BBeaeHre B xumMmiecKyro HH(POPMATUKY

Aexuumu 2-3

Data search
Data extraction
Data analysis

K Data filtering /




XVMNUYECKAA NTH®OPMATUKA:
HEKOTOPBIE BOBMOKHOCTU ITPMUMEHEHMA METOAOB

Structure predicting

~

Post-processing and

analysis of data from Screening
physical-chemical compounds with
methods of research tailored properties

Co-joint applying

cheminformatics, ~ Exploring
quantum chemistry microstructure and
and molecular morphology of
materials

dynamics

Experiment design
and experimental
data analysis
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XUMHNUECKAA NTH®OPMATHKA:
B3AMMOCBSA3b CTPYKTYPA - CBOMICTBO

Coco6

IIPEACTABACHUA MeToAbI Anaans
COop m moAroroBka peA /

OITCaHUA MAaIIlIMHHOI'O IIOAYYCHHBIX

COEAMHEHUI UAN obyueHus pe3yAbTATOB
MATEPUAAOB

AAHHBIX

C60p ¥ NoAroToBKa AaHHbIX

C6op M NpoBepKa aKCNepPMMEHTaNbHbIX AaHHbIX (MOMCK B 6a3ax AaHHbIX UK U3B/eYeHne MHPopmauum 13
Pa3/INYHbIX WCTOYHMKOB, NPEeABAPUTENbHbLIA aHaNM3 KOPPEKTHOCTM W MOAHOTbI AaHHbIX, OAMHAKOBbIE
3KCNEPMMEHTa/IbHbIE YCNOBUA MONYYEHUA WAW BBEAEHWE [AOMONHUTENbHbIX MapPaMeTpoB, YyAaneHue
He)KenaTeNbHbIX COeANHEHWUIM, HOPManuM3auusa cneunmduyeckMx XemoTUNOoB, TayTOMEPOB, BOCMOJHEHMue
NPONYLLEHHbIX AaHHbIX)




ABTOMATHNYECKHWE N3BAEUEHHWE 1 ObPABOTKA
NHPOPMAIINN

Information Retrieval and Text Mining Technologies for Chemistry
Martin Krallinger et al Chemical Reviews 8017 117 (1), 7673-7761 DOI: 10.1021/acs.chemrev.6b00851




OIITUUYECKOE PACITIO3HABAHUE (OPTICAL COMPOUND
RECOGNITION)

H3BaeyeHUe CTPYKTYpHON HH(OPMAIUHM U3 PUCYHKOB M H300pPA’KEHHU XHUMUYECKHX CTPYKTYP,
IIPEACTABA€HHBIX B BUAE€ IU(PPOBOr0 PaCTPOBOro U300pakeHuA.

ITpeo6pazoBanne

ITocr-porteccuHr
M300pasKkeHUA B

Anaamn3 obaacren
MOAEKYAAPHBIX

LR ILT Y

TEKCT U 00AaCTU

rpacdpuxku

rpacgpuxku

OCHOBHBIE 3TAIIbBI:

1. IlepeBoA M3006parkeHNA B OTTEHKU CEPOro M OMHAPU3AITNA, KAACCH(PUKAIIIA KAXKAOTO ITMKCEAA

2. CeI‘MeHTaHI/IH I/ISOﬁP?DKCHI/IH AAA Pa3A€ACHHUA TEKCTA U Ipa(bHKH, CKAaHHUPOBAHHUE U OIIPEACACHUE CETMEHTOB KaK
CBA3aHHBIX KOMIIOHCHTOB, YAAACHHUC IITyMa

3. Paco3HmaBaume aToMOB M CBA3€M OCHOBAHO HAa AATOPUTMAX ITOUCKA COYCTAHUA AUHHUH U CHUMBOAOB: IIEPEBOA B
BEKTOPHOE€ IIPEACTABACHINE, PACIIO3HABAHUE 0003HaUeHNA ATOMOB U 3apAAOB C y4Y€TOM (bI/IKCI/IpOBaHHOI‘O
MAKCUMAABHOI'O 3HAYE€HUA BBICOTHI U INWPUHBI CHMBOAQ, CYIIIECTBOBAHUA ABYX CHMBOAOB C TOPHM3OHTAABHBIM HAU
BEPTUKAABHBIM BBIPABHUBAHUEM 1 CHMBOAOB «t+» «-», paCItIoO3HA€TCA THUII CBA3U.

HamnpasaeHna AAaAPHEMINEro pa3sBUTHA:

K/
0‘0

O6paboTka HEUNTAEMBIX CHMBOAOB

K/
‘0

L)

Pabora ¢ TabAuniamu
PaGora c 60ABIIIMI MAKPOMOAEKYAAPHBIMHA CTPYKTYPAMH M CAOYKHBIMU IIUKAAMH
PacriosHaBanne XUMHYECKHUX TAOAUIT MAU PeAKITHIA

%

4

K/
0‘0

Information Retrieval and Text Mining Technologies for Chemistry
Martin Krallinger et al Chemical Reviews 2017 117 (12), 7673-7761 DOI: 10.1021/acs.chemrev.6b00851




BA3bI AAHHDBIX: ABTOMATHNUYECKOE ITOTTOAHEHMWE

software

AsteriX web serv-
er

ChemEx

Cheminfty

chemOCR (chem-
ical optical char-
acter recogni-
tion)

ChemReader

CLiDE (chemical
literature data
extraction)

D2S

IBM OROCS
(optical recogni-
tion of chemical

graphics)
IMAGO OCR

Kekulé

MLOCSR

OSRA

approach

reconstruction of 3D ligand coordi-
nates from 2D images

extracts compound, organism, and
assay information; uses OSRA

mathematical OCR (includes two
engines), supporting Markush rec-
ognition

expert rules and supervised leaming
methods

machine vision approach

image processing and artificial intelli-
gence

supports CLIDE, OSRA, and Imago

image processing, ability to recognize
images containing structure diagrams
in documents

image processing and lexicon-based
abbreviation expansion

image processing and rule-based logic,
with manual marking of structure
diagram regions

combines a low-level processor with
Markov logic (to reason about the
Jow-level entities and relations);
images with tables and/or reactions
are not supported

image processing, character/string
recognition, various connection table
compilation, and confidence estima-
tion

input
PDF

reads full-text papers, and recovers SMILES and MOL from
structure images

image formats

BMP, GIF, PNG, and multipage TIF

image formats

documents of the following types: PDF, DOC(X), and
HTML; images files: BMP, GIF, JPEG, JPG, JPE, JIF,
PBM, PGM, PNG, PNM, PPM, TIFF, TIF, XBM, and
XPM

documents in PDF, TXT, HTML, XML, and MS Office
formats (e.g, DOC, DOCX, PPT, PPTX, XLS, XLSX),
OpenOffice ODT, embedded structure objects (e.g,
ChemDraw, SymyxDraw, MarvinSketch), and images in
TIFF and BMP formats

image formats

PNG, JPEG, BMP, DIB, TIFF, PBM, RAS

1S1S, MOLfile, ROSDAL, and Kekulé's native format

image file (jpg png jpeg and TIF supported)

image file (gif, jpg png jpeg tif, pdf, and ps supported)

outputs

visualization via graph-
ical user interface and
exportation to XML

SDF, MOL

SMILES, SDF

ML, SMILES

various export options
(e.g, can be directly
transferred into chem-
ical editors), depends
on the version

MRV (Marvin docu-
ments), ML, SMILES,
MOL

MOL

MOL

ISIS, MOL, SMILES,
ROSDAL, and Ke-
kulé’s native format

MOL

SMILES, SD files

availability

free for academic use

free

commercial

commercial

commercial

commerdial

several commercial and free
licenses

commercial

free (GPL-licensed but pos-
sible to purchase a com-
mercial license)

no longer commerdially
available

system is available as a web
server at http://mlocsr.
dinfo.unifi.it; standalone
distribution is currently
under development

open source

Information Retrieval and Text Mining Technologies for Chemistry

URL

http:/ /swift.cmbi.ru.
nl/bitmapb/

http:/ /www.biotec.or.
th/isl/ChemEx

http:/ /www.
inftyproject.org/en/
ChemInfty

http:/ /www.scai.
fraunhofer.de/en/
business-research-
areas/
bioinformatics/
products/chemocr.
html

http:/ /www-personal.
umich.edu/kazu/
research-areas.html

http:/ /www.
keymodule.co.uk/
products/clide/
index.html

https://www.
chemaxon.com/
products/document-
to-structure/

not available

http:/ /lifescience.
opensource.epam.
com/imago/

http:/ /aig.cs.man.ac.
uk/research /kekule/

http:/ /mlocsr.dinfo.
unifi.it/

https://cactus.ncinih.
gov/osra/

Martin Krallinger et al Chemical Reviews 2017 117 (12), 7673-7761 DOI: 10.1021/acs.chemrev.6b00851




ABTOMATHNYECKHME M3BAEUEHME 1 OBPABOTKA

“*IIpeoGpasoBanne  AOKyMeHTA
(mporpaMMaMB  OIITUYECKOI'O
pacro3HaBaHMA)

*» ITpoBepka THMIIA KOAUPOBKH

s»CermeHTanusi AOKyMEHTa HA
TIOAPA3AEABI u MOUCK
He00XO0ANMOM nHoOpMaUH
BHYTPH BBIA€ACHHBIX

cekuuii/maparpadgos
% @parmeHTAIMA HA OTAECABHBIE
npeasockeHusa (B YACTHOCTH,
npu IIOMOIITH

MAIIMHHOT'O O0y4YeHWs)

METOAOB

s*PazaeaeHHE HA  OTAEABHBIE

cAOBa/TepMHUHBI — TOKCHU3 AL
< Uuaexcamma AOKYyMEHTA
(BBIA€ACHUE KAFOYEBBIX CAOB) M
OLIPEACACHHE €r0 IIPHOPUTETA
IIPU IOMCKE II0 KAFOYEBBIM

CAOBaAM

NMHPOPMAIINU

A Collect documents

PMID:20205530

T PmiD: 11348857

PMID:10529657
Effects of organic anions and

vinblastine on biliary excretion
erythromycin in rats

of

B Tokenize C Normalization D Term sequence E Term Sorting
doclD:3 Term DoclD Term DoclD
effect 1
doclD:2 of 1 and 1
y Effects 40¢/P1 [effect docio:1| |organic 1 ::E)n ?
| S oxl Of _— : biliary !
9 organic o biliary 2
off anions anion vinblastine 1 LY
oH and o 1 cefpiramide 3
i vi . and 4 distribution 1
alf vinblastine vinblastine biliary 1 offect 1
I injon on excretion 1 erythromycin 1
| :2 bmaryr biliary of ' 1
e;(cre ion excretion erythromycin 1
o in 1
A of
9ry1hromycm erythromycin rg! 1
in in biliary 2
rats rat excretion 2
e —— of .
e ——
F Merging
Term Doc. freq. Postings lists
and 2)l— [1]—(]
anion 1= it L]
biliary 2|— []—[2]
cefpiramide [1]—> [3] """ | .
distribution|1 }— [1] : -
effect 1> 1_ Posting list
erythromycin|[ 1 }—> 1] ! (sorted by
= DoclDs)
Dictionary Postings
Inverted index

Information Retrieval and Text Mining Technologies for Chemistry
Martin Krallinger et al Chemical Reviews 2017 117 (12), 7673-7761 DOI: 10.1021/acs.chemrev.6b00851




ABTOMATHNYECKHME M3BAEUEHME 1 OBPABOTKA
NMHPOPMAIINU

Rules/
patterns
ey
Ser Chemical
of rules DA B e e
; \ | ; Post-processing
= ] =
Raw data Pre-processing Entity detection = S——
Abbreviation Entity
N ! . Intit)
- - detection =
i . Feature extraction ! "'N, - = modification
Text cleaning p— o . o : H Stop words
AR ort orthograpnica A& 8
Sentence splitting o Filtering rules
Tokenization lx, eion ComeEn
. / ord shape
Spell checker :': - —
POS tagging f oy P —- Resulr formarting
Lemmatization B . oo
. . CRI SVM Entity tagged text
Stemming HMM
Case folding Bayesian Model

Information Retrieval and Text Mining Technologies for Chemistry
Martin Krallinger et al Chemical Reviews 2017 117 (12), 7673-7761 DOI: 10.1021/acs.chemrev.6b00851



ABTOMATHNYECKHME M3BAEUEHME 1 OBPABOTKA
NMHPOPMAIINU

chemical NER/indexer
BANNER-CHEMDNER

BC4-CHEMDNER Uni. Wuhan
CER

becas-chemicals
ChemEx
chemicalize
ChemicalTagger
ChemSpot

chemxseer-tagger
CheNER

Cocoa

lice
LeadMine

MetaMap

NCBO Annotator (ChEBI
ontology)

OntoGene

Oscar3
Oscar4
tmChem
Whatizit

description
CREF-based systematic chemical tagger
CRF-based systematic chemical tagger

online CRF-based chemical/drug tagger

entity tagger integrating ChemicalTagger

commercial CER system

chemical NLP tool

hybrid (CRF and dictionary) chemical
tagger

CRF chemical tagger

CRF-based systematic chemical tagger

hybrid (manual rule/dictionary) chemical
tagger

online chemical entity and relation tagger

hybrid (manual rule/dictionary) chemical
tagger
tagger for UMLS metathesaurus concepts

online tagger of OBO ontologies (incl.
ChEBI

online chemical tagger (incl. lexical
lookup)

naive Bayesian model-based CER tagger
modular adaptation and update of Oscar3
CER and normalization using CRF
online tagger or entities (incl. chemicals)

URL

https://bitbucket.org/tsendeemts/banner-chemdner
https://github.com/zuiwufenghua/biocreative CHEMDNER

http://bioinformatics.ua.pt/becas-chemicals/
http://www3a.biotec.or.th/isl/ChemEx/
https://chemicalize.com
http://chemicaltagger.ch.cam.ac.uk

https://www.informatik.hu-berlin.de /de/forschung/gebiete/wbi/resources/
chemspot/chemspot

https://github.com/SeerLabs/chemxseer-tagger
http://ubio.biocinfo.cnio.es/biotools/CheNER/
http://relagent.com/Tech.html

www lasige.di.fc.ul.pt/webtools/iice/

https://www.nextmovesoftware.cnm/leadmine.html

https://metamap.nlm.nih.gov
http://bioportal.bioontology.org/annotator

http://www.ontogene.org/webservices/

http://www-pmr.ch.cam.ac.uk/wiki/Oscar3
https://bitbucket.org/wwmm/oscar4
https://www.ncbi.nlm.nih.gov/CBBresearch/Lu/Demo/tmTools/#tmChem

http://www.ebiac.uk/webservices/whatizit/info.jsf

Information Retrieval and Text Mining Technologies for Chemistry
Martin Krallinger et al Chemical Reviews 2017 117 (12), 7673-7761 DOI: 10.1021/acs.chemrev.6b00851




DEEP CNN-RNN ARCHITECTURE FOR CHEMICAL NAMED
ENTITY RECOGNITION

SLEIEIIDINE S Neural networks
corpus
Ten thousand abstracts from Three types of neural
eleven chemistry-related fields of networks:
science with over 84k manually one-dimensional (1D)
annotated chemical entities (20k convolutional neural Detecting
unique) of eight types: networks (CNN), recurrent stitch points

neural networks (RNN) and
* ABBREVIATION

(15.55%) time-distributed dense | Classifier with
* FAMILY (14.15%) (fully-connected) networks L_binary output to
+  FORMULA (14.26%) (IDD). recover target
- IDENTIFIER (2.16%) tokens

«  MULTIPLE (0.70%)

*+  SYSTEMATIC
(22.69%)

* TRIVIAL (30.36%)

*  NO CLASS (0.13%)

Korvigo et al Putting hands to rest: efficient deep CNN-RNN architecture for chemical named entity recognition
with no hand-crafted rules J Cheminform (2018) 10:28




VIRTUAL SCREENING OF INORGANIC MATERIALS SYNTHESIS
PARAMETERS
WITH DEEP LEARNING

Extracted synthesis data
(sintering and calcination temperature and time, method of synthesis, solvent)

Reconstructed Synthesis Vectors Non-Augmented Data SR i
Canonical Synthesis Vectors (High-di bl D
(High-dimensional) gl dimenaong ‘

v

Latent Synthesis Vectors
(Low-dimensional) 3 3 BaliOs !
Word2Vec Contextual Neighbor Sampling SITiOs
PBTIO CaTiOs

SrTiOs

lon Substitution Similarity Ranking .BaTégicioTao
ahs

Augmented Data SrTiOs3, BaTiOs3, PbTiO3, CaTiOs, ... Syntheses
k Low-dimensional Latent Synthesis Space j

* Defects engineering strategy
* Searching for common hidden materials behavior
* Structure predicting or elucidating

* Synthesis optimization, experiment design

Kim et al Virtual screening of inorganic materials synthesis parameters with deep learning
npj Computational materials (2017)3:53




BIG-DEEP-SMART DATA IN IMAGING FOR GUIDING
MATERIALS DESIGN

Pa3aungyHbIe BUABI CKAHUPYIOMIEN 30HAOBOI MUKPOCKOIIHH:

Functional Dynamic Controlled
matter matter matter

Static matter

(iiy L

AHAAU3 AOKAABHOI CTPYKTYPEL MATEPHAAQL
AHAAU3 IOBEACHUA MATEPUAAA B AUHAMUKE
AHAAU3 9AEKTPOHHON U ATOMHOH CTPYKTYP

S. Kalinin et al Big—deep—smart data in imaging for guiding materials design
Nature Mater (2015) 14 973




AHAAV3 AOKAABHOI CTPYKTYPbI MATEPHAAA: UCITOAB3OBAHUE
METOAOB I'AYBOKOI'O OBYUEHMA

BosmoxuOCTH:

"  AHAAHU3 KPUCTAAAHYECKUX PEIIETOK U CTPYKTYPHI U THIIA Ae(DEKTOB
"  VToYHEHUE THIIA CTPYKTYPHI

" ]IsBAcycHUE 3HAYNMBIX CTPYKTYPHBIX/ XHMHYECKUX 11APAMETPOB

(O6yanOIHHfI HA0OP AQHHBIX
(ICKyCCTBEHHBIE AAHHBIEC,
MUMHEKpupyroue Aanasie STEM):
" JlAeaAbHAS KPUCTAAAMYECKASA PEILIETKA
" Pemrerka ¢ IPUCYTCTBUEM BAKAHCHH
\" ATOM-AOIAHT € OOABIIHM ATOMHBIM J
@ = )
>_<_ /O<Z> * Finding atomic positions from raw experimental data
al b O » Pixel-wise recognition of atomic defects and lattice reconstructions
a \o<o> * Possible chemical structure-related interpretation of output
X ¢
\__& J
[ Identifying “not-seen” defects: \

Stone-Wales defects in graphene Discriminating vacancy
FCN (‘dopants’) [l FCN (‘acancios’) DWSE o -t

Maxim Ziatdinov et al Deep Learning of Atomically Resolved Scanning Transmission Electron Microscopy Images:
Chemical Identification and Tracking Local Transformations ACS Nano 2017 17 (12), 12742-12752



CONVOLUTIONAL NEURAL NETWORKS

INPUT
28x28

Specific
characteristics:

= |ocal connections
= shared weights

= pooling

= using many layers

feature maps

feature maps
4@24x24

4@12x12

|I° 'u,,
O

feature maps feature maps QUTPUT
26@1x1

12@8x8 12@4x4

Convolution layer

|
~

Pooling

|
/

Fully connected layer

|

32

=~00000]

32

Single depth slice
ol 2 |4

7

max pool with 2x2 filters
and stride 2 ‘

5|6
3|2
1 |2

1
3

y

8
0 3 4
4

zg wy

5 . @ synapse
axon from a neuron
woTo

output axon
activaton
function

NapameTpbl meToAa:

*  Yucno ¢punbtpos

=  Pasmep ¢puabTPOB

= |War

= YepepoBaHue cnoes




PABOTA C XUMMNUECKVMM BASAMU AAHHDBIX

Buabl moncka B xummnueckux 0a3ax

AAHHBIX

[Torck MACHTHIHON XUMHYIECKOU CTPYKTYPEL
[ToACTPYKTYpPHBIN ITOUCK

HaAcTpyKTypHEBIN ITOUCK

[Touck 10 MOAEKYAAPHOMY ITOAOOHIO
[Touck o 3apanHOMY (papmakodOpy

ITowuck o 3aAaHHDBIM KpI/ITepI/IHM, KAFOYECBBIM CAOBaM




ITONUCK UAEHTUUHON XUMHUUECKOM CTPYKTVYPHI

AApTEpHATHBHOE IIPEACTABACHHE (PYHKIIMOHAABHBIX I'PYIII

Tayromepusn Crepeousomepusn

0 0
H Ne— (f‘,«H
H—C—H
| f




ITOVICK UAEHTHUUYHOM XMMHNUECKOI CTPYKTVYPBbI:
AABTEPHATHNBHOE ITPEACTABAEHUE XUMNUYECKHUX I'PYIIIT

Preferred Not Acceptable Correct Incorrect

O O
' [l

Salts and /IOL Na® /lOL i Nitro I
- N,
lonic Bonds o- SNa e Group ©/N\O_ ©/N\\O
0 0

Nitro ) * o Nitrogen

+ 2+ i i [

Compounds /N\O" /N\\o /N\O" Oxides N

| g

Nitrogen (P“ ﬁ = =
Oxides ' N
| |
NN NS

Hahnke et al PubChem chemical structure standardization ] Cheminform (2018) 10:36



IOV CK UAEHTUUHOM XMMHNUECKOIM CTPYKTVYPDI:
TAYTOMEPUA

Different valence bond structures

N Xy HNTN HNTXINH === Tautomers
) l = >_/ ——= Protonation States
B —= Resonance Forms

—— Kekule Structures

——
—_———

9

O:@:O
HO—@—OH
A

Redox Forms

Forms of Quinone

Kekule Structures

O—O]

~

Forms of Histidine
A B C
AN AN 2N
T N7 NH HNZONH | HNTSN 7 “NH NN . NTON @ — @ AN HN” NH
Differing ) ) R N AR S 2 X N
Bond Orders identical _ — =
T WOUEY 2 ry c210 c400
Differing N11( N300 _N21( N30 N300 N210 N2107 naoo || N200T SNt10 o M _N‘ N identical N11C N3
Valence States - - )Z/
», . )
Protonation States Tautomers Resonance Forms Kekule Structures Redox Forms
A B c D F
relation substitution type condition

kekule none

ionization protonation A(D = A) # A(A - D)

protonation protonation A(D - A) = A(A - D)

mesomer resonance A(D - A) = A(A = D)

tautomer tautomer A(D = A) = A(A = D)

redox resonance A(D = A) # A(A = D)

tautomer A(D = A) # A(A - D)

Urbaczek et al The Valence State Combination Model: A Generic Framework for Handling Tautomers and Protonation States JCIM (2014), 54, 756—766
https://docs.chemaxon.com/display/docs/Tautomerization+and+tautomers




TTOUCK UAEHTUUHOU XUMHUUECKOU CTPYKTYPHI:

TAYTOMEPUA

Criteria for the generation of additional states

Acc

-

The generation of tautomers

N Don Don PN Acc Acc 4\ Don 5
<3 N210+7" N300  N3007 “YN110 N1107" ~N300 requites at least one
| P )=/ — = tautomer acceptor and one
A B C tautomer donor in a zone.
Tautomers number of bonds
single / double / triple
Acc PAN Acc Acc PN Don Don PN Don \ l /
z
N1107" “N200-  N110%7 N300  N210+7 N300 Element —>- N210+ ) <— £
- . - . _ ——— arge
HN&NH'
\ Protonation States J /

Input Molecule

ﬁ.

5. Chemical Scoring (Example)
HN J HN J

QN QN H

\ Y =

2. Partitioning 3. Selection of Valence States 4. Generation of Solutions

\\\\\

=

i(J

HO 0 NH

6. Enumeration of Solutions |J \" —+1

O O NH:
N—\\ N—\\ )
N N
0 L0 +
N N

! I )




OnTuyeckad USOMEPUA B OIpar-ousanHe

N~ N

(S)-umranonpam (R)-umnrasonpam

\ MHTUOUTOP 00PATHOTO 3aXBaTa CEPOTOHUHA, /

Ieserca™ - palrleMuUyecKasd CMECh IBYX CTEPEOHM30MEPOB, U3 KOTOPHIX TOJIBKO (S)-
IIUTAJIOIIPAM OKAa3blBAET TEPAIIEBTUYECKOE BOSIEHUCTBUE,
YuceThl# (S)-1muTajionpaM - Jlexcarrpo™

R/S ob6o3HaveHUA aOCOJIOTHOM KOHMUIYPAIIUU OIPEIEJIAI0TCA B COOTBETCTBUHM C IIPABHJIOM
Kanra-Uuronpna-IIpesiora, peryJjaupyrOIINX CTAPIINHCTBO SaMECTUTEJIEN Y XUPAJIbHBIX aTOMOB

R - rectus (J1aT) — IpaBbliA
S - sinister (J1aT) — JIEBBIA

IIprmopuTeThl aTOMOB: -OCHZ > -OH > -NH2 > -COOH > -
CHO > -CH20H > -CH3 > -H

II. HestbcoH, M. Koxc "OcHOBE] 6uoxuMun JIeHuHI#epa” Bumom 2012



STEREOCHEMISTRY IMPACT ON THE PERFORMANCE DIVERSITY OF
A COLLECTION OF SYNTHETIC COMPOUNDS

Stereospecific C—H arylation Appendage diversification

A
o\ ? *HN-N N-N
. 2 OH '\\OH ol :\ hi L)
A A B
“—NH [—P‘IH N \T,,,« \ ,,\7 8"7/,-\
/ ) D )
(SH1 (R « 1 & &/
| - OH »\_(on N \['(70" ~\__/OH
- - |
= /= NH, CI LN NH,C1 —N
v (¢ ' -0 Br, A\ =8
a1 :&‘-\ Q (L 2 la 1 i =\ 7 F
o3\ . < \ t-BuO &\ / - HN \
H N/ [ H N= 10 Ny (‘ou N2 8 1>
| / ni
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average activity score

STEREOCHEMISTRY IMPACT ON THE PERFORMANCE DIVERSITY OF
A COLLECTION OF SYNTHETIC COMPOUNDS
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ITOATOTOBKA AAHHBIX: ITPOTPAMMHOE OGBECITEUEHUE

procedures software

inorganics removal ChemAxon/Standardizer
OpenEye/Filter

structure normalization (fragment removal, structural curation, salt ChemAxon/Standardizer

neutralization) OpenBabel

Molecular Networks/CHECK, TAUTOMER

duplicate removal ISIDA/Duplicates
HiT QSAR
CCG/MOE

SDF management/viewer file format converter ISIDA/EdiSDF
Hyleos/ChemFileBrowser
OpenBabel
ChemAxon/MarwinView
CambridgeSoft/ChemOffice
Schrodinger/Canvas
ACD/ChemFolder
Symyx/Cheminformatics
CCG/MOE
Accelrys/Accord
Tripos/Benchware Pantheon

Fourches et al Trust, But Verify: On the Importance of Chemical Structure Curation in Cheminformatics and QSAR Modeling Research JCIM 2010 50 (7),
1189-1204




ITOAI'OTOBKA AAHHDBIX

Configuration —

Preparation —

Analysis —

Y =,

O N—/

N/
"/

Molecular database
Ready for VS

:

Virtual Screening

Configuration @ E

file

— —

Read

g g

Standardize
—— N
Filter

=

Remove
duplicates

S

Enumerate
tautomers

o —

Create subsets

— —

Enumerate
sterecisomers

e e=s

Generate 3D

S S

Write

F 8y

Molecular
Database
(SDF, Smiles, ...)

Graphical reports

Reading:

removing entries with missing or
ambiguous structures, removing salts,
mixtures processing

Standartization:
bonds aromaticity normalization,
determining  canonical  tautomer

form, unique representation of

chemical groups
Filtering:
removing charged carbonic atoms,

isotopes and inorganic atoms

Removing duplicate structures:
InChiKey as criteria

Tautomers enumerating

Stereoisomers enumerating

Gally et al VSPrep: A General KNIME Workflow for the Preparation of Molecules for Virtual Screening Mol Inf (2017) 36, 1700023




ITOATOTOBKA AAHHBIX: ITPOTPAMMHOE OGBECITEUEHUE

Open for Innovation ®
= @ KNIME Analytics Platform - /Users/natalia_kireeva/knime-workspace

™9, L K = 1
= A SETKNIME_project 33 @e Description 33 =

| KNIME Explorer 53 A lpaduueckmm penakto
- P BB pad PEA P UHpopmauma o moayne

Reader i riptor Cal i
» £ EXAMBLES (knimo-guest@http://publicserver.knime.org:80/tomee/eit SOF RDKit From Molecule  RDKit Aromatizer ooy oo RDKit Descriptor Calculation
¥ £,LOCAL (Local Workspace) c2 o o5 > y o> Calculation
- " S0F -
» [ T|Example Workflows > »> E ~
A KNIME_project - " » o » Haxartue npaso# This node is used for calculaing the descrptors
Node 1 Node 2 Node 3 i KNaBULLIM MbilUU — AOCTYFI for each molecule in the input table. The user has
Node s the optien to choose which descriptors need 1o be
MEH'O n pOEKTOB K OCHOBHbIM ¢YHKLI,MHM calculated and the calculated descriptor values for
) Configure. each molecule in the input table are shown in its
Execute own column in the output table
&) Workflow Coach 33 B =8 Execute and Open \
Cancel
Node recommendations only available " R: _..E
'KpaCH b (I—!EFOTOVJ 2 ‘--b* 2 Detort Molecule column
AARAAAANA dit Node Description
u “ x f i nput tabl
oHenTbi (:'CTOE) #8 New Workflow Annotation The name of the column in input table
= Sirarc containing RDKit molecules.
3 ~ (BblﬂOﬂHeH) Collapse etanode
Node Repository 'Q v = e/1eHbln | Encapsul to Wrapped Metanode Available descriptors
| Select Loog
» M, Other Data Types 2 The list of descriptors that are available for
» <) Structured Data Cut calculation.
- tion.
» (=) Scripting Copy
» v, Worktlow Cantrol Paste t
- > ~ ~ 5
> ¥ Chemistry Penosutopuit moaynemn Undo
» £ ChemAxon / Infocom VW IAIARASaaaaN Redo Input Ports
¥ 40 Community Nodes Delete
» (L COK / 0 Table containing RDKit Molecules
> EMBL-EBI =
» i Erlwood Nodes 5% Outline 53 =) || ] Console §2 o [ BE ™~ G e o=
» 1, Lhasa Limited Rt KoHconb ¢ BbIBOAOM COOBLLEHNA
v © roKit B = T e T e P T T T e
» @ Converters - - = e Welcome to the KNIME Analytics Platform v3.3.1.v201612192115 s
>eModilxers = s Copyright by KNIME GmbH, Konstaonz, Germany smo
v @ calcuiators U A S AR AN S S
P RDKit Descriptor Calculation Log file s located ot: /Users/natalia_ki V:Ff‘\/ﬂ/kﬂ\!’e-ﬁo"kﬁ,’)ﬂ(‘?/ .metadata/knime/knime.log
@RDKM Calculate Charges WARN SDF Reader @:1 Ne e selected
. WARN ROKit Aromatizer e:3 Auto guessing: Using column Molecule (RDKit Mol).

> e Geometry
» @) Fingerprints
> e Fragments

WARN RDKit Descriptor Calculation 0:4 Auto guessing: Using column Molecule (RDKit Mol)

https://www.knime.com




ITIOACTPYKTYPHBINM ITOUCK (SUBSTRUCTURAL SEARCH)

[Touck coeAMHEHNIT, COAEPKAIIIUX AAHHYIO MOAEKYAY KaK IIOACTPYKTYPY
)
O
| N
0]
N

NB: Ha puc. IpeACTABACHA CKEAETHAA CTPYKTYpHAsA POPMyAa, TA€ HE OTOOPAKAFOTCA CBA3U YIAEPOA—BOAOPOA, 4 TAKKE ATOMBI
BOAOPOAA U yraepoaa. Ha aTtom yraepoaa ykaseiBaeT M3AOM LIEIIH MAH €€ OKOHYAHUE, ECAU K HEMY HE IIPHCOCAMHEHA KAKafA-AHOO

HC yTACBOAOpOAHaH rpynna.

PCQAI/ISQ.L[I/IH IIOACTPYKTYPHOTI'O IIOMCKa:
*[Tonck nzomopduoro moarpada (PeKypCUBHBIT OOXOA C OTCEYECHUEM, CMBIKAIOIIIEECH ACPEBO)
*ITOACTPYKTYPHBIH ITOMCK C HCIIOAB30BAHHEM MOACKYASPHBIX OTIIEYATKOB IIAABIICH




ITOACTPYKTYPHBIU ITOKMCK C UCITOAB30OBAHHUEM

MOAEKYAAPHBIX OTITEUATKOB
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Caafia u3 Kypca Aeknuii mpodeccopa A. Bapreka
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ITONCK 11O MOAEKYAAPHOMY ITIOAOBHIO

boaee oOmuit kpurepuil CTPYKTYPHOIO CXOACTBA MOACKYA OCHOBAH HAa KOAHYECTBE PAa3AUYHBIX (DPArMEHTOB,
KOTOPBIE IIPUCYTCTBYIOT OAHOBPEMEHHO B OOCHX MOAEKYAAX.
[Torck MOAEKYA IO TAKOMY KPUTEPHIO HA3BIBACTCA IIOUCKOM IO MOAEKYAAPHOMY HoaoOuro (Similarity Search).

[IpuHITUII MOAEKYAAPHOTO HMOAOOHA (CXOACTBA): CTPYKIYPHO CXOKHE MOAEKYABI IPEAIOAOKHUTEABHO OOAAAAIOT
CXOAHBIMH OMOAOTHYECKUMH CBOHCTBAME

\ \

N

N

e .
o —0 o OH

HO

OH

Morphine Codeine Heroin

Onmater




AHAAN3 CXOACTBA/PASHOPOAHOCTHMA

\

(XHMH'ICCKOC H MOAEKYAAPHOE CXOACTBO

XyMHU4eCcKoe CXOACTBO — OCHOBAHO Ha (PU3UKO-XHMMHYIECKHAX
XaPaAKTEPUCTUKAX COEAUHEHU (PACTBOPUMOCTE, TEMIIEPATYPa
KHUIICHHA, MOAEKYAAPHBINA BEC, ALIIOABHBIC MOMEHTBI, SIACKTPOHHAA
MAOTHOCTB)

MoaeKkyAApHOE CXOACTBO — CTPYKTYpPHAA XapaKTepucTuKa (obmiue
TPYIIIbI, TOIIOAOTHA)

N

r

.

~N

Bbuosormueckoe cxoAcrBo

Paszanune «6uosornueckux moamnucein» («biological
signatures») — oIleHKa OMOAOTMYECKOIl AKTUBHOCTH
COCAMHEHHH M0 PAAY MUIIEHEH (XMMHYECKOe MPOCTPAHCTBO ->
IPOCTPAHCTBO MHUIIICHE)

Mol. LogP Rotatable | Aromatic | Heavy q
Chemical weight bonds rings atoms
similarity A 341.4 5.23 4 4 26
463.5 4.43 4 5 35
Molecular
similarity J=
NN ,."\lr A
ZD N ™"
similarity A 8 N
3D
similarity
A B
Vascular endothelial Tyrosine-protein kinase TIE-
Biological growth factor receptor 2 2
similarity A active inactive
B active active
Global
similarity
Local similarity

o
s

I'A0baabHOE M AOKAABHOE CXOACTBO

AoKaABbHOE CXOACTBO — IPUCYTCTBHE ONPEACACHHBIX I'PYIII
I'r06asbHOE — CXOACTBO 110 00IIIEMY OIMICAHUIO BCEI CTPYKTYPBI

. J

Maggiora et al., JMC, 2014, 57, 3186-3204




CTPYKTYPHOE CXOACTBO: HAMUBOAEE UACTO NCITOAB3YEMBIE B
XUMHNUECKON NTH®OPMATUKE KOD®PUITUEHTBI CXOACTBA (ITOAOBIA)

r D
AeCcKpUIITOPHOE OIINCAHUE AAHHBIX
CrpykrypHOE
CXOACTBO < Kosdpdunmenrt nmopodus q
Metpuxa
. o
A B

1010001001110110101

0010001001110110101

Tanimoto Cosine

s(x,y) =

aa—c)+pb—-c)+c

Tversky




DO NOT HESITATE TO USE TVERSKY AND OTHER HINTS FOR SUCCESSFUL
ACTIVE ANALOGUE SEARCHES WITH FEATURE COUNT DESCRIPTORS

T L N

= 1

AwuraHA®I C
BAPHUATUBHOCTBIO B

. ¢
: »* . { _
= - % 3 | . TOIIOAOTHH U
. = e &= dapmakodoprom
5 = : : » OIIUCAHUN

\ PIM1 kinase /

» « A K :
e Scaffold
' hopping
h [
\

\ Neurokinin 1 —

dx.doi.org/10.1021/¢i400106g J. Chem. Inf. Model. 2013, 53, 1543 — 1562




BCET'AA A1 PAGOTAET ITPUHIINII MOAEKYAAPHOI'O ITOAOBUA?

NaHAIITAdT AKTUBHOCTH
OOBIYHO OIIPEACAACTCA KaK AFOOOE rpadpuIecKoe IIPEACTABACHHE, OObEAUHAIOIIEE MOACKYAIPHOE IIOAOOHE U

B3aMMOCBA3b MCKAY 3HAYCHHUAMHI AKTHBHOCTH COCAI/IHCHI/IfI

activity cliff

activity

descriptor y

Caaia n3 kypca aekmuit mpod. FO. Baitopara



AAHAIITA®T AKTMMBHOCTM

continuous SARs discontinuous SARs

[Tocrerrennoe wm3MeHEHHE B CIPYKType IpuBoAuT k  HeOoapiime wsmeHeHUA B CIPYKTYpE
IIOCTEIIEHHOMY M3MECHEHUIO B aKTUBHOCTHU IIPUBOASAT K 3HAYUTEABHBIM
“xoamer” (G. Maggiora) N3MEHEHUAM B 3HAYCHUU AKTHUBHOCTH

“obprissr’ (activity cliffs)

Mupeke aapamadra aktusrocTn (Structure-Activity Landscape Index):  SALI; = DA;; / DS

DA; (DS;;) pasaudus B aKTHBHOCTH (MOAEKYASPHOM HOAOOUM) MOAEKYA [ # j

R. Guba et al. ]|.Chem.Inf-Mod., 2008, 48, 646




AAHAIITA®T AKTMMBHOCTM: OBPBIBbBI (ACTIVITY CLIFES)

VEGFR-2 tyrosine kinase inhibitors

Q..

MACCS J| Analog
Tc: 1.00

F

2390 nM

Caaiia n3 xypca aexnuii npod. FO. Baiopara

HeGoarmme wmameneHus B CTPYKType
IIPUBOASAT K 3HAYNTEAbHBIM
HU3MEHEHUAM B 3HAYCHUU aKTUBHOCTU

“o6pwrer” (activity clitfs)




AAHAITA®T AKTUBHOCTMW: BbIBOP TUITA AECKPUIITOPOB

Cnaupg, 3 nekuyun npod. 0. banopara




ITOMCK I10 3AAAHHOMY ®APMAKO®OPY

«®apmakodop — 310 HAOOP HPOCTPAHCTBEHHBIX M IAEKTPOHHBIX IIPU3HAKOB, HEOOXOAHUMBIX AASA
obecrieyeHHA  ONTHUMAABHBIX  CYHOPaMOAEKYAAPHBIX  B3aHMMOAEMCTBUIL €O  cHenu@HuIeCcKOn
6MOAOTHYECKOM MUIIIEHBIO, KOTOPBIE MOTYT BBI3BIBATh (MAU OAOKHPOBATH) €€ OMOAOTMYECKHIA OTBET»

«®apmaxodop — HAMOOABHIHMNM O0HIUII A€HOMUHATOP TIPYINIbI AHUTAaHAOB, OO0AQAAIOINUX CXOAHBIM
6uosormaeckum 3(pPeKTOM, PACIIO3HABAEMEBII TEM K€ CATOM CBA3BIBAHIA»

®apMakooOpbl — OTA€ABHBIE (PYHKIIMOHAABHBIE TIPYIIIbI HAU KAACCHI BEIIECTB, OOAAAAFOLINX

OMOAOTHMYECKOIl AKTHUBHOCTBIO (CyAB(POHAMUABI, AUTHAPOIIMPHUAWHEBI), IIOHATHE CBA3AHHOE C
TEPMUHOM IIPUBHUACTUPOBAHHBIE CTPYKTYPBI

DapmaxodopHbIE IIPUIHAKHU:

dapmakodopHBIE HEHTPHI 1 HHTEPBAABI PACCTOAHUN ME>KAY HUMH, HEOOXOAUMBIE AAA
MPOABACHUA AAHHOTO THIIA OMOAOTMYE€CKOM aKTUBHOCTH.




ITONCK I10 3AAAHHOMY ®APMAKO®OPY

[Torenmnmaapubie dhapMakodOpPHBIE IEHTPHI

Aromatic atoms .

Positive charges

CH

Negative charges

Hydrogen Donor

—>

Hydrogen Acceptor

Hydrophobe

Hydrogen bond donors

H H sp*©

Hydrogen bond acceplors

any axcepl NO; H

non-aromatic heterocycles sp 8
(e.g furans, oxazoles

Isooxazoles and

O- in (C=0) OC)

Positively charged or ionzable
sp, ~-sp° H sp° H sp”
QD" sp” H
onizable

Negatively charged or i

CSP

H

-

O
N
Y
BN
N N N
Dihydrofolate
™ i r£ R
e
= HzN/I\\N N

| 1 Lt

Hydrogen bonding pattern

10,

HINT T i

Atom-based alignment ~ Pharmacophore alignment

G. Schneider and K.-H. Baringhaus Molecular Design: Concepts
and Applications, Wiley, 2008

C. Wermuth The Practice of Medicinal Chemistry: Third Edition,
Elsevier (2008)




XUMMNUYECKHWE BA3bl AAHHDBIX




== SCIFINDER
W s SOLUTION

» Ccoiakn u3 6oaee yem 10,000 B macrosinee BpeMs IyOAMKYEMBIX KYPHAAOB U IIATCHTOB U3
6oAee ueM 60 pa3sAMIHBIX HCTOYHUKOB

» BaxeaHeBHOE OOHOBAEHUE

» Kpyumnefimas MupoBas 6a3a AAHHBIX IT0 OPrAHUYECKAM M HEOPTAHMICCKIM BEIECTBAM

=  CAS REGISTRY — xumnueckne coeAUHEHUA

* CAS REACT — xumugeckue peakiuu

" CAplus — uHTErpHPOBAHHBII NCTOYHUK IIyOAUKALIUIT U ITATCHTOB

= CHEMCATS — nocraBrmmkn

= CHEMLIST — peryaupyemsle BeIecTsa

" CIN — nadopmarins, cBA3aHHAA C IPOMBIIIACHHBIM IIPOU3BOACTBOM

"= MARPAT — crpyxryper Mapkyrira




R
s

<= SCIFINDER
W . CAs SOLUTION

CAS REGISTRY

CAS REGISTRY: > 120 MEAAHMOHOB OPraHUYECKUX U HEOPraHUYECKUX BEIECTB (IIOIIOAHACTCH €KEAHEBHO)
OxsBarpBaeT MHAOPMALHIO II0 PASAHYHBIM THIIAM BEIIECTB: CIIAABBI, KOOPAMHAITMOHHBIE COCAMHECHUS,
MUHEPAABI, CMECH, IIOAUMEPBI, COAH, OEAKH H T.A.

CASREACT

boaee 77 MEAAMOHOB XUMHYECKIX PEAKITHI.
ObnosAsieTcs exxeAHEBHO. EoxeneaeapHO 00HOBAeHHE Ha ITpuOAnsuTeAbHO 150 000 peaxruii us
IyOAWKAITUI U IIATEHTOB

CAplus

MaTerpupOBaHHBIN UCTOYHHUK HYOAUKALIMH U IIATEHTOB: 43 MuAAHOHA 3aruceil B 80 pa3AMYHBIX KATETOPHAX.
ObnosAasieTc  exkeAHEBHO. Bce maremtsl, coorBercrByrommue kpurepusam oroopa CAS, m3 9 ocHOBHBIX
IIATEHTHBIX BEAOMCTB, AOCTyIHEL depe3 Mureprer B CAplus B TedeHne 2 AHEHI ¢ MOMEHTA BBIAAYU ITATCHTOB,
ITOAHOCTBIO HHACKCHPYIOTCA MEHEE YeM 32 27 AHEH C AATHI TTOABACHUSA




PubChem

Cospana B 2004 xax gacts Molecular Libraries Roadmap Initiatives Harmonaasaoro Mucruryra 3poposes CLIIA

£ SE0
PubChem

Snvissay Tooks

SUructize Search 4

| BioAssay [ 4 ~ompound Subsiance (Y -~ 1 '

| | J § L) Condormer Tooks » e
-

2 Leras S e Upstening \=

/ Mvanced .

Casutcmon o u
pou

T, e 2 ) "

Tty the new PubChem Search Pldad S

Dowriomd .
PubChem FTP AI'

Mip N uss gov 1 QBpOsE
Head mee
more
Wree (o Helpdesk | Disclamer | Prvacy Statement | Arcessbity | Data Ctaton Gudebnes
Navoral Center for Bectec hrclogy Informaton

NIM NS

basa aanmbIx 13 > 60 MEAAMOHOB COEAMHEHHUI C PACIIHPEHHBIME BO3MOKHOCTAMH ITOUCKA: IIO HOMEPY, IO
HA3BAHUIO, II0 CTPYKTYPHOI (DOPMyAE, IO HOACTPYKTYPE H IIO CXOACTBY, AOLOAHHTEABHBIMU KPUTEPUAMHI
roncka. basza mocrosanno nomnoansercs usz 6oaee gem 350 mcrounukos (apyrue Oaser aamabX (CheMBL,
BindingDB, DrugBank) , roc. opranusarun, yausepcuretsl, papMaeBTHIeCKIe KOMIIAHUN 1 T.A.).

URL: http://pubchem.ncbi.nlm.nih.gov/




YV VY

PubChem

Data Contributors

Substance Assay
deposition deposition
Activity of
tested
“substances”
U Pub©hem <dummmmmm [] Pub©hem
Substance BioAssay
5./ fvvwew nchid nimonih gov/pesa lh'.l..r‘.’n-} [(htrps//www.ncbialm. nih goy "L'Z-S\'.-d"l
. Oepos;tor-prowded * Depositor-provided
substance descriptions Bioactivity test results
*« >157 million SIDs * >1millionAlIDs

Unique chemical
structure extraction
through Standardization
(See Figure 2)

Activity of “compounds
derived from assoclated
“substances”

OPub@jhem

Compound

[https/ Swww. nchinkm nih gov/pccompound)
. Unique chemical structures
* >80 million CIDs

157 million depositor-provided chemical substance descriptions,

60 million unique chemical structures
1 million biological assay descriptions, covering about 10 thousand unique protein target

sequences.




PubChem

SureChEMBL: 17 MHEAAHOHOB COCAMHEHHI, U3BACYCHHBIX IBM

u3 60Aee yem 14 MAH IATEHTOB (http:/ /www.almaden.ibm.com/)

https:/ /www.sutechembl.org/search/

SureCheMBL

6 MAH IAaTE€HTOB, O0Aee 16 MHAAMOHOB YHUKAABHBIX XUMHYECKUAX CTPYKTYP, OoAee 329 MUAAHMOHOB
ncrouHnKOB xumudeckoe coeannenune-mateHT (US, European and World Intellectual Property)




PubChem: HekoTOpBIE HHCTPYMEHTBI U CEPBUCHI

*Chemical structure search (https://pubchem.ncbi.nlm.nih.gov/search/search.cgi)

*Allows users to query the PubChem Compound database by chemical structure or chemical structure pattern.
*PubChem Upload (https://pubchem.ncbi.nlm.nih.gov/upload/)

A data submission system that enables one to contribute substance or assay data to PubChem.

*Classification browser (https://pubchem.ncbi.nlm.nih.gov/classification/)

Allows users to browse PubChem data using a classification of interest, or search for records annotated with the desired
classification/term.

*Score matrix service (https://pubchem.ncbi.nlm.nih.gov/score_matrix/) Computes matrices of 2-D and 3-D
similarity scores for a given set of compounds.

*Widgets (https://pubchem.ncbi.nlm.nih.gov/widget/docs/)

Provides a rapid way to display some commonly requested PubChem data views.

*Pc3D viewer (https://pubchem.ncbi.nlm.nih.gov/pc3d/)

An interactive 3-D molecular viewer that can be downloaded and installed on local machines.

*Structure download (https://pubchem.ncbi.nlm.nih.gov/pc_fetch/) Downloads a set of substance or compound
records in PubChem.

*PubChemRDF (https://pubchem.ncbi.nlm.nih.gov/rdf/)

the RDF-based resource compatible with Semantic Web standards and technologies.

Nucleic Acids Research, 2016, Vol. 44, Database issue

D1203

* Chemical structure sketcher (https://pubchem.ncbi.nlm.nih.gov/edit/)

A platform-independent 2-D molecule drawer, compatible with major web browsers.

* Standardization service (https://pubchem.ncbi.nlm.nih.gov/standardize/)

Validates and normalizes an input chemical structure in the same way as PubChem standardization process.

* Identifier exchange service (https://pubchem.ncbi.nlm.nih.gov/idexchange/)

Converts one type of identifiers for a given set of chemical structures into a different type of identifiers for identical or
similar chemical structures.

* Structure clustering (https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?p=clustering)

Clusters compounds/substances based on their structural similarity using the Single Linkage Algorithm.

* Web-based 3D viewer (https://pubchem.ncbi.nlm.nih.gov/vw3d/)

An interactive web-based viewer for 3-D conformations of molecules, which visualizes 3-D information available within

PubChem.




PubChem

PubChem Blog

News, updates and tutorials about PubChem

Recent PubChem Publications:
Read about What’s New!

https://pubchemblog.ncbi.nlm.nih.gov/2016/01/19/recent-pubchem-publications-read-about-whats-new/




b ChENMBL

ChEMBL

ChEMBL — 6a3a gaHHbIx buonoruyeckm akTuBHbIX «drug-like» monekyn, muweHen,

NeKapcTBeHHbIX cpeacts. CoaepXuTt 2D CTPYKTYpPbI, paccYnTaHHble 3Ha4YeHUA cBOUCTB (e.g. logP,
Molecular Weight, Lipinski Parameters, etc.) 1 ykazaHHble aKTUBHOCTM.

Search ChEMBL Compounce | Tagen | Assnys | Docurentz | Cuss

- " n Erpwne Orug
Ligand Seasch Tarpat Sexrch Browse Tarpets Browess Trugs Erowse Drug Tapet , A " About
u IndCabon

=8 XPEORER OO d List sesarch ChEMBL Statistics
7 ‘ = spazazes by 1 = DB: ChEMBL_21
(3 o » Targets: 11,019

® Compound records:

o DR Ooivan, 21

® Twpes 1109

® Corpound oyt
1926923

® Detect copoungs
1500191

8 Acavbes 13967 510

® Pakslors £2501

CxWR By

Compouna Sxatcher:  Plaace salodt....

Substructure Seorch ¥

Fetcl Compounds

kogacas [last Catrch

Ron SLAST

1,928,903

Distinct compounds:

1,592,191

Activities: 13,967,816
Publications: 62,501

Release Notes




ChemSpider

Search and share chemistry

ChemSpider

Simple  Structime Advanced  Hestory

Search ChemSpider

MO S a1 r ol Al weed 10 de

Syzpmmat

What is Chem3Spider?

ChemSpwder 1s 8 ree chemical struciure
database providing fast text and structure
search accass to over 43 milkon
structures from hundreds of data

SOUrces

Blog

Introducbion to the new ChemSpdar wabsite

Whal's new with ChemSpadear?

Lidong froen ChemSpsder 1o the Crystaliography Opan Ds

VISIT OUR 8LOG

Search by chemical names

« Systemalic names
» Synonyms

» Trade names

» Database identifiers

Search by chemical structure

« Create struclure-based queres
= Draw structures in the web page
« Use structure files from your computer

URL: http://www.chemspider.com/

Find important data
o Literature references
» Pnysical properties

* Interactive spectra
Chemical supphers

4Million

chemical structures

o911

Data sources

Advertisement
Advert: Learn

more about the
Agfant 59778

3 SN
GOMSD

Spothght

Join the world's
legding
chonmusiry

community

Advertisament
Advorl Laam
more aboyt tho
Aglent 5377

GOMSD

possibilties




myBDB logout

o Search and Browse
Target

Sequence

Name &
Ki IC50 Kd EC50
Rate constants
AG® AH® -TAS®
pH (Enzymatic Assay)
pH (ITC)
Substrate or Competitor
Compound Mol. Wt.
Chemical Structure

Pathways

Source Organism

Number of Compounds

Monomer List in csv

Het List in SDF
Compound

FDA Drugs

Important Compounds

Chemical Structure

Name

SMILES

Number of Data / Targets
Special tools

3D Structure Series

Home Info

BindingDB

The Binding Database

Download About us Email us Contribute data Web Services

BindingDB is a public, web-accessible database of measured binding affinities, focusing chiefly on the interactions of
protein considered to be drug-targets with small, drug-like molecules. BindingDB contains 1,186,317 binding data, for
6,191 protein targets and 519,724 small molecules.

There are 2291 protein-ligand crystal structures with BindingDB affinity measurements for proteins with 100%
sequence identity, and 5816 crystal structures allowing proteins to 85% sequence identity.

Simple Search
Article Titles, Authors,
Assays, Compound
Names, Target Names

For example, "adeny*' or "adeny?". Query cannct start with wild card.

Use ? for single-letter wild-card or * for general wild-card.

Advanced Search

Combine multiple search criteria, such as chemical structures, target names, and numerical
affinities; restrict searches by data source, such as BindingDB, ChEMBL, PubChem, and
Patents.

Messages

We are delighted to announce that Elsevier's Science Direct journals now include links
from articles to BindingDB datasets, where available! For an example, go to this article,
and see the "Data for this Article, BindingDB" link on the right. (December 2015)

The BindingDB survey is now over. Thanks so much for your help in filling it out! (January
2016)

Journal Curation
by BindingDB

BindingDB continually curates a set of journals not covered by other public databases. As
of January 2016, the status of our current curation effort is as follows:

£ACS Chemical Biology 2006-2015 (vol 1-10)

£ACS BioChemistry 1962-1970 (vol 1-9), 1991-2015 (vol 30-54)
£Bioorganic Chemistry 1971-2015 (vol 1-62)

£BMC Chemical Biology 2001-2012 (vol 1-12)
£ChemBioChem 2000-2015 (vol 1-16)

£Chemical Biology & Drug Design 2006-2015 (vol 67-86)
£Chemistry & Biology 1994-2014 (vol 1-20)

£ Journal of Biological Chemistry 1988-2013 (vol 264-288)

D 1aurnal af Chamieal Rinlaav 20022012 (unl 1-A)

BindingDB News

September 2015. We plan
to post the latest
BindingDB user survey on
or about October 5. We
would greatly appreciate
your feedback and
suggestions! Note,
however, that you are
always free to click through
the survey to the regular
home-page.

September 2015. All
compounds in BindingDB
have now been assigned a
BindingDB Molecule ID,
such as BDBM50183711.
(The numeric component is
also known, internally, as a
Monomer ID.)

September 2015.
BindingDB should give you
faster performance now, as
we have upgraded the
main server. Please let us
know immediately if you
notice any problems.

July 2015. Please try our
new tool to map from one
or more proteins of known
sequence to known or
potential ligands. Find
Compounds for My Targets.

April 2015. BindingDB has

http://bindingdb.org/bind/index.jsp




DrugBank

Number of Targets per drug

Total Number of Small Molecule Drugs 9041 (010,10}
up to
Total Number of Biotech Drugs 549 o
Total Number of Approved Drugs 2278 =
Total Number of Approved Small Molecule Drugs 2037 =
Total Number of Nutraceutical Drugs 96 —
g ots 5
Total Number of Experimental Drugs 4953 I
|
Total Number of Illicit Drugs 202 o ——————————
7 |
Total Number of Withdrawn Drugs 210 _——
Total Number of Drugs 9590 ; ' I 3 = . -

Downloads About ~ Help Contact Us

@RUGBANK Browse ~

Chemical Structure
Molecular Weight

WHAT ARE YOU LOOKING FOR?
Drug & Food Interactions

Tyl e n O I Target Sequences

Pharmaco-omics

e Drugs Q Targets ) | @ Pathways ) o Indications Advanced Search

MS Search

MS/MS Search

GC/MS Search

1D NMR Search

@ORUGBANK 2D NMR Search

http://www.drugbank.ca/




ZINC

ZINC, cBobogHoaoCTynHas 6as3a [AaHHbIX KOMMEPYECKM [AOCTYMHbIX COeAUMHEHUA ANA BUPTYaNbHOMoO
CKPUHUHIa, COAEPKUT 0KOJ10 35 MunanoHoB coegmuHeHuii B 3D dopmare.

ZINC 12 Not Authenticated — sign in
Active cart: Temporary Cart (0 items)

.....................................

. About Search Subsets Help Social G (Quick Sear Bj
lefﬁc consider switehing to ZINCi5, which is superior to ZINCi2 in most ways. If you Mokl ot e Dav 2000123
prefer ZINC12 after trying ZINC135, we would like to know why so that we can get you :
to make the switch. Read more (coming soon)

Welcome to ZINC, a free database of commercially-available compounds for virtual »_j_l;"' Il'.
screening. ZINC contains over 35 million purchasable compounds in ready-to-dock, 3D ¢ 1::". . .:'[’ NE T,
formats. ZINC is provided by the Irwin and Shoichel Laboratories in the Department of .fﬁ& v ain O o
Pharmaceutical Chemistry at the University of California, San Francisco (UCSF). To cite Foe : N—bl
ZINC, please reference: Irwin, Sterling, Mysinger, Bolstad and Coleman,
J. Chem. Inf. Model. 2012 DOL; 10.1021/ciq001277. The original publication is Irwin and
Shoichet, J. Chem. Inf. Model. 2005;45(1):177-82 PDF, DO1. We thank NIGMS for
financial support (GM71806).
Structare/Draw  Physical Properties Cama Vend INCIDS Targets Rings Combinas
What's NEW? l'-:'»iu]t:;‘-".‘]z L”_‘-tz',‘,lf- 7INC Database
Video Walkthroughs g
Quick Links Your Carts

Download Search Create an account or login to have multiple

l'arget focused Ihanks PR

Natural Products Special Subsets

Search By Target PBCs

Rings Carts

http://zinc.docking.org/



KEGG DATABASE

KEGG Database as of 2018/9/25

K lé%?::sg;ﬂ %‘:ﬁg:]fsm Systems information
_ KEGG PATHWAY Pathway maps, reference (total) 530 (566,553)
@ GG r KEGG BRITE Functional hierarchies, reference (total) 203 (213,814)
KEGG MODULE KEGG modules, reference (total) 801 (487,867)

Genomic information
https://www.kegg.jp/kegg/ KEGG ORTHOLOGY KEGG Orthology (KO) groups 22,290
KEGG GENOME KEGG organisms and selected viruses 5,935

(457 eukaryotes, 4872 bacteria, 278 archaea,
and 328 viruses)
KEGG GENES Genes in KEGG organisms and other categories 27,309,951
(including 4,350 addendum, 318,764 viral)
(see annotation statistics)

KEGG SSDB Best hit relations within GENES 255,897,345,859
Bi-directional best hit relations within GENES 13,648,361,607

Chemical information

KEGG COMPOUND Metabolites and other small molecules 18,384
KEGG GLYCAN Glycans 11,040
KEGG REACTION Biochemical reactions 11,012
KEGG RCLASS Reaction class 3,147
KEGG ENZYME Enzyme nomenclature 7,354
Health information
KEGG NETWORK Disease-related network elements 448
KEGG VARIANT Human gene variants 169
KEGG DISEASE Human diseases 2,194
KEGG DRUG Drugs 10,538
KEGG DGROUP Drug groups 2,115
KEGG ENVIRON Crude drugs and health-related substances 856
Drug labels
KEGG MEDICUS  Japanese prescription drug labels from JAPIC 14,494
Japanese OTC drug labels from JAPIC 11,151
KEGG MEDICUS FDA prescription drug labels linked to DailyMed 32,085

FDA OTC drug labels linked to DailyMed 46,469




Reaxys ( Beilstein + Gmelin)

'reaxys‘”

Innovation from CrossFire Beilstein

Reaxys = Beilstein + Gmelin Databases
Beilstein Database:

10 munnnoHos coeguHeHn, 10 MUAANOHOB peakuun u 35 mmnnmoHos
XUMUYECKUX, PU3NYECKUX, SKONOTUUYECKUX U TOKCUMKONOTUYECKUX OAHHbIX
n3 Beilstein Handbook of Organic Chemistry n 180 xypHanos B obnactu
OpPraHMYecKom XMMnm

Gmelin Database:

CooepUT HeEOpPraHMYeCKne U MeTaanoopraHnvyeckne coeguHeHnA HauymHan
¢ 1772 no Hawe BpemsaA. Ha gaHHbIN MOMEHT coaepXuT bonee 2.5
MWUNNNOHOB coeanHEHUN, 1.9 MUANMOHA peakumin U 1.3 MUNNNOHA CCbIJIOK.

http://www.info.reaxys.com/




SCUBIDOO (SCREENABLE CHEMICAL UNIVERSE BASED ON INTUITIVE
DATA ORGANIZATION ): DATABASE OF COMPUTATIONALLY GENERATED
SYNTHETIC TRACTABLE COMPOUNDS

~18000
«CTPOUTENbHbIX

610KOB»

58 Hanbonee
PACNpPOCTPaHEHHbIX
B MeUNLIMHCKOMN
XUMUN peaKkunm

21 MUNINOH HOBbIX
coeiIMHEeHUNN

ITpeaBapureapHas GUABTPAIHA: \
¢ VaaseHue AyOAHKATOB
*  KOHTPOAD (MOAEKYAAPHON CAOKHOCTHN:
* MW = 250 Da. (AAf IPOAYKTOB €
Goasireii BepoaTrHocThIo MW = 500
Da).

. KoamdaectBo kOH(POPMAITHOHHBIX

L)

DS

*  YAaAeHHE IPOTHBOMOHOB

*

L)

L)

cBaAzelt < 2. (AA IPOAYKTOB < 6 =>
BO3MOJKHOCTb IIPUMEHCHUA METOAOB
MOAEKYAAPHOTO AOKHHT2) KoAmdecTso
XUPAABHBIX IIEHTPOB = 1 (AAd
IIPOAYKTOB = 3 => ympormaer
CHHTE3)

o /

..............................

AAA KaKAOTO COEAHMHEHHA B 0ase
AQHHBIX IIPEACTABACHA HHQOPMALIHA
II0 METOAY CHHTE32, IIOTEHITNAABHBIM

ITOOOYHBIM peakIaM, u
AABTEPHATHBHBIM CrIoco0am
ITOAYYIECHUA

SCUBIDOO: A Large yet Screenable and Easily Searchable Database of Computationally Created Chemical Compounds Optimized toward High Likelihood of

Synthetic Tractability

F. Chevillard et al Journal of Chemical Information and Modeling 2015 55 (9), 1824-1835 DOI: 10.1021/acs.jcim.5b00203




ZINClick: baza aanHBIX 1,4-AHM3aMEIIIEHHBIX TPHA30AOB
~16 Mmuaamonos 1,4-AnsamernieHHbIX-1,2,3-TpHIa30A0B

R

[Tonsatue «kauk-xumusm» OpiA0 BBeAeHO bappu Illapraecom B 2001 AAA ommcaHums peakiinid,

\\ HAIIPABACHHBIX Ha OBICTPOE M HAAEKHOE ITOAYICHHE XUMUYCCKHX BEIIECTB IyTEM COCAMHEHUS
N MEKAY CODOI OTACABHBIX MAACHBKIX 9AEMEHTOB, XAPAKTECPU3YFOIIIIXCS:
/ +* BBICOKIM BBIXOAOM

* MOAYABHOCTBIO

)

** crepeocrerindUIHOCTBIO

Ro * IPOTEKAHUEM B (DH3HOAOTHMYECKAX YCAOBHUSIX

% 00pasoBaHMEM CAMHCTBEHHOTO IMPOAYKTA (OBITH TEPMOAMHAMIIECKI BHITOAHBIMI)

COCAMHEHIA AKTHBHO % IMPOKOH OOAACTBIO IIPUMEHCHUS

YIaCTBYIOIIIIE BO
B3AUMOAEHCTBUAX AUTAHA-
PELIEIITOP, OTHOCAIITHECH
K HOBOMY AAA

o PCQ,KI_[I/IH A3UA-AAKITHOBOI'O LII/IKAOHPI/ICOCAI/IHCHI/IHZ
MCAUITTHCKOM XM

KAACCY COEAUHEHUU ( \

R
_ Cu(l) (cat) Tt \\

H,0

Massarotti et al ZINClick: A Database of 16 Million Novel, Patentable, and Readily Synthesizable 1,4-Disubstituted Triazoles JCIM 2014 54
(2), 396-406

www.symech.it/ ZINClick




1.125E+07

8.438E+06

5.625E+06

2.813E+06

OE+00

SCRIPDB: A3A AAHHbBIX XUMHNUECKHUX CTPYKTYP C
ACCOILIMMPOBAHHOM! ITATEHTHOM MH®OPMAILIMEN

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

B CDX files

Molecular structures

JURISICA LAB

IBM Life Sciences Discovery

Search style: Search only

@ Exact match syntheses:
® Substructure search .
@ Similarity search

Molfile:

SMARTS:

clceec2e(cl)nele(c2)ceee
ocoaal

Display a selection of structures from
patents containing the following text:

acridine

http://dcv.uhnres.utoronto.ca/SCRIPDB



GDB-17 DATABASE

Enumeration Size distribution
: : 1.E+14
< = (1)Ringstrain 8 N(n+1)
iyq- Graphs 3 1.E+12
166.4 billion k: =0
66.4 billio 114,304,569,097 2 1E410 ——GDBLL
==
molecules of u i = PubCh
p (2) Unsaturations Hydrocarbons : 1 E+08 - _C:EM;"‘
to 17 atoms of C, 5,422,153 2 | :
1.E+06 DrugBank
==
N, G, S, and P (3) Heteroatoms 1.E+04
halogens 1,330,958,530 16402
1.E+00 .
5 10 15
——» HAC
Topologies Categories in GDB-17
500’0 9 o/ 4
WGDB-17 50% BGDB-17
40% 4 o @ PubChem-17 40% BPubChem-17
B ChEMBL-17 S BChEMBL-17
30% 4 ODrugBank-17 30% 1 DODrugBank-17
® BGDBLL-17
20% 1 20% 4
10% 1 10% 1
0% 4 T 0%+
Acylic  Monocyclic Bicyclic  Tricyelic Polycyclic Heteroarom. Aromatic Heterocyclic Carbocyclic  Acyclic
% mol. with at least one small ring Shape
70%{  e=—cpB Rod (0, 1) GDB-17 Sphere (1, 1)
o w—PubChem p
60% ChEMBL
50% 4 DrugBank
e=—GDBLL
40% 4
30% 1
20%+
10%4 ’-‘“ —
0% — v . - — Disc (0.5, 0.5)
2 5 8 11 14 17

HAC

Fragment-based Drug Discovery: Lessons and Outlook Edited by Daniel A. Erlanson, Wolfgang Jahnke, Raimund Mannhold,
Hugo Kubinyi, Gerd Folkers Wiley 2006




HexoTophble Ipyrue 6a3bl TaHHbIX

Databases for Virtual Screening

ChemBank http://chembank.broadinstitute.org

eMolecules https://www.emolecules.com

DUD http://dud.docking.org

MUV https://www.tubraunschweig.de/pharmchem/forschung/baumann/muv

CoCoCo http://cococo.isof.cnr.it

Wombat http://dud.docking.org/wombat/

TCM http://tcm.cmu.edu.tw

DNP http://dnp.chemnetbase.com/intro/index.jsp
SPRESI https://www.spresi.com

SORD http://www.sord.nl/SOR-Database.htiml
Bioinfo http://bioinfo-pharma.u-strasbg.fr/bioinfo/

SC PDB Frag http://bioinfo-pharma.u-strasbg.fr/scPDBFrag/




Basbl TaHHBIX B 00JIaCTH HEOPTaHITIECKOM XM 1
MAaTEPUAJIOBEIEHUA

Materials Project
https://www.materialsproject.org

AFLOWLIB
http://www.aflowlib.org

Harvard Clean Energy
https://cepdb.molecularspace.org

NIMS materials database
http://mits.nims.go.jp/index_en.html

ba3a gaHHbIX N0 MHPOPMALMOHHBIM pecypcam B 06/1aCTU HEOPraHUYECKOM XUMUU U

MmaTepuanoBeeHunn
http://iric.imet-db.ru

MatWeb
http://www.matweb.com

MatBase
http://www.matbase.com

Pauling File
http://paulingfile.com




» Japanase J For New User National Institute for Materials Science, Materials Information Statior

MatNavi

NIMS Mat Is Datat Home Aboust us MITS Sympossam Link | Comact us NIMS
Vo Matenals Dalabase

The use of "MatNavi" is free.
All you need to do is register.

MatNavi

™ Database

» Basic Properties » NIMS Structural Materials Data Sheet
Online
T taba ye
*» inoeganic Matenal | 35¢ Work p Da hee
L4 nal 156 ] 3t Yo * Fiig s She
Ltah r e 1 * Lon
SO1DE I » Metafic Matena! Microstructur aba Ins
e NessTran) W MatNavi Search
d. ) f 1 du e Database (IT
» Difus \atab MatNavi Search
LI Ur | I nl
search
9 AND DR ¥ Cortan

» Engineering » Applications
ol " ’ " posste Design & Property Predicton Syste Tree Searxch
& Jataba \ = \2 Material
.l 13t tfarm f F 1




crystal structures
materials
phase diagrams _~J ] physical properties
diffraction data

phase diagrams + crystal structures + physical properties
together in the world largest database for inorganic compounds

B R v |

2 PAULING FILE ~

Inorganic Materials Database j
et

e AN YT o WY

Dear Dr. Villars:

It is surely fine that you are starting a very large
scale project to extend the database to cover all non-organic
solid state materials. Also, it {s fine that you want to
call it the PAULING'S FILE.

4 @, This letter can serve as my permission,
b . X
% :

Sincerely,
o

rd
/
( /

Linus Pauling

http://paulingfile.com/




PAULING FILE: dasoBble muarpaMmMbl

1000
* 1-2 chemical elements « 3 chemical elements » 4 and more chemical elements
900
B metais
800 8 siP/as
B/C/N/H
S/SelTe
700 B oxides
B halides
600 11'408 31051 3'676
500
400
300 }
|
200 I ’ 1 1111
;||i|| ....Illllll I |II’ 1
RS BROEZ 2OS Q”‘ = O83 > % § {arnp =
_________ ‘O,'_‘.‘,‘f,',‘f.' PGRDDRORRRL PR NRNRDBDNNPRDODDIRD NI
(o)} O) » (o) N -
— 2t hnic - - N

B experimental

B calculated
46'135 database entries processed 01.01.2017




PAULING FILE: xpucTaJIJINYECKHME CTPYKTYPhL

Sedect & prototype

K2ZNi4

perovsiate-type
ab

NaClaype
uab

NaCltype
shad

1299 entnes 1or this prototype in the PAULING FILE (2012}

NF ¢, octahedra share vertices (o form infirde <abs ntergrowth of
perovskde-type siabs (KF NF 2. KF) and NaCl-type (rocksak) sabs (KF.KF)

. }
Kol [1], Ruddiesden-Poppes phase n = 1, SelaCuOy4 [2], T phase. cuprate
0201, CagSbz0 (3]

: |
space group (139) Mitmm
4204013 c= 13088 nn, ¢la = 3261, V202108 e, 252

atomic envranment |

WP | sym x|y 4 0cC |

Y
a
o

.

perovskate type
dab

Arrangerment of Nik 5 octahedra (F atoms smal) and K
aloens {large) wiewed along [100], slabs cortaring gt
and dark octahedra are shified by a2

1 | de |4 ‘ 0|0 015321 sngle stom Ni |
L de | 4dmen 0|0 035377 incapped tngonal prism Fg 1
F2 |ac |mmm (D|12 0 cobredar Ny ]

N (23 (4menm (0|0 O octahedion Fg |

sungle crystal difractormeter Xorays, R = 0018

[1] Balz D (1943) Naturwissenschalften 40, 241

[2] Goodencugn J 8 | Demazeau G Pouchard M| Hagenmuler P (1973), J
Soid State Chem 8 325220

[3] Esenmann B Lmartha M Schtfer M. Graf HA (1880) Z Naturforsch
B 35, 1518.1524

WuSY, LeaCS Wang Y (19493 Acta Crystalogr B 42




PAULING FILE: K¥puUCTaJIJIMYECKHE CTPYKTYPEL

12000

= 1 or 2 elements » 3 elements * 4 or more elements

B metals
B siP/As
B/CIN/H
S/SelTe
B oxides
B halides

60752 123272 135'819

11000

10000

9000

8000

7000

6000+

5000

4000

3000

2000

1000

e .|I.. .nun|.n.....|l|“““““| \l
3 00D € 64

@ not refined
B refined

319'843 database entries processed 01.01.2017




PAULING FILE: dpusuuecKme CBOMCTBA,

10000
s
9000
e property class
1 electronic and electrical properties
8000 2 ferroelectric properties
3 magnetic properties
4 mechanical properties
5 optical properties
- 6 phase transitions
7000 7 superconductor properties.
8 thermal and thermodynamic
properties
6000 e data category
\ N from bottom to top:
- - numerical values
- figure descriptions
5000 s l - additional data
4000 I i l
3000
2000
- “““ ‘I|‘||
s ‘ , S ..I||||I||| 1] 1) .
- A pg b 5o A8 Pl aduds 43 94328 4% 33 £ FTo-g PB4 -8 44" SNATVORDB NN
vEvEvEvEvEvEY v, g'ﬁi'.’i-.l,.gz;‘. :’V"._‘SL‘_:;:’_:;.;E-,-' ....... 8 __________ 8 ,,,,,,,,,,, 8 : - ¢
by b i SSa=s R o e S ey @==2222223 g g @-====2SSs = 3 & QNSRS

125'446 database entries processed 01.01.2017




MATERIALS PROJECT

Hamessing the power of supercomputing and state of the art electronic
structure methods, the Materials Project provides open web-based access to
computed information on known and predicted materials as well as powerful

analysis tools to inspire and design novel materials.

Materials
Project

Electronic Structure

Indirect X-I bandgap = 7.7511 eV

E - Efermi (4D

EXPLORE MATERIALS
Search for materials
information by
chemistry,
composition, or
property

EXPLORE BATTERIES
Find candidate
materials for lithium
batteries. Get voltage
profiles and oxygen
evolution data.

Density of States

10

0

sign indicates spin | |

VISUALIZE STABILITY
Generate phase and
pourbaix diagrams to
find stable phases and
study reaction
pathways

TbF;

INVENT STRUCTURES
Design new
compounds with our
structure editor and
substitution algorithms

https://materialsproject.org

to start using

Material Details

Final Magnetic Moment
0.0000 g

Formation Energy/Atom

-4.1520 eV

Energy Above Hull
0.0000 eV

Density
7.16 giem®

Space Group

Hermann Mauguin
Pbnm

Hall
-P2c2ab

CALCULATE
Calculate the enthalpy
of 10,000+ reactions
and compare with
experimental values




' | I L D w 1702812 material compounds - with over

i i - 168578388 calculated ti
Automatic - FLOW for Materials Discovery calculated properties

AFLOW

REST-API WIKI

Documentation

Automatic (VASP, Quantum
ESPRESSO) calculation of relaxed
geometries, electronic and phonon
band structures, magnetic properties,
and thermodynamic properties

Showcase material

Geolocation data
- U.S. DEPARTMENT OF 7»'.';'-{- \
Duke @ciErReY & @ el UN'T

http://www.aflowlib.org




