BUSCAR UNA SUBESTRUCTURA
MOLECULAR DENTRO DE UNA
MOLECULA

BUSCAR UNA SUBESTRUCTURA EN UNA
MOLECULA

Definimos una molécula a partir de sus atomos y enlaces:
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.- Molecule[{"C", "C", "C", "C", "C", "C",

ngn, nen, nen, nen, ner, nen, nen, nev,

ncwe, ren, "cm", "cm, "c", "c", "c", "Cc"y,

{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],

Bond[{3, 4}, "Single"], Bond[{4, 5}, "Aromatic"],

Bond[{5, 6}, "Aromatic"], Bond[{6, 7},
"Aromatic"], Bond[{7, 8}, "Aromatic"],

Bond[{8, 9}, "Aromatic"], Bond[{8, 10},
"Single"], Bond[{10, 11}, "Single"],

Bond[ {11, 12}, "Single"], Bond[{12, 13},
"Single"], Bond[{13, 14}, "Single"],

Bond[ {14, 15}, "Single"], Bond[{15, 16},
"Aromatic"], Bond[{16, 17}, "Aromatic"],

Bond[ {17, 18}, "Aromatic"], Bond[{18, 19},
"Aromatic"], Bond[ {19, 20}, "Aromatic"],

Bond[ {14, 21}, "Single"], Bond[{21, 22},
"Single"], Bond[{9, 4}, "Aromatic"],

Bond[ {20, 15}, "Aromatic"]}, {}1],

MoleculePattern['"clcccccl"]

Su estructura en 2D es:

wr1- MoleculePlot[
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Moleculef[{"C", "C", "C", "C", "C", "C",

rcr, cm, "cm, "c", "c", "cm, "cn, "c",

rcr, cm, "c", "c", "c", "cm, "c", "C"y,

{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],

Bond[{3, 4}, "Single"], Bond[{4, 5},
"Aromatic"], Bond[{5, 6}, "Aromatic"],

Bond[{6, 7}, "Aromatic"], Bond[{7, 8},
"Aromatic"], Bond[{8, 9}, "Aromatic"],

Bond[{8, 10}, "Single"], Bond[{10, 11},
"Single"], Bond[{11, 12}, "S1ingle"],

Bond[{12, 13}, "Single"], Bond[{13, 14},
"Single"], Bond[{14, 15}, "S1ingle"],

Bond[ {15, 16}, "Aromatic"],

Bond[ {16, 17}, "Aromatic"],

Bond[{17, 18}, "Aromatic"], Bond[{18, 19},
"Aromatic"], Bond[{19, 20}, "Aromatic"],

Bond[{14, 21}, "Single"], Bond[{21, 22},
"Single"], Bond[{9, 4}, "Aromatic"],

Bond[ {20, 15}, "Aromatic"]}, {}1],

MoleculePattern["clcccccl"],
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AtomLabels -» "AtomIndex"]

Out[+]=

Podemos encontrar los anillos “fenilo” que lleva la molecula:

wr1- FindMoleculeSubstructure|
Moleculef[{"C", "C", "C", "C", "C", "C",
nen, e, nen, e, tev, "ev, e, e,
nen, e, nen, e, tev, ety e, "C"y,
{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],
Bond[{3, 4}, "Single"], Bond[{4, 5},
"Aromatic"], Bond[{5, 6}, "Aromatic"],
Bond[{6, 7}, "Aromatic"], Bond[{7, 8},

"Aromatic"], Bond[{8, 9}, "Aromatic"],
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Bond[ {8, 10}, "Single"], Bond[{10, 11},
"Single"], Bond[{11, 12}, "Single"],
Bond[ {12, 13}, "Single"], Bond[{13, 14},
"Single"], Bond[{14, 15}, "Single"],
Bond[ {15, 16}, "Aromatic"],

Bond[ {16, 17}, "Aromatic"],

Bond[ {17, 18}, "Aromatic"], Bond[ {18, 19},
"Aromatic"], Bond[ {19, 20}, "Aromatic"],

Bond[ {14, 21}, "Single"], Bond[{21, 22},
"Single"], Bond[{9, 4}, "Aromatic"],

Bond[ {20, 15}, "Aromatic"]1}, {}1],

MoleculePattern['"clcccccl"]]
outl- ]-

{<«;1-4,2-55,3-56,4-57,5-58,6-59p}
Representamos una nueva molécula en la que deseamos visualizar

los grupos alcohol:

- MoleculePlot[
Moleculeg[{"c", "c", "c", "c", "c", "c", "Cc",
rcr, "cm, "c", "c", "o", "c", "c", "c",
rcm, cm, "c", "c", "o", "cm", "cmv, "c", "0o",

"HH, |IHH’ HH", "Hll, "HH, |IH", HH"’ "Hll, ||H",
"HH, |IH"’ HH", "Hll, "HH’ |IH"’ HH", "Hll, ||H",



6 | busqueda estructura molecular.nb
L R LU L LU LU T LU LU L
{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],
Bond[{3, 4}, "Single"], Bond[{4, 5}, "Single"],
Bond[ {5, 6}, "Aromatic"],

Bond[{6, 7}, "Aromatic"], Bond[{7, 8},
"Aromatic"], Bond[{8, 9}, "Aromatic"],
Bond[{9, 10}, "Aromatic"], Bond[{10, 11},
"Aromatic"], Bond[{11, 12}, "Single"],
Bond[{11, 13}, "Aromatic"], Bond[{13, 14},
"Aromatic"], Bond[{14, 15}, "Aromatic"],

Bond[{6, 16}, "Single"], Bond[{16, 17},
"Single"], Bond[ {17, 18}, "Single"],
Bond[ {18, 19}, "Single"], Bond[{19, 20},
"Single"], Bond[{19, 21}, "Single"],
Bond[ {21, 22}, "Single"], Bond[{22, 23},
"Single"], Bond[{23, 24}, "Single"],

Bond[ {16, 2}, "Single"], Bond[{19, 2},
"Single"], Bond[{15, 5}, "Aromatic"],

Bond[ {15, 9}, "Aromatic"], Bond[{1, 25},
"Single"], Bond[{1, 26}, "Single"],

Bond[{1, 27}, "Single"], Bond[{3, 28},
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"Single"], Bond[{3, 29}, "Single"],
Bond[ {4, 30}, "Single"], Bond[{4, 31},
"Single"], Bond[{7, 32}, "Single"],
Bond[{8, 33}, "Single"], Bond[{10, 34},
"Single"], Bond[{12, 35}, "Single"],
Bond[ {13, 36}, "Single"], Bond[{14, 37},
"Single"], Bond[{16, 38}, "Single"],
Bond[ {17, 39}, "Single"], Bond[ {17, 40},
"Single"], Bond[{18, 41}, "S1ingle"],
Bond[ {18, 42}, "Single"], Bond[{20, 43},
"Single"], Bond[{21, 44}, "Single"],
Bond[ {21, 45}, "Single"], Bond[{22, 46},
"Single"], Bond[{22, 47}, "Single"],
Bond[ {23, 48}, "Single"], Bond[{23, 49},
"Single"], Bond[ {24, 50}, "Single"]},
{StereochemistryElements » {<|"StereoType" -

"Tetrahedral", "ChiralCenter" - 2,

"Direction" » "Counterclockwise" |5, «|

"StereoType" -» "Tetrahedral",
"ChiralCenter" -» 16, "Direction" »

"Counterclockwise"|>, <|"StereoType" -
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"Tetrahedral", "ChiralCenter" - 19,
"Direction" -» "Clockwise"|>}}],
MoleculePattern[{"C", "O", "H"},

{Bond[{1, 2}], Bond[{2, 3}1}],

AtomLabels -» "AtomIndex'"]

Out[+]=
35

12

Podemos pedir que encuentre todos los grupos funcionales del
alcohol:

w1- FindMoleculeSubstructure]
Molecule[{"C", "C", "C", "C", "C", "C", "C",
rcw, "cn, ncm, "cv, "o", "c", "c", "c",
rcw, "cw, n"c", "c", "o", "c", "c", "c", "o",

"HH, IIH"’ IIHII, "Hll, "HH, IIH"’ HHII, "HII, IIH",
"H", IIH"’ "H", "Hll, HH", "H"’ "H", "Hll, "H",
"H", IIH"’ "H"’ "Hll, HH", "H"’ "H", "Hll}’
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{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],
Bond[{3, 4}, "Single"], Bond[{4, 5}, "Single"],
Bond[ {5, 6}, "Aromatic"],

Bond[{6, 7}, "Aromatic"], Bond[{7, 8},
"Aromatic"], Bond[{8, 9}, "Aromatic"],
Bond[{9, 10}, "Aromatic"], Bond[{10, 11},
"Aromatic"], Bond[ {11, 12}, "Single"],
Bond[ {11, 13}, "Aromatic"], Bond[{13, 14},
"Aromatic"], Bond[{14, 15}, "Aromatic"],

Bond[{6, 16}, "Single"], Bond[{16, 17},
"Single"], Bond[{17, 18}, "Single"],
Bond[ {18, 19}, "Single"], Bond[{19, 20},
"Single"], Bond[{19, 21}, "Single"],
Bond[ {21, 22}, "Single"], Bond[{22, 23},
"Single"], Bond[{23, 24}, "Single"],
Bond[ {16, 2}, "Single"], Bond[{19, 2},
"Single"], Bond[{15, 5}, "Aromatic"],
Bond[ {15, 9}, "Aromatic"], Bond[{1, 25},
"Single"], Bond[{1, 26}, "Single"],

Bond[{1, 27}, "Single"], Bond[{3, 28},
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"Single"], Bond[{3, 29}, "Single"],
Bond[ {4, 30}, "Single"], Bond[{4, 31},
"Single"], Bond[{7, 32}, "Single"],
Bond[{8, 33}, "Single"], Bond[{10, 34},
"Single"], Bond[{12, 35}, "Single"],
Bond[ {13, 36}, "Single"], Bond[{14, 37},
"Single"], Bond[{16, 38}, "Single"],
Bond[ {17, 39}, "Single"], Bond[ {17, 40},
"Single"], Bond[{18, 41}, "S1ingle"],
Bond[ {18, 42}, "Single"], Bond[{20, 43},
"Single"], Bond[{21, 44}, "Single"],
Bond[ {21, 45}, "Single"], Bond[{22, 46},
"Single"], Bond[{22, 47}, "Single"],
Bond[ {23, 48}, "Single"], Bond[{23, 49},
"Single"], Bond[ {24, 50}, "Single"]},
{StereochemistryElements » {<|"StereoType" -

"Tetrahedral", "ChiralCenter" - 2,

"Direction" » "Counterclockwise" |5, «|

"StereoType" -» "Tetrahedral",
"ChiralCenter" -» 16, "Direction" »

"Counterclockwise"|>, <|"StereoType" -



busqueda estructura molecular.nb | 11
"Tetrahedral", "ChiralCenter" - 19,
"Direction" -» "Clockwise"|>}}],
MoleculePattern[{"C", "O", "H"},
{Bond[{1, 2}], Bond[{2, 3}]}]1, All]
ot 1- {<]1>11, 2512, 3535,

<]1 19, 2520, 3543,
<1523, 2524, 3-550>}

Podemos usar un simbolo atomico de cadena como patron de
busqueda:

wr - MoleculePlot[
Molecule[{"O", "H", "H"}, {Bond[{1l, 2}, "Single"],
Bond[{1, 3}, "Single"]}, {}1, "O"]

Out[e]=
H H

N

w1~ FindMoleculeSubstructure[
Molecule[{"O", "H", "H"}, {Bond[{1l, 2}, "Single"],
Bond[{1, 3}, "Single"1}, {}1, "0"]

Out[e ]=

{<1->1p}
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w - FindMoleculeSubstructure]
Molecule[{"O", "H", "H"}, {Bond[{1, 2}, "Single"],

Bond[{1, 3}, "Single"]}, {}1, "H", All]

out[~]=
(<11 >2>, <|]1 >3]}
Podemos preguntar por la carga o masa del elemento cuyo simbolo
atomico nos interese:

mre- m=Molecule]

{Atom["C"], Atom["C", "MassNumber" -» 14],
Atom["O"], Atom["O", "FormalCharge" » -1],
Atom["H"], Atom["H"], Atom["H"]},

{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Double"],
Bond[{2, 4}, "Single"],

Bond[{1, 5}, "Single'"], Bond[{1, 6}, "Single"],

Bond[{1, 7}, "Single"]}];

w1~ MoleculePlot[m, AtomLabels » "AtomIndex"]

out[s]=

Ow
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w - FindMoleculeSubstructure]
m, Atom["0", "FormalCharge" -» -1]]

Out[+]=

(<11 >4}

w - FindMoleculeSubstructure]

m, Atom["C", "MassNumber" - 14]]

Out[e ]=
(<11 > 21>}
Definimos una molécula:

wrr- N = Molecule[

Entity["Chemical", "Methyl4Nitrobutyrate'"]];

w1~ MoleculePlot[n, AtomLabels » "AtomIndex"]

Out[e]=

(@)
2
En tres dimensiones:



14 | busqueda estructura molecular.nb

w1~ MoleculePlot3D[n, AtomLabels - "AtomIndex"]

Out[e]=

wr - FindMoleculeSubstructure[n,

Atom["FormalCharge" » Except[0]], All]

Out[e ]=
{<11>3>, <] 1L >5p}
Podemos encontrar los atomos cargados positivamente:

wi - FindMoleculeSubstructure([n,
Atom["FormalCharge" » GreaterThan[0]], All]
Out[+]=

{<]1->5p}
Los atomos cargados negativamente:

w1~ FindMoleculeSubstructure([n,

Atom["FormalCharge" » LessEqualThan[-1]], All]

o= {<]1 =31}

Utilice Bond para definir un patron para cualquier doble enlace:
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w- 0 = Molecule]
"2-[[(1E,4E)-1,5-bis(5-nitrofuran-2-yl)penta-1

y4-dien-3-ylidene]amino]guanidine'"];

wr1- MoleculePlot3D[o, AtomLabels -» "AtomIndex"]

Out[+]=

w1~ FindMoleculeSubstructure[

o, Bond[_, "Double"], All]

Out[s]=

{(<11l>2,2-4p, <|]1>55,2->56p, <|]1>7,2->8]p,
<1 -513, 2-514p, <1517, 2518, <1523, 2524}
Solo dobles enlaces con un atomo de nitrogeno:
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w - FindMoleculeSubstructure]
o, Bond[{"N", }, "Double"], All]

oul1- {1 >4, 252>, <|]1 55,256/,
<1513, 2514, <1523, 2524}

Encontrar dobles enlaces con un atomo cargado:
wr - FindMoleculeSubstructure[o,
Bond[ {Atom["FormalCharge" » Except[0]], _},

"Double'"], All]

Out[e]=
{<11>13, 214>, <1523, 2> 24>}
Por defecto los estereoisomeros no coinciden:

n - FindMoleculeSubstructure[Molecule["1l-alanine"],

MoleculePattern["C[Ce@H] (N)C(=0)0"]]

Out[e ]=
{}
Use IgnoreStereochemistry -> True, para coincidencia positiva:

w1~ FindMoleculeSubstructure[Molecule["1-alanine"],
MoleculePattern["C[CeeH] (N)C(=0)0"],
IgnoreStereochemistry - True]

Out[+]=
{«<]11-1,2-52,3-53,4-4,5-55,6-56p}
De forma predeterminada, la coincidencia de subestructuras se

realiza utilizando el grafico de supresion de hidrogenos de una
molécula, a menos que el patron contenga atomos de hidrogeno
especificos:
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w - FindMoleculeSubstructure]
encuentra subestructura molecular

Molecule[{llcll, "Cll’ "CII, "C'L"},

molécula con--- [con--- | constante
{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],
enlace enlace
Bond[{2, 4}, "Single"1}, {}1,
enlace
Bond[{"C", "H"}, "Single"], All]
enlace constante todo

Out[+ ]=

{<]1>1,2->5p, <]11>1, 256,
<J1l->1,2->7Tp, <|1>52,2->58p, <|][1->3,2->9,
<1 -3, 2-510p, <|1 >3, 2->11]p}
Se perderan algunas coincidencias con el hidrogeno debido a
patrones mas complicados. En el siguiente ejemplo, el patron es
para un atomo de carbono unido a un atomo cloro, pero solo se
encuentra el enlace C - Cl:

w- FindMoleculeSubstructure]
encuentra subestructura molecular

MO-l.eCU-l.e[{"C", "Cll, "CII, IIC'L"},

molécula con--- |con- - |constante
{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],
enlace enlace
Bond[{2, 4}, "Single"1}, {}1],
enlace

Bond[{"C", Atom["AtomicNumber" » (1| 17)]},
enlace co---|atomo |numero atbmico

"Single"], All]
todo
Out[+]=
(<1152, 2-54p}
Utilice la opcion IncludeHydrogens -> True, para asegurarse de que
los hidrogenos se tratan de forma explicita a los efectos de la coinci-
dencia de patrones:
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w - FindMoleculeSubstructure]
Molecule[{"C", "C", "C", "Cl"},
{Bond[{1, 2}, "Single"], Bond[{2, 3}, "Single"],
Bond[{2, 4}, "Single"1}, {}1,
Bond[{"C", Atom["AtomicNumber" » (1| 17)]},
"Single"], All, IncludeHydrogens -» True]

Out[+]=

(<] 11, 2-55p, <]1>1, 256,
<1l-1,2->7Tp, <|1 52,254, <|]1-52, 258>,
<]1-3,2->9p, <]11 53,2510, <|]1 >3, 2->11>}
De forma predeterminada, las coincidencias de subestructuras se
eliminan para eliminar multiples coincidencias con el mismo con-
junto de atomos:

w1~ FindMoleculeSubstructure[Molecule["hexane"],

MoleculePattern["CCCCC"], All]

Out[+]=
{<;11-1,2-52,3->53,4-4,5->5p,
<1 -2,2-53,3-4,4-55,5->6p}
Utilice la opcion Overlaps -> True, para encontrar todas las coinci-
dencias posibles entre el patron y la molécula:
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wi1- FindMoleculeSubstructure[Molecule["hexane"],

MoleculePattern["CCCCC"], All, Overlaps -» True]

Out[e]=
{<;11-1,2-52,3->53,4-4,5->5p,
<1 -2,2-53,3-4,4-55,5->6],
<]1-5,2-54,3-53,4-52,5->1p,
<1-6,2-55,3-54,4-53,5->2p}
Escriba una funcion para localizar el nitrogeno y el carbono del
carbonilo en el extremo de un proteina:

ner- nterminus[mol_] :=

Module[{patt, atomsOfInterest = {1, 3}},
patt = MoleculePattern|
{Atom["N", "HydrogenCount" -» 2], Atom["C",
"OrbitalHybridization" -» "SP3"], Atom["C"],
Atom["0"], Atom[Alternatives["0", "N"]]1},
{Bond[{1, 2}, "Single"], Bond[{2, 3},
"Single"], Bond[{3, 4}, "Double"],
Bond[{3, 5}, "Single"]}];
DeleteMissing[
AssociationThread[{"amine", "carbonyl"},
Lookup[First[FindMoleculeSubstructure]

mol, patt], {}], atomsOfInterest]]]]
Aplicar la funcion a un péptido:
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w1~ peptide = BioSequence["Peptide", "VGSA"];

nterminus[peptide]

Oout[s]=

<lamine - 1, carbonyl - 3>
Si lo representamos:

w1~ peptide = BioSequence["Peptide", "VGSA"];

nterminus[peptide];
MoleculePlot[peptide, %]

out[~]=

H
)
1 |
/7, ///, N O
O -
- H
H N 0 N~
| H
H |
0

© amine
@ carbonyl



