->atoms(1)->name; # prints 7
DESCRIPTION

This module parse a SMARTS (SMiles ARbitrary Target Speaifomn) string, gener-
ating aChemistry:: Pattern object. It is a file I/O driver for the PerIMol toolkit; it’s rto
called directly but by means of the Chemistry::Pattefparse class method.
For a detailed description of the SMARTS language jstpe//www.daylight.com/dayhtml/doc/theory/theory.smarts.hti
Note that this module doesn’timplement the full language&letailed under CAVEATS.
This module is part of the PerlMol projectitp://www.perimol.org/.
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CAVEATS

The following features are not implemented yet:

chirality: @, @@

component-level gruouping
That s, the difference between these three cases:

(SMARTS)
(SMARTS).(SMARTS)
(SMARTS).SMARTS

The so-called parser is very lenient, so if you give it sorimgtthat’s not quite
reasonable it will ignore it or interpret it in a strange waighwut warning.

As shown in the synopsis, you have to make sure that the nlelectaromatized”
if you want to apply to it a pattern that relies on aromatictying properties.
VERSION

0.22

SEE ALSO
Chemistry:: Pattern, Chemistry::Mol, Chemistry::File, Chemistry::File:: SMILES

For more information about SMARTS, see the SMARTS Theory Mdathttp://www.daylight.com/dayhtml/doc/theol

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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28 Chemistry::File::SMILES

SMILES linear notation parser/writer

SYNOPSYS

#l/usr/bin/perl
use Chemistry::File::SMILES;

# parse a SMILES string
my $s = 'C1CCL(=0)[0-];
my $mol = Chemistry:Mol->parse($s, format => 'smiles’);

# print a SMILES string
print $mol->print(format => 'smiles’);

# print a unique (canonical) SMILES string
print $mol->print(format => 'smiles’, unique => 1);

# parse a SMILES file
my @mols = Chemistry::Mol->read("file.smi", format => 'sm iles);

# write a multiline SMILES file
Chemistry::Mol->write("file.smi", mols => \@mols);
DESCRIPTION

This module parses a SMILES (Simplified Molecular Input LEtry Specification)
string. This is a File I/O driver for the PerlMol projechttp://www.perimol.org/. It
registers the 'smiles’ format with Chemistry::Mol.

This parser interprets anything after whitespace as theootd’s name; for exam-
ple, when the following SMILES string is parsed, $mefhame will be set to "Methyl
chloride™:

CCl Methyl chloride

The name is not included by default on output. However, if e option is
defined, the name will be included after the SMILES stringasated by a tab.

print $mol->print(format => ’smiles’, name => 1);
Multiline SMILES and SMILES files
A file or string can contain multiple molecules, one per line.

CCl Methyl chloride
CO  Methanol

Files with the extension '.smi’ are assumed to have this &rm
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Atom Mapping Numbers

As an extension for reaction processing, SMILES strings maye atom mapping
numbers, which are introduced after a colon in a bracketexhaEor example, [C:1].
The mapping number need not be unique. This module reads &peing numbers
and stores them as the name of the atom ($atorame).

On output, atom names are not included by default. Semuthieer andauto_number
options below for ways of including them.

headl OPTIONS

The following options are supported in addition to the opsionentioned fo€hem-
istry::File, such asnol_class , format , andfatal

aromatic
On output, detect aromatic atoms and bonds by means of thei€ing:Ring
module, and represent the organic aromatic atoms with loager symbols.
unique
When used on output, canonicalize the structure if it haseén canonicalized
already and generate a unique SMILES string. This optiorigagaromatic".
number

For atoms that have a defined name, print the name as the "atorber”. For
example, if an ethanol molecule has the name "42" for the emyagjom and the
other atoms have undefined names, the output would be:

CC[OH:42]

auto_number

When used on output, number all the atoms explicitly and setiglly. The
output for ethanol would look something like this:

[CH3:1][CH2:2][OH:3]

name
Include the molecule name on output, as described in thequegection.

kekulize

When used on input, assign single or double bond orders toratic" or other-

wise unspecified bonds (i.e., generate the Kekule structiifalse, the bond or-
ders will remain single. This option is true by default. Théesassign_bond_orders
from the Chemistry::Bond::Find module.
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CAVEATS

Stereochemistry is not supported! Stereochemical ddéscsiguch as @, @@, /, and
\ will be silently ignored on input, and will certainly not beqauced on output.

Reading branches that start before an atom, such as (OC)€h should be equiv-
alent to C(OC) and COC, according to some variants of the &8llspecification.
Many other tools don’t implement this rule either.

The kekulize option works by increasing the bond orders offrat that don't have
their usual valences satisfied. This may cause problemsiihgoe atoms with explic-
itly low hydrogen counts.

VERSION
0.46

SEE ALSO

Chemistry::Mol, Chemistry::File
The SMILES Home Page at http://www.daylight.com/dayhsmiles/
The Daylight Theory Manual at http://www.daylight.comytééml/doc/theory/theory.smiles.html
The PerlMol websitéttp://www.perlmol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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29 Chemistry::File::VRML

Generate VRML models for molecules

SYNOPSIS

use Chemistry::File::PDB;
use Chemistry::File::VRML;
use Chemistry::Bond::Find ’find_bonds’;

my $mol = Chemistry::Mol->read('test.pdb’);
find_bonds($mol, orders => 1);
$mol->write('testwrl’, format => 'vrml’,

center => 1,

style  => ’ballAndWire’,

color => ’byAtom’,

DESCRIPTION

This module generates a VRML (Virtual Reality Modeling Lailagie) representation
of a molecule, which can then be visualized with any VRML éew his is a PerIMol
file 1/0O plugin, and registers the 'vrml’ format witlChemistry::Mol. Note however
that this file plugin is write-only; there’s no way of readiag/RML file back into a
molecule.

This module is a modification of PDB2VRML by Horst Vollhardiglapted to the
Chemistry::Fileinterface.

OPTIONS
The following options may be passed to $melvrite.

center

If true, shift the molecules center of geometry into the wrigf the coordinate
system. Note: this only affects the output; it does not affiee coordinates of
the atoms in the original Chemistry::Mol object.

style

Sets the style for the VRML representation of the molecutaicsure. Default is
'Wireframe’. Currently supported styles are:

Wireframe, BallAndWire,
Stick, BallAndStick,
CPK
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color

Set the overall color of the molecular structure. If the cidset to ’byAtom’, the
color the for atoms and bonds is defined by the atom type. MegabyAtom’.
Currently supported colors are:

byAtom,
yellow, blue, red,
green, white, brown,

grey, purple

stick_radius
Defines the radius in Angstrom for the cylinders in the 'Stiakd 'BallAnd-
Stick’ style. Defaultis 0.15 .

ball_radius
Defines the factor which is multiplied with the VDW radius fitre spheres in
the 'BallAndWire’ and 'BallAndStick’ style. Default is 0.2

compression

Turns on/off compression of the output. If turned on, alldieg whitespaces
are removed. This produces a less readable but approx. 2@#es@utput, the
speed is increased by 10% as well.

AUTHOR
PDB2VRML originally by Horst Vollhardt, horstv@yahoo.ceii©98. Modified and
adapted as Chemistry::File::VRML by Ivan Tubert-Brohmi&uh@cpan.org, 2005.

COPYRIGHT

PDB2VRML Copyright (c) 1998 by Horst Vollhardt. All rightseserved. Chem-
istry::File::VRML modifications Copyright (c) 2005 by Ivahubert-Brohman. All
rights reserved. This program is free software; you canstetiute it and/or modify it
under the same terms as Perl itself.

SEE ALSO

PDB2VRML found at http://www.realitydiluted.com/mirrgfreality.sgi.com/horstv_basel/pdb2vrml/

PerlMol project at http://www.perlmol.org/
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30 Chemistry::File::XYZ

XYZ molecule format reader/writer

SYNOPSIS
use Chemistry::File::XYZ;

# read an XYZ file
my $mol = Chemistry::Mol->read("myfile.xyz");

# write an XYZ file
$mol->write("out.xyz");

DESCRIPTION

This module reads XYZ files. It automatically registers thgz' format with Chem-
istry::Mol, so that XYZ files may be identified and read by Ch&ny::Mol->read().

The XYZ format is not strictly defined and there are varioussiens floating
around; this module accepts the following:

First line: atom count (optional)

Second line: molecule name or comment (optional)

All other lines: (symbol or atomic number), X, y, and z cooaies separated by
spaces, tabs, or commas.

If the first line doesn't look like a number, the atom count eddced from the
number of lines in the file. If the second line looks like it def an atom, it is assumed
that there was no name or comment.

OUTPUT OPTIONS

On writing, the default format is the following, giving H2 as example.

2

Hydrogen molecule

H 0.0000  0.0000  0.0000
H 0.0000  0.7000  0.0000

That is: count line, name line, and atom lines (symbol, x,)y,These format can
be modified by means of certain options:

name
Control whether or not to include the name.

count
Control whether or not to include the count line.
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symbol
If false, use the atomic numbers instead of the atomic sysabol

For example,
$mol->write("out.xyz", count => 0, name => 0, symbol => 0Q);
gives the following output:

1 0.0000  0.0000  0.0000
1 0.0000  0.7000  0.0000

VERSION
0.12

SEE ALSO
Chemistry::Mol, http://www.perimol.org/.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org
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31 Chemistry::InternalCoords

Represent the position of an atom using internal coordgnate convert it to Cartesian
coordinates.

SYNOPSIS

use Chemistry::InternalCoords;

# ... have a molecule in $mol
my $atom = $mol->new_atom;

# create an internal coordinate object for $atom
# with respect to atoms with indices 4, 3, and 2.
my $ic = Chemistry::InternalCoords->new(

$atom, 4, 1.1, 3, 109.5, 2, 180.0

);

# can also use atom object references instead of indices
($atomd4, $atom3, $atom2) = $mol->atoms(4,3,2);
my $ic = Chemistry:InternalCoords->new(

$atom, $atom4, 1.1, $atom3, 109.5, $atom2, 180.0

);

# calculate the Cartesian coordinates for
# the atom from the internal coordinates
my $vector = $ic->cartesians;

# calculate and set permanently the Cartesian coordinates
# for the atom from the internal coordinates

my $vector = S$ic->add_cartesians;

# same as $atom->coords($ic->cartesians);

# dump as string
print $ic;
# same as print $ic->stringify;

DESCRIPTION

This module implements an object class for representiregiiial coordinates and pro-
vides methods for converting them to Cartesian coordinates
For generating an internal coordinate representationdakanatrix) of a molecule
from its Cartesian coordinates, see @lgemistry::Internal Coords:: Builder module.
This module is part of the PerlMol projectitp://www.perimol.org/.
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METHODS

my $ic = Chemistry::InternalCoords- >new($atom, $len_ref, $len_val, $ang_ref,
$ang_val, $dih_ref, $dih_val)
Create a new internal coordinate object. $atom is the atowhtoh the coordi-
nates apply. $len_ref, $ang_ref, and $dih_ref are eitt@naeferences or atom
indices and are used to specify the distance, angle, andrdiitbat are used to
define the current position. $len_val, $ang_val, and $dihave the values of
the distance, angle, and dihedral. The angle and the dihedraxpected to be
in degrees.

For example,

my $ic = Chemistry::InternalCoords->new(
$atom, 4, 1.1, 3, 109.5, 2, 180.0

);

means that $atom is 1.1 distance units from atom 4, the aagber$4-3 is 109.5
degrees, and the dihedral $atom-4-3-2 is 180.0 degrees.

The first three atoms in the molecule don’t need all the irgkenordinates: the
first atom doesn’t need anything (except for the atom referedatom) because
it will always be placed at the origin; the second atom onkgdseza distance, and
it will be placed on the X axis; the third atom needs a distaarmtan angle, and
it will be placed on the XY plane.
my ($atom, $distance) = $ic>distance
Return the atom reference and distance value contained @hHkemistry::InternalCoords
object.
my ($atom, $angle) = $ic>angle
Return the atom reference and angle value contained in tamGlry::InternalCoords
object.
my ($atom, $dihedral) = $ic=>dihedral
Return the atom reference and dihedral value containe@i@kiemistry::InternalCoords
object.
my $vector = $ic->cartesians
Calculate the Cartesian coordinates from an internal doate object. Returns
a Math::VectorReal object. Note that the Cartesian coatéis of the atoms
referenced by the $ic object should already be calculated.
my $vector = $ic=>add_cartesians

Same as Sic-cartesians, but also adds the newly calculated Cartesiamlieo
nates to the atom. It is just shorthand for the following:
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$atom->coords($ic->cartesians);

The best way of calculating the Cartesian coordinates foergire molecule,
assuming that every atom is defined only in terms of previtmsia (as it should
be), is the following:

# we have all the internal coords in @ics
for my $ic (@ics) {

$ic->add_cartesians;
}

$ic->update

Update the values of the internal coordinates from the siecoordinates for
the atom.

my $string = $ic->stringify

Dump the object as a string representation. May be usefuddbugging. This
method overloads the " operator.

VERSION
0.20

SEE ALSO

Chemistry:: Internal Coords: : Builder, Chemistry: :Mol, Chemistry: : Atom, Math: : Vector Real,
http://www.perimol.org/.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2004 Ivan Tubert-Brohman. All rights resadveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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32 Chemistry::Mok

Molecular awk interpreter

SYNOPSIS

use Chemistry::Mok;
$code = /CS/g{ $n++; $I += $match->bond_map(0)->length }
END { printf "Average C-S bond length: %.3f\n", $l/$n; };

my $mok = Chemistry::Mok->new($code);
$mok->run({ format => mdimol }, glob("*.mol"));

DESCRIPTION

This module is the engine behind the mok program. See mo&(H) fletailed descrip-
tion of the language. Mok is part of the PerlMol projeatp://www.perimol.org.

METHODS

Chemistry::Mok- >new($code, %options)
Compile the code and return a Chemistry::Mok object. Ald@aoptions:

package

If the package optionis given, the code runs in the Chemistry::Mok::Usmt€::$options{package}
package instead of the Chemistry::Mok::UserCode::De¢frmdkage. Spec-

ifying a package name is recommended if you have more thamoheb-

jectand you are using global varaibles, in order to avoidespace clashes.

pattern_formt

The name of the format which will be used for parsing slaslmdted
patterns that don't define an explicit format. Mok versionsillD.16 only
used the 'smiles’ format, but newer versions can use ottrerdits such as
'smarts’, 'midas’, 'formula_pattern’, and 'sIn’, if avaible. The default is
'smarts’.

$mok->run($options, @args)
Run the code on the filenames contained in @args. $optionisdstareference
with runtime options. Available options:
build_3d
Generate 3D coordinates using Chemistry::3DBuilder.

aromatize

"Aromatize" each molecule as it is read. This is needed famgde for
matching SMARTS patterns that use aromaticity or ring pliiras.
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delete_dummies

Delete dummy atoms after reading each molecule. A dummy éata-
fined as an atom with an unknown symbol (i.e., it doesn't appeahe
periodic table), or an atomic number of zero.

find_bonds

If set to a true value, find bonds. Use it when reading files withbond

information but 3D coordinates to detect the bonds if ne€tedexample,

if you want to do match a pattern that includes bonds). If fleehfas explicit

bonds, mok will not try to find the bonds, but it will reassidpetoond orders
from scratch.

format

The format used when calling $mol_classead. If not given, $mol_class-
>read tries to identify the format automatically.

mol_class
The molecule class used for reading the files. Defaults tor@tey::Mol.

VERSION
0.26

SEE ALSO

mok, http://www.perlmol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resadveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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33 Chemistry::Bond::Find

Detect bonds in a molecule from atomic 3D coordinates andmésrmal bond orders

SYNOPSIS
use Chemistry::Bond::Find "all’; # export all available f unctions

# $mol is a Chemistry::Mol object
find_bonds($mol);
assign_bond_orders($mol);

DESCRIPTION

This module provides functions for detecting the bonds in @ecule from its 3D
coordinates by using simple cutoffs, and for guessing th&bond orders.
This module is part of the PerIMol projectitp://mwww.perlmol.org/.

FUNCTIONS
These functions may be exported, although nothing is eeddry default.

find_bonds($nmol, %options)

Finds and adds the bonds in a molecule. Only use it in moledhkg have no
explicit bonds; for example, after reading a file with 3D adioates but no bond
orders.

Available options:

tolerance

Defaults to 1.1. Two atoms are considered to be bound if tetadce
between them is less than the sum of their covalent radiiiplieit! by the
tolerance.

margin
NOTE: in general setting this option is not recommendedsssi/ou know
what you are doing. It is used by the space partitioning agorto deter-
mine the "bucket size". It defaults to 2 * Rmax * tolerance aerdnRmax
is the largest covalent radius among the elements foundeinmblecule.
For example, if a molecule has C, H, N, O, and |, Rmax = R(I) 81s®
the margin defaults to 2 * 1.33 * 1.1 = 2.926. This margin ersuhat no
bonds are missed by the partitioning algorithm.
Using a smaller value gives faster results, but at the riskisking some
bonds. In this example, if you are certain that your molecigdesn’t con-
tain I-1 bonds (but it has C-1 bonds), you can set margin t@ {6 1.33) *
1.1 =2.31 and you still won’t miss any bonds (0.77 is the ragdiucarbon).
This only has a significant impact for molecules with a thawksatoms or
more, but it can reduce the execution time by 50% in some cases
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assi

orders

If true, assign the bond orders after finding them, by cakiisgign_bond_orders($mol,
%opts) .

bond_class

The class that will be used for creating the new bonds. Thauiteis the
bond class returned mol- >bond_class

gn_bond_or ders($ml, %opts)

Assign the formal bond orders in a molecule. The bonds muesady be defined,
either byfind_bonds  or because the molecule was read from a file that included
bonds but no bond orders. If the bond orders were alreadyeatefimaybe the
molecule came from a file that did include bond orders aftBy tle original
bond orders are erased and the process begins from scratohdifferent algo-
rithms are available, and may be selected by using the "rdétiyation:

assign_bond_orders($mol, method => 'itub’);
assign_bond_orders($mol, method => ’baber);

itub

This is the default if no method is specified. Developed framath by
the author of this module, this algorithm requires only tbarmection table
information, and it requires that all hydrogen atoms be iekplt looks for
an atom with unsatisfied valence, increases a bond ordethandioes the
same recursively for the neighbors. If everybody’s not haapthe end,
it backtracks and tries another bond. The recursive pars doécover the
whole molecule, but only the contiguous region of "unhapgig'ms next to
the starting atom and their neighbors. This permits sejpar#iie molecule
into independent regions, so that if one is solved and therg@roblem in
another, we don’'t have to backtrack to the first one.

The itub algorithm has the following additional options:

use_coords
Although the algorithm does nogguire 3D coordinates, it uses them
by default to improve the initial guesses of which bond osdsrould
be increased. To avoid using coordinates, addiseecoords option
with a false value:

assign_bond_orders($mol, use_coords => 0);
The results are the same most of the time, but using good twtes
improves the results for complicated cases such as fuseddae-
matic systems.
scratch

If true, start the bond order assignment from scratch byragsythat
all bond orders are 1. If false, start from the current bordkos and
try to fix the unsatisfied valences. This option is true by difa
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baber

A bond order assignment algorithm based on Baber, J. C.; Kndg. E.
J. Chem. Inf. Comp. Sci. 1992, 32, 401-406 (with some intggiion).
This algorithm uses the 3D coordinates along with variousfésiand con-
fidence formulas to guess the bond orders. It then tries wvegonflicts
by looping through the atoms (but is not recursive or backiireg). It does
not require explicit hydrogens (although it’s better whieeyt are available)
because it was designed for use with real crystallograpdtie ehich often
doesn't have hydrogen atoms.

This method doesn’t always give a good answer, especiallgdojugated
and aromatic systems. The variation used in this modulesatde random
numbers to resolve some ambiguities and break loops, setbéts are not
even entirely deterministic (the ’itub’ method is determtit but the result
may depend on the input order of the atoms).

VERSION
0.23

TO DO

Some future version should let the user specify the desimdffs, and not always
create a bond but call a user-supplied function insteads Why these functions could
be used for other purposes such as finding hydrogen bondsgithue lists.

Add some tests.

SEE ALSO
Chemistry::Mol, Chemistry:: Atom, Chemistry::Bond, http://www.perlmol.org/.

AUTHOR

Ivan Tubert-Brohmasiitub@cpan.org
The newfind_bonds  algorithm was loosely based on a suggestion by BrowserUK
on perlmonks.orgH{tp://perimonks.org/index.pl?node_id=352838).

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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34 Chemistry::Canonicalize

Number the atoms in a molecule in a unique way

SYNOPSIS

use Chemistry::Canonicalize all’;

# $mol is a Chemistry::Mol object

canonicalize($mol);

print "The canonical number for atom 1 is: ",
$mol->atoms(1)->attr("canon/class");

print "The symmetry class for for atom 1 is: ",
$mol->atoms(1)->attr("canon/symmetry_class");

DESCRIPTION

This module provides functions for "canonicalizing” a nal&r structure; that is, to
number the atoms in a unique way regardless of the input.order

The canonicalization algorithm is based on: WeiningerktJ. Chem. Inf. Comp.
Sci. 29[2], 97-101 (1989)

This module is part of the PerIMol projectitp://mww.perimol.org/.

ATOM ATTRIBUTES
During the canonicalization process, the following atités are set on each atom:

canon/class

The unique canonical number; it is an integer going from 1h® tumber of
atoms.

canon/symmetry_class
The symmetry class number. Atoms that have the same symupiagyare con-

sidered to be topologicaly equivalent. For example, thevathyl carbons on
2-propanol would have the same symmetry class.
FUNCTIONS

These functions may be exported, although nothing is eeddry default.

canonicalize($mol, %opts)

Canonicalizes the molecule. It adds the canon/class ar@hé®mmmetry class
to every atom, as discussed above. This function may takiellbeving options:

sort
If true, sort the atoms in the molecule in ascending candnioaber order.
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invariants
This should be a subroutine reference that takes an atonetuns a num-

ber. These number should be based on the topological imigriaperties
of the atom, such as symbol, charge, number of bonds, etc.
VERSION

0.11

TO DO

Add some tests.

CAVEATS

Currently there is an atom limit of about 430 atoms.

These algorithm is known to fail to discriminate between-eguivalent atoms for
some complicated cases. These are usually highly bridgadtstes explicitly de-
signed to break canonicalization algorithms; | don’t kndwany "real-looking struc-
ture" (meaning something that someone would actually ®gitle or find in nature)
that fails, but don’t say | didn’t warn you!

SEE ALSO
Chemistry::Mol, Chemistry:: Atom, Chemistry:: Obj, http://www.perlmol.org/.

AUTHOR

Ivan Tubert<itub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert. All rights reserved. Thisgram is free software;
you can redistribute it and/or modify it under the same teasPerl itself.
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35 Chemistry::InternalCoords::Builder

Build a Z-matrix from cartesian coordinates

SYNOPSIS

use Chemistry::InternalCoords::Builder ’build_zmat’;

# $mol is a Chemistry::Mol object
build_zmat($mol);

# don't change the atom order!
build_zmat($mol, bfs => 0);

DESCRIPTION

This module builds a Z-matrix from the cartesian coordieatea molecule, making
sure that atoms are defined in a way that allows for efficientsire optimizations and
Monte Carlo sampling.

By default, the algorithm tries to start at the center of theleoule and builds
outward in a breadth-first fashion. Improper dihedrals @@oio ensure clean rotation
of groups without distortion. All distance and angle referes use real bonds and bond
angles where possible (the exception being disconnedadigctistes).

This module is part of the PerIMol projectitp://mwww.perlmol.org/.

FUNCTIONS

These functions may be exported, although nothing is egdday default. To export
all functions, use the ":all" tag.

build_zmat($mol, %options)

Build a Z-matrix from the cartesian coordinates of the molec Side effect
warning: by default, this function modifies the moleculevilyd First, it finds
the bonds if there are no bonds defined already (for examiptheistructure
came from and XYZ file with no bond information). Second, ihoaicalizes
the molecule, as a means of finding the "topological cenfiéritd, it builds the
Z-matrix using a breadth-first search. Fourth, it sorts ttoene in the molecule
in the order that they were defined in the Z-matrix.

Options:

bfs
Default: true. Follow the procedure described above. Ifipfialse, then
the atom order is not modified (that is, the atoms are addadeseially in
the order in which they appear in the connection table, &t using the
breadth-first search).
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sort

Default: true. Do the canonicalization step as describes@bThis option
only applies when bfs = 1, otherwise it has no effect. If false and bfs
=> 1, the breadth-first search is done, but starting at the fisshan the
connection table.

VERSION
0.20

CAVEATS

This version may not work properly for big molecules, beeatise canonicalization
step has a size limit.

TO DO

Some improvements for handling disconnected structuoes, &s making sure that the
intermolecular distance is short.

Allowing more control over how much the molecule will be mifiglil: sort or not,
canonicalize or not...

SEE ALSO

Chemistry::Mol, Chemistry:: Atom, Chemistry: : Internal Coords, Chemistry: :Bond:: Find,
Chemistry:: Canonicalize, http://www.perlmol.org/.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2004 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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36 Chemistry::3DBuilder

Generate 3D coordinates from a connection table

SYNOPSIS

# example: convert SMILES to MDL molfile
use Chemistry::3DBuilder qw(build_3d);

use Chemistry::File::SMILES;

use Chemistry::File::MDLMol;

my $s = ’[O-]C(=0)C(N)C(C)CC’;
my $mol = Chemistry:Mol->parse($s, format => 'smiles");

build_3d($mol);

print $mol->print(format => 'mdl’);

DESCRIPTION

This module generates a three-dimensional moleculartsneifrom a connection ta-
ble, such as that obtained by a 2D representation of the mielec from a SMILES
string.

NOTE: this module is still at a very early stage of development $@s important
limitations. 1) It doesn’t handle rings or stereochemig&y 2) The bond lengths and
atoms are very approximate as they don't really accountiftarént elements. 3) Only
the sp3, sp2, and sp hybridizations are supported.

SUBROUTINES
These subroutines may be exported; to export all, use thetag.
build_3d($mol)

Add internal and cartesian coordinates to the molefmle .

VERSION
0.10

SEE ALSO

Chemistry::Mol, Chemistry:: Internal Coords.
The PerlMol websitéttp://www.perimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org
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COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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37 Chemistry::Ring::Find

Find the rings (cycles) in a molecule

SYNOPSIS
use Chemistry::Ring::Find "all’;

# find the smallest ring containing $atom
my $ring = find_ring($atom);

# find all the rings containing $bond
my @rings = find_ring($bond, all => 1);

# see below for more options

# find the six 4-atom rings in cubane
@rings = find_rings($cubane);

# find a cubane SSSR with five rings
@rings = find_rings($cubane, sssr => 1);

DESCRIPTION

The Chemistry::Ring::Find module implements a breadt-fing finding algorithm,
and it can find all rings that contain a given atom or bond, tmalfst Set of Smallest
Rings (SSSR), or the "almost SSSR", which is an unambiguetusfsings for cases
such as cubane.The algorithms are based on ideas from:

1) Leach, A. R.; Dolata, D. P.; Prout, P. Automated Conforamatl Analysis and
Structure Generation: Algorithms for Molecular Perceptib Chem. Inf. Comput.
Sci. 1990, 30, 316-324

2) Figueras, J. Ring perception using breadth-first seatclEhem. Inf. Comput.
Sci. 1996, 36, 986-991.

Ref. 2 is only used for find_ring, not for find_rings, becauses been shown that
the overall SSSR method in ref 2 has bugs. Ref 1 inspired fingsywhich depends
on find_ring.

This module is part of the PerlMol projedittp://www.perimol.org/.

FUNCTIONS

These functions may be exported explicitly, or all by using tall tag, but nothing is
exported by default.

find_ring($origin, %opts)

Find the smallest ring containg $origin, which may be eituweatom or a bond.
Returns a Chemistry::Ring object. Options:
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all
If true, find all the rings containing $origin. If false, retuthe first ring
found. Defaults to false. "All" is supposed to include ongjrtiple” rings,
that is, rings that are not a combination of smaller rings.

min
Only find rings with a the given minimum size. Defaults to zero
max
Only find rings up to the given maximium size. Defaults to mited size.
size
Only find rings with this size. Same as setting min and max éosiéime
size. Default: unspecified.
exclude
An array reference containing a list of atoms that must NOPpilesent in
the ring. Defaults to the empty list.
mirror

If true, find each ring twice (forwards and backwards). Défato false.

@rings = find_rings($mol, %options)

Find "all" the rings in the molecule. In general it return tBenallest Set of
Smallest Rings (SSSR). However, since it is well known that $SSR is not
unigue for molecules such as cubane (where the SSSR coofsfats unspeci-

fied four-memberrings, even if the symmetry of the molecubelld suggest that
the six faces of the cube are equivalent), in such cases firgs will return a

non-ambiguous "non-smallest" set of smallest rings, willee "sssr" option is
given. For example,

@rings = find_rings($cubane);
# returns SIX four-member rings

@rings = find_rings($cubane, sssr => 1);
# returns FIVE four-member rings (an unspecified subset of
# the six rings above.)

BUGS

The "all" option in find_ring doesn’t quite work as expectétfinds all simple rings
and some bridged rings. It never finds fused rings (which @ijyo

VERSION
0.20
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SEE ALSO
Chemistry::Ring, http://www.perimol.org.

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2009 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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38 Chemistry::lsotope

Table of the isotopes exact mass data

SYNOPSIS

use Chemistry::Isotope "all’;

# get the exact atomic mass for an isotope
my $m = isotope_mass(235, 92); # 235.043923094753

my $ab_table = isotope_abundance('C’);

while (my ($A, $percent_ab) = each %$ab_table) {
print "$A\tspercent_ab\n";

}

# this should print (the order may vary):

# 12 98.93

# 13 1.07

DESCRIPTION

This module contains the exact mass data from the table o$tihepes. It has an ex-
portable function, isotope_mass, which returns the maas atom in mass units given
its mass number (A) and atomic number (Z); and a functiom®t abundance which
returns a table with the natural abundance of the isotopeh@n element symbol.
The table of the masses includes 2931 nuclides and is tadernftp://ie.Ibl.gov/txt/awm95.txt
(G. Audi and A.H. Wapstra, Nucl. Phys. A595, 409, 1995)
The table of natural abundances includes 288 nuclides aa#es from the Com-
mission on Atomic Weights and Isotopic Abundances repottfe International Union
of Pure and Applied Chemistry in Isotopic Compositions @& Blements 1989, Pure
and Applied Chemistry, 1998, 70, 2 1http://www.iupac.org/publications/pac/1998/pdf/7001x0217 .pdf

FUNCTIONS

isotope_mass($A, $2)

Return the mass for the atom with the given mass number and@tumber, or undef
if the nuclide is not in the data table.

isotope_abundance($symbol)

Returns a hash reference with the natural abundance infanmfar the isotopes of a
given element. The hash keys are the mass numbers, and ties e the abundance
percentages. For example, isotope_abundance('C’) rethenfollowing structure:

{
13 => '1.07,
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12" => '98.93’
3

VERSION

0.11

SEE ALSO

Chemistry:: Atom
The PerlMol websitdttp://www.perlimol.org/

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under Hagne terms as Perl itself.
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39 mok

An awk for molecules

SYNOPSIS
mok [OPTION]... ’'CODE’ FILE...

DESCRIPTION

The purpose of mok is to read all the molecules found in the fhat are given in the
command line, and for each molecule execute the CODE thatemgThe CODE is
given in Perl and it has at its disposal all of the methods efRkrIMol toolkit.

This mini-language is intended to provide a powerful enmiment for writing "molec-
ular one-liners" for extracting and munging chemical imh@tion. It was inspired by
the AWK programming language by Aho, Kernighan, and Weigberthe SMARTS
molecular pattern description language by Daylight, land the Perl programming
language by Larry Wall.

Mok takes its name from Ookla the Mok, an unforgettable ottargrom the ani-
mated TV series "Thundarr the Barbarian”, and from shonigfimolecular awk". For
more details about the Mok mini-language, see LANGUAGE SHHECATION below.

Mok is part of the PerlMol projectttp://www.perlmol.org.

OPTIONS
-3
Generate 3D coordinates using Chemistry::3DBuilder.

-a
"Aromatize" each molecule asitis read. This is needed fangXe for matching
SMARTS patterns that use aromaticity or ring primitives.

-b
Find bonds. Use it when reading files with no bond informatioih 3D coor-
dinates to detect the bonds if needed (for example, if youtwado match a
pattern that includes bonds). If the file has explicit bormdek will not try to
find the bonds, but it will reassign the bond orders from strat

-c CLASS
Use CLASS instead of Chemistry::Mol to read molecules

-d

Delete dummy atoms after reading each molecule. A dummy &atefined as
an atom with an unknown symbol (i.e., it doesn’t appear orpériodic table),
or an atomic number of zero.
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Print debugging information, such as the way the input progwas tokenized
and parsed into blocks and subs. This may be useful for d&ggsyntax errors
when the default error mesage is not informative enough.

-f FILE
Run the code from FILE instead of the command line

-h
Print usage information and exit

-p TYPE

Parse patterns using the specified TYPE. Default: 'smafher options are
'smiles’ and 'midas’.

-t TYPE

Assume that every file has the specified TYPE. Available tylsgsend on which
Chemistry::File modules are installed, but currently ke types include mdl,
sdf, smiles, formula, mopac, pdb.

LANGUAGE SPECIFICATION

A Mok script consists of a sequence of pattern-action statesniand optional subrou-
tine definitions, in a manner very similar to the AWK language

pattern_type:/pattern/options { action statements }
{ action statements }

sub name { statements }

BEGIN { statements }

END { statements }

# comment

When the whole program consists of one unconditional adtiock, the braces
may be omitted.

Program execution is as follows:

1) The BEGIN block is executed as soon as it's compiled, lgedor other actions
are taken.

2) For each molecule in the files given in the command lineh gattern is applied
in turn; if the pattern matches, the corresponding stateérblerck is executed. The
pattern is optional; statement blocks without a patternexecuted unconditionally.
Subroutines are only executed when called explicitly.

3) Finally, the END block is executed.

The statements are evaluated as Perl statements in the &€heriok::UserCode::Default
package. The following chemistry modules are convenidotiged by default:
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Chemistry::Mol;
Chemistry::Atom "all’;
Chemistry::Bond;
Chemistry::Pattern;
Chemistry::Pattern::Atom;
Chemistry::Pattern::Bond;
Chemistry::File;
Chemistry::File::*;
Math::VectorReal "all’;

Besides these, there is one more function available for emience:printin
which is defined byub printin { print " \@_", "\n" }.

Pattern Specification

The pattern must be a SMARTS string readable by the Chemisilg.:SMARTS mod-
ule, unless a different type is specified by means of the -pomtr a pattern_type is
given explicitly before the pattern itself. The pattern igem within slashes, in a way
reminiscent of AWK and Perl regular expressions. As in Pegttain one-letter op-
tions may be included after the closing slash. An option isdd on by giving the
corresponing lowercase letter and turned off by giving tberesponding uppercase
letter.

g/G

Match globally (default: off). When not present, the Molergreter only matches
a molecule once; when present, it tries matching again iergpiarts of the
molecule. For example, /C/ matches butane only once (at speaified atom),
while /C/g matches four times (once at each atom).

o0/O

Overlap (default: on). When set and matching globally, mmascmay overlap.
For example, /CC/go pattern could match twice on propane/@0/gO would
match only once.

p/P

Permute (default: off). Sometimes there is more than oneafagatching the
same set of pattern atoms on the same set of molecule atonisieJfreturn
these "redundant” matches. For example, /CC/gp could nedtdne with two
different permutations (forwards and backwards).

Special Variables

When blocks with action statements are executed, someblesiare defined automat-
ically. The variables are local, so you can do whatever yontwath them with no
side effects. However, the objects themselves may be dlbsreising their methods.
NOTE: Mok 0.10 defined $file, $mol, $match, and $patt in lovese: While they
still work, the lowercase variables are deprecated and reagimoved in the future.
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$FILE

The current filename.

$MOL

A reference to the current molecule as a Chemistry::Mol abje

$MATCH

A reference to the current match as a Chemistry::Patterecbbj

$PATT

$FH

@A

@B

The current pattern as a string.

The current input filehandle. This provides low-level acciescase you want to
rewind or seek into the file, tell the current position, etlayihg with $FH may
break things if you are not careful. Use at your own risk!

The atoms that were matched. It is defined as @A = SMATE&eom_map
if a pattern was used, or @A = $MOLatoms within an unconditional block.
Remember that this is a Perl array, so it is zero-based, anlik one-based
numbering used by most file types and some PerIMol methods.

The bonds that were matched. It is defined as @A = $MATESbbnd_map
if a pattern was used, or @A = $MOLbonds within an unconditional block.
Remember Remember that this is a Perl array, so it is zereehasilike the
one-based numbering used by most file types and some Perlbthbuabs.

Special Blocks

Within action blocks, the following block hames can be uséith Werl funcions such
asnext andlast :

MATCH

BLOCK

MOL
FILE

112



EXAMPLES
Print the names of all the molecules found in all the .sdf fitethe current directory:
mok 'printin- $MOL->name’ *.sdf
Find esters among *.mol; print the filename, molecule namd farmula:

mok '/C(=0)OCK printf "$FILE: %s (%s)\n",
$MOL->name, $MOL->formula }' *.mol

Find out the total number of atoms:

mok { $n += $MOL->atoms } END { print "Total: $n atoms\n" }' *. mol
Find out the average C-S bond length:

mok '/CS/g{ $n++; $len += $B[0]->length }

END { printf "Average C-S bond length: %.3f\n", $len/$n; }' * .mol
Convert PDB files to MDL molfiles:
mok { $FILE =~ s/pdb/mol/; $MOL->write($FILE, format => "m dimol") } *.pdb

Find molecules with a given formula by overriding the foraplattern type glob-
ally (this example requireGhemistry:: FormulatPattern):

mok -p formula_pattern '/C6H1206/{ printin $MOL->name }' * .sdf

Find molecules with a given formula by overriding the formphattern type just for
one specific pattern. This can be used when more than onerpgtpe is needed in
one script.

mok ‘formula_pattern:/C6H1206/{ printin $MOL->name }' *. sdf

SEE ALSO

awk(1), perl(1)Chemistry::Mok, Chemistry::Mol, Chemistry:: Pattern, http://dmoz.org/Arts/Animation/Cartoons/Titles/T/
Tubert-Brohman, I. Perl and Chemistry. The Perl Journa#i2006 (ttp://www.tpj.com/documents/s=7618/tpj0406/).
The PerlMol project site atttp://www.perimol.org.

VERSION
0.26

AUTHOR

Ivan Tubert-Brohmarcitub@cpan.org

COPYRIGHT

Copyright (c) 2005 Ivan Tubert-Brohman. All rights resedveThis program is free
software; you can redistribute it and/or modify it under gagne terms as Perl itself.
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