PDBeChem
http: dbe.or dbechem

This PDBe tutorial introduces the PDBeChem Database and search engine. The
PDBeChem database stores information regarding all chemical species (small
molecules, ligands, metal ions, amino acids and nucleotides) found in the Protein
Data Bank (PDB) archive. For every unique chemical in the PDB archive, this
database contains detailed descriptions of chemical formula, formal charge,
[UPAC systematic name, stereochemistry, atom names, atom types and bond
information.

PDBeChem can be accessed from the main PDBe home page (http://pdbe.org/)

as shown below or by directly going to http://pdbe.org/pdbechem in your

internet browser.

PDBe Bringing Structure to Biology

PROTEIN DATA BANK EUROPE

PDBe Tools As of 22 Sep 2010 the PDB contains 68139 entries (latest) and EMDB contains 904 entries (latest

) M Wizard | Education | Resources | Help | Aboutus
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The EBI is carrying out a user survey about its services (10-15 min). To participate click here
o Advanced PDB search PDBe service names can be found here

o Advanced EMDB search

o Sequence similarity One-click access to PDB data
o Structure similarity [ Sequence search
o PDB entry status :_eq—i Enter a PDB ID code and click a
| PDBe feature button below for more information | 2]
Browse about the PDB entry:
o Enzymes Download PDB file | Download other files
o Folds
o Sequence families [ similar structures ] _Motifs and sites
Services
o Quatemary structure Retrieve PDB entn"es us‘ing an | PubMed ~| |
o Motifs and sites external database identifier. @ Search
o Structure comparison
ettt ; .
Find a random PDB entry ...
< igands in PDB
= Other compounds or r._!rle solved by... or tine c?ntaining... or o.ne released. in...

Please begin this tutorial by opening a new browser window and going to

http://pdbe.org and choosing the link as shown above. Please keep this tutorial

document open in order to follow the instructions.
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Tutorial

PDEe Ligands in PDB

contact pdbe
= General information EBI » Databases » Structure Databases > PDBe » Services
= How o use it Ligand Dictionary ?
= Overview
Dictionary of chemical components (ligands, small
Search by: molecules and monomers) referred in PDB entries and
= Used in PDB entry ? maintained by the wwPDB
(11610 currently in the database - Release:38_10)
— (v PDBeChem : Molecule ‘ Search ” Reset |
u Binding sites
= Chemical search ! Code o—
ok T Y | Molecule name (like 14)
sty Formula | formula range -C; edit
m L-aclvs
o JME Non-stereo SMILES | has substructure -:! I edit
= Molacular Networks Fragments [ fragment expression | 4] [ edit
= VEGA ® And
= Jmo 0O0r

Retrieve: Him B!

The main page for PDBeChem contains many different search options. One may

search for a chemical of interest based on any of the following criteria:

3 letter code for the ligand

e Name of the ligand

e Chemical formula

e Substructure (both stereo and non-stereo)

e Typical chemical fragment pattern present in the ligand of choice.
In order to search for any chemical in the PDB based on a substructure search,
click on the edit button next to the “Non-Stereo SMILES” option on this search
page. This will bring up a new window where you can use various drawing tools
(single bond, double bond, benzene ring etc.) to construct the substructure
present in your ligand of interest.
Draw the ligand structure (Pyridine C5 N1) as shown below and click on the “OK”

button to go back to the main search page.
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Draw Structure (how to use editor):

@CLR DEL  |D-R +t upg  |JME

= - ==~ A060000

[x| [-|=[e[n[«|c [l

P Y
Cancel )

On the main page you will see that the input field box for the non-stereo smile
has been populated with the smile notation of the structure drawn. Now click on
the “Search” button on the PDBeChem page to search for all compounds. in the

PDB that contain this fragment.

Too many results (>300). Prease refine your request
300 results
Stereo

RecordCode Molecule name Formula SMILES

1-[2,2- DIFLUORQ- 2- (3,4,5- TRIMETHOXY- PHENYL)- ACETYL)- C35 H42 Ci,,
PIPERIDINE- 2- CARBOXYLIC ACID 4- PHENYL- 1- (3- PYRIDIN- 3- YL- F2 N2 5%,.[)
PROPYL)- BUTYL ESTER 06

il

e

5- METHYL- 7- (2- METHYLPROPYL)- 2- (NAPHTHALEN- 1-

2 003 YLMETHYL)-3- PYRIDIN- 4 YL- 2H- PYRAZOLO[3 &- DIPYRIMIDINE- 201125 .
4,6(5H,7H)- DIONE 5
2- ({6~ {3- [AMINO(IMINO)METHYLJPHENOXY}- 3,5- DIFLUORO- 4- [(1- C29 H26 0
3 D3R METHYL-3- PHENYLPROPYL)AMINOL- 2- PYRIDINYLJOXY)BENZOIC F2 N4 N
ACID = P
¥
4 057 N- (2- hydroxy- 1,1- dimethylethyl)- 1- methyl- 3- (1H- pyrrolo[2,3- b]pyridin-C21 H22 .
= === 2-yl}- 1H- indole- 5- carboxamide N4 02 -”}ij !

3
Each row in this result list contains the pyridine fragment as used for search. You
can click on the ligand code to find out more about this compound.

Let us now take a look as a well known ligand FAD (Flavin adenine dinucleotide

or vitamin B2) as an example to explore PDBeChem.
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Go back to the main PDBeChem page and press the “Reset” button to clear the

previous search. Now type in “FAD” in the Code box and press Search. Now click

on the ligand code link (called FAD) to see details of this compound as stored in

the PDBeChem database.
contact p
Atoms 7
Bonds ? Ligand Dictionary ?
In PDB Entries 7
Names 7 PDBeChem : Molecule L
Descriptors 7 FAD '.%1
PDB links Distinct chemical molecule that is composed of atoms and
POB entries bonds
PODBeMotif sites
PDBeMotif statisti
PDB cn?ri[ro ntnznci[tcs Code FAD
v One letter code X
— Molecule name FLAVIN-ADENINE DINUCLEOTIDE

ideal representative
Maoffile no hydrogens:
ideal representative
PDB:

ideal representative

Cther

mmCif CML

3-D view

ideal reprasentative
Contents

Complete

Systematic name

Formula
Polymer type

Is modified
Standard parent
Nr of atoms

[(2R,3S,4R,5R)-5-(6-aminopurin-9-yl)-3,4-dihydroxy-
oxolan-2-yllmethyl [[(2R,3S,45)-5-(7,8-dimethyl-2,4-
dioxo-benzo[g]pteridin-10-yl)-2,3,4-trihydroxy-pentoxy]
-hydroxy-phosphoryl] hydrogen phosphate

C27 H33 N9 O15 P2

Bound ligand

No

86

Nr of atoms (except hydrogen) 53
0

Formal charge
Molecular weight
Defined at

Last modified at

Stereo SMILES

785.55

1999-07-08

2008-12-05
Ce1ec2N=C3C(=0)NC(=0)N=C3N(C[C@H](O)[C@H]
(Q)[C@H]O)

CO[P@](0)(=0)0[FP@@](0)(=0)OC[C@H]40[C@H]
([C@H](O)[C@@H]

40)n5cncBe(N)nencs6)c2ec1C
Cec1ce2N=C3C(=0)NC(=0)N=C3N(C[CH](O)[CH](O)[CH]
(O)COIPI(

The summary page displays information about FAD including:

e Molecular Name

AN, e Total number of atoms
N3A B
C1B
A (and non-hydrogen atoms)
Ao e Charge
01{?\03P .
Ozp,%:mp e Molecular Weight
N e [UPAC systematic name
R
i} e Stereo and non-stereo smiles.
02" Ter
om oo /le\ I e Schematic image of the compound
ce CoA 0‘10 C|Z
o3 C5X CAX\ /NS

showing atom names, stereochemistry and

bond types.
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The summary page also provides an option to download the coordinates for the

ligand. Both ideal and the experimental coordinates are available for download

for ligand docking and analysis purposes.

On the left hand side of the summary page there is supplementary information

about the ligand. For example, clicking on the “atoms” link will take you to the

page which has description for each and every atom present in the ligand

including their elementary and stereochemical properties, charge, if it

participates in ring formation, or functions as a leaving atom.

FAD Atoms

Atom of a chemical element, that composes a molecule

Atom ElementPDB
F*Etx‘"rdname symbol name
1 P AP
2 01A O AO1
3 02A O AO2
4 05B O AO5*
5 C5B C AC5*
4] C48 C AC4*
7 04 O AO4*
8 CiB C AC3*
9 03B O AO3*
10 C2B C AC2*
11 02B O AO2*
12 CiB C AC1*
13 N9A N AN9
14 CsA C AC8
15 N7A N AN7
16 C5A C AC5
17 CeA C AC8
18 NBA N ANB
19  NIA N AN1
20 caa C AC2
21 N3A N AN3
22 C4A C AC4

Atom

stereochemistry

=230

ZZZZZZZZZZDVZDNZMZDZZZ

Is

Is . X Y

. leavingCharge
aromatic ;o
N N 0 -1.648 -.629
N N 0 -3.035 -1.088
N N 0 -.678 -1.906
N N 0 -1.595 245
N N 0 -2.036 -.605
N N 0 -2.009 169
N N 0 -.665 .583
N N 0 -2.476 -4
N N 0 -3.639 -.203
N N 0 -1.277 -.748
N N 0 -1.728 -672
N N 0 -518 541
Y N 0 895 449
Y N 0 1.889 -.118
Y N 0 3.023 -.024
Y N 0 2.83 6086
Y N 0 3.663 979
N N 0 5.018 .698
Y N 0 3.119 1.607
Y N 0 1.827 1.878
Y N 0 1.01 1.549
Y N 0 1.462 914

coordinate coordinate coordinate

-3.229
-2.992
-3.378
-4.58
-5.64
-6.959
-7.256
-8.111
-8.744
-9.085
-10.449
-8.692
-9.063
-8.322
-8.953
-10.136
-11.205
-11.178
-12.242
-12.277
-11.299
-10.223

Similarly the “bonds” link provides detailed information of the bond order, bond

types (single, double, triple, aromatic) and bond distances for every bond in the

compound.

Ligand Dictionary ?

PDBeChem : Chemical bond

FAD Bonds

Abond between two atoms of the molecule
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The “in PDB entries” link returns a list of PDB entries that contain the ligand

FAD.
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Ligand Dictionary ?
PDBeChem : Used in PDB entry

FAD In PDB Entries
The PDB entries where the chemical component is used

Too many results (=300). Prease refine your request
Record Ligand code PDB entry ID Type Total Distinct

|

1ahv Bound ligand 2 1

1]

i1ahz Bound ligand 2 1

The “PDB entry ID” links on this page will take you to the details of that PDB
entry which contains the ligand.

The PDBeChem summary page also provides interactions statistics (PDBeMotif
statistics) for different amino acids with the ligand of interest using the

PDBeMotif service (http://pdbe.org/motif/). Click on this link to see all the

interactions between FAD and amino acids in the whole of the PDB archive.

Binding to aminoacids s [+ Code: FAD I \.oad into the editor §
() @ol_ﬂ DEL|123|0-R| |+ |  |uD
Molecule type: | = ==~ A0
Ligand: [C]
- Al €
Amino-acid: ®)
Nugleic-acid: ()| M
Water: Ol
~lo OoH OH 00, OH
— S NS
Environment —h o o o
Amino-acids: F
Nuclecic-acids: ﬂ
Br
Ligands: _[,\)
—if !
Number of water molecules: —
Coordination geometry (metals only): =
. [re
undefined -2 JME Molecular Editor®, Movartis Pharma £
Search molecules Discar
total 6282 JME Editor courtesy of Peter Ertl, Novartis JME heip

from 324 uniprot entries|

- EEE—— v = ______ __

If you click on “PDBeMotif sites” it will return a list of PDB entries containing the
FAD ligand. You can view these superposed FAD molecules from this list of PDB

entries and explore further.
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SEarcn:

NgEnu: FAL

%
¢ CCOCOQOCOCCO

EEEE & & &

header-class
\ B8 1ndw oxidoreduc
\ ®8 3gy] oxidoredu
\ B8 1nip oxidored
\ B8 3cnj oxidoredfciase
\ B8 3k oxidoredf
\ ®8 2gew oxidored
\ B8 {ndv cxidored
\ m8 3gyi oxidoredu

1 QL

\ mé qlgt oxidoreductase

[ FAD

\ M 2gj3 transferase & EAD
¥ EAD

\ B8 3gss transferase [ ] FAD
| B 3l08 oxidoreductase [] FAD
\ 7 1n62 oxidoreductase — FAD
e ) EAD

\ B8 pufr oxidoreductase | FAD
\ mé adj oxidoreductase ] FAD
\ B 3dks oxidoreductase [] FAD
\ m8 2oln oxidoreductase ] FAD

molecule

SF

H+ I+ + I+

I+

I+ I+

I+ I+

+ I+ 1+ &+

type
x-ray diffraction
x-ray diffraction
x-ray diffraction
x-ray diffraction
x-ray diffraction
x-ray diffraction
x-ray diffraction
x-ray diffraction

x-ray diffraction

x-ray diffraction

x-ray diffraction
x-ray diffraction

x-ray diffraction

x-ray diffraction
x-ray diffraction
x-ray diffraction
x-ray diffraction

« resolution

082
082
085
085
085
087
1.00
1.00

1.05

1.04

1.08
1.05

1.10
1.10
1.10
115

Go back to the main PDBeChem search page (http://pdbe.org). Some of the other

search options that are available allow searching for all chemical components by

formula or formula range.

Ligand Dictionary ?

Dictionary of chemical components (ligands, small
molecules and monomers) referred in PDB entries and

maintained

(11810 currently in the database - Release:38_10)

by the wwPDB

PDBeChem : Molecule

Code

Molecule name

Formula

Non-stereo SMILES

Fragments
® And
OO0r

- v

like %)

formula range ¥

fragment expression 5 |

Retrieve:[ Hml B

You can either graphically input the formula using the periodic table

has substructure

v

[Seen | o

. \
[ edit )
(edit )

> \
|_edit )

Group| 1 || £ | T =
Period
1 |
3 4
2 L |Be
3 11 12
Na | Mg
a 19 || 20 21 22| 23 || 24 || 25 || 26
K |Ca| |Sc|Ti|V | Cr|Mn|cFe
5 37 || 38 39 | 40 || 41 || 42 || 43 | 44
Rb| sr Y | 2zr|Nb|Mo| Tc | Ru
6 55 56 * 71 72 73 T4 yL 76
Cs |Ba| ™ |Lu|Hf | Ta| W Re|Os
7 87 || 88 sk 103 || 104 || 105 || 106 || 107 || 108
Fr [Ra| ™| Lr| Rf | Db||Sg | Bh| Hs
(use the

edit button on the formula search option), or by typing in a formula range into

the search box directly (like C1-6 03 N1-5 to search for all compounds that

contain between 1 and 6 carbons, three oxygens and 1 to 5 nitrogens). To

exclude an element from the search use the number 0 after the element name

(for example C1-6 03 PO N1-5 to find all compounds like above but without any

phosphorus atoms).

Another useful search option is to use the fragment library to find all entries that

contain one of the known chemical fragments.

“Fragments” option of the search form.
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acetylurea acridine acridone
actinophenoxazine adenine alkaloid
barbit barbiturates barbiturgroup Cd—~C5
benzimidazole benzodiazepine benzofuran
benzoisoguinoline benzothiadiazide benzothiazole N3
benzothiophen benzoxazole bilirubin E\Sﬂ
biatin carbazole cephalosporin C1A 76
chromen cinnoline coumarine
cyclobutane cyclohexane cyclopentane cin Ca
cyclopropane cytosine deoxyribose Ca
dibenzofuran  dibenzothiophen dithiolane
flavin furan furanose
glycerophos guanine imidazole
indole inosine isoquinoline
isoxadiazole isoxazole naphtyridine
napthalene oxadiazole oxazole
oxazolidinedione oxepin peptide
penicillin phenanthrene phenanthridine
phenanthroline phenazine phenothiazine phenyl phthalazine piperazine
porphin prosto pteridine pteroyl purine pyran
pyranose pyrazine pyrazole pyridazine pyridine pyrimidine
pyrole qguinazoline quinaline quinoxaline rauwolfia ribose
steroid succinimide thiadiazole thiazole thiepin  thiophen
tocol vitaminAcore xanthen
Fragment: min:_ max:_ none: [ any: [ :@

Select chemical fragment pattern

PDBeChem : Molecule

1 results
Stereo
RecordCode Molecule name Formula SMILES Obsoleted
1- (2-
CYCLOPROPYLETHYL)-
:132(14_1 DIOXIDO- 2H- C21 Hi8
1 NN2 grrZOTHIADIAZIN-3- E N304 o5
YL)- 6- FLUORO- 4- ",

HYDROXYQUINOLIN-
2(1H)- ONE

Choose your fragment
of interest and click
“OK” to close this
window and return to
the main search page.
Now click on the
“Search” button on the
PDBeChem page.

The results will contain
all known compounds
that contain this

fragment.

This ends our tutorial on PDBeChem. We hope you found this useful and will be

able to use this tool in your future research and analysis. Feel free to explore this

service with compounds of your interest. If you need to get in touch with the
PDBe regarding any aspect of this service, please email pdbehelp@ebi.ac.uk and

we will try to assist you in any way possible.
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