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DLiP: Database of Chemical Library for Protein-Protein Interaction

DLIP is a database for investigating small and medium-sized compounds that inhibit PPIs. It contains compound library data for PPI targets and known PP! inhibitor data
collected from public databases. Therefore, it is useful for finding candidates in various drug discovery researches targeting PPls.

PPI Library Search

Users can search for over 12,000 newly synthesized compounds designed to inhibit PPIs. There are functions such as search by keywords, structural similarity, and chemical
drawing to find compounds. The PP library compounds were subject to descriptor calculation by several tools such as RDKit, CDK, Mordred which widely used in
chemoinformatics research. Users can find compound information for each compound such as molecular properties, chemical structures as well as synthesis information.

1. PPI Library Compound Search

2. Advanced PPI Search

Physicochemical Search
- Druglikeness Search

Curation Search
Users can search for over 10,000 known PPl inhibitors collected from public databases and our experiments. These compound data are linked to 134 targets and 21,487
data-points of PPl activity (13,666 active and 7,821 inactive). Users can search for compounds by structural similarities, chemical drawings, and lists of PPl targets.

1. Curation Data Compound Search
2. Curation Data Target Search

Statistics
# of Compounds # of Activity Datapoints
PPl Compound Library 12,763 NA
Guration Data (Known PP Inibitors 10034 21487
Contributors

This database is developed by Keio University, PeptiDream Inc and NIBIOHN.

This research is supported by Japan Agency for Medical Research and Development, AMED.
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2. PPI Library Search

2.1. Compound Search

YA RA=a—0" PPI LIBRARY SEARCH > Compound Search Z7zi&bv7X—®D PPI Library Compound Search »»
577 AT 5,
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Search Forms

Keyword SMILES/SMARTS Chemical Draw

| SMIES | smaRTS

Input SMILES/SMARTS representing molecules to be searched.

Query Type Similarity Threshold
Substructure Query : 100%
Select your preferred query method. Specify similarity threshold from 1% to 100%.

=+ Advanced Search
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Keyword SMILES/SMARTS Chemical Draw

SMILES | SMARTS

O=C(NC1CCN(C(=0)Cn2c(C3CCOCCI3)nc3ccec(F)ec32)CC1)cicecec(F)e

Input SMILES/SMARTS representing molecules to be searched.

BER

Chemical Draw X 7%EINGT LI TRERD AN 7 A— LB ERT D,

Search Forms

Keyword SMILES/SMARTS Chemical Draw
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JSME Molecular Editor by Peter Ertl and Bruno Bienfait >
Draw and edit molecule structures to be searched. The partial molecule structures appearing most frequently.
Query Type Similarity Threshold
Substructure Query s 100%
Select your preferred query method. Specify similarity threshold from 1% to 100%.

= Advanced Search

Search
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Draw and edit molecule structures to be searched.

SMILES DA iAAsE, Chemical Draw TR Al GEABEEEIZ DWW T JSME Help and Basic Instructions 2289
5L,

4/ 23


https://peter-ertl.com/jsme/2013_03/help.html
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Search Forms

Keyword SMILES/SMARTS Chemical Draw
Compound ID | PPIType = PDBID  Protein Name Receptor = ELMID = Motif Sequence

E000

Input keyword to find molecules.

=+ Advanced Search

BB RDT 871 (PPL Type BE) Z4HEL, F—T—REERELIIATITD,

Keyword SMILES/SMARTS Chemical Draw

Compound ID | PPIType | PDBID @ Protein Name Receptor | ELMID | Motif Sequence

v helix

motif
turn_strand

5/23



BERAE
TS AFE G X OME S HEIE Query Type MHEINT 5,

- Substructure Query : #84 —H R

- Similarity Query : ¥R ER

Query Type

v Substructure Query

Similarity Query

FMEMR DL A FELUE ORIME( Similarity Threshold )& #IRT 5,

Similarity Threshold

v 100%
95%
90%
85%
80%
75%
70%
65%
60%
55%
50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
1%
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Contains NA IZF =V 7% ANDIE THETINTANBEINTORWLEVEMBRFIZEDDIENTED,

= Advanced Search

Molecular Welght: _ @ Contains NA
MW Moncisotopic: _ @ Contains NA
MolLoge: _ @ Contains NA
XLoge: ﬁ @ Contains NA
Num H Acceptors — @ Contains NA
Acoeptors: — @ Contains NA
Hea: — @ Contains NA
HBA Lipinski ﬁ @ Contains NA
Num H Doners: — @ Contains NA
natoms: ﬁ @ Contains NA
Heawy Atoms: _ @ Contains NA
QED Weighted: ﬁ @ Contains NA
Quantiy of Sample me: _ @ Contains NA
fcsp: ﬁ @ Contains NA
Carbons: ﬁ @ Contains NA
netatoms: — @ Contains NA
natce: — @ Contains NA

Search
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Search Forms
Keyword SMILES/SMARTS Chemical Draw

SMILES | SMARTS

0=C(NC1CCN(C(=0)Cn2c(C3CCOCC3)nc3ecec(F)e32)CC1)et cecc(Flct

Input SMILES/SMARTS representing molecules to be searched.

Query Type Similarity Threshold

o«

Substructure Query v 100%

Select your preferred query method. Specify similarity threshold from 1% to 100%.

< Advanced Search

Search Results (ZMEBRSEMIZEBUALEY D —ENRRIND L EMERT 5,

Search Results Column Information

Show 25 * entries Showing 1 to 2 of 2 entries Search:
PPI-ID Mol Image MwW XLogP PPI Type PDB ID Receptor Chain Protein Name Receptor
E000 482.52 3.145 helix 1haq 1hgg_C Streptavidin

o

§ |
O%
N,
s
N
F 494.53 2.96 motif 4eje 4eje B Tumor susceptibility gene 101 protein
(S O

G1CT

=

vy
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PROTEIN DATA BANK(PDB)AD7 72X

MG R A ENS PDB ID DV IMNEPDBD#EY R—INT I AT B,

P PPI Type PDB ID Receptor Chain

helix 1hqgq 1hgg_C

RCSB PDB  Deposit v Search v Visualize v+ Analyze v Download v Learn v More v

[='e] 159230 Biological
w Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligands
o Enabling Breakthroughs in

Research and Education
PROTEIN DATA BANK Advanced Search | Browse by Annotations

3D View Annotations Sequence Sequence Similarity Structure Similarity Experiment
Biological Assembly 1 1 H Q Q it

»
¢
MINIPROTEIN MP-2 (M9A) COMPLEX WITH STREPTAVIDIN
DOI: 10.2210/pdb1HQQ/pdb
Classification: UNKNOWN FUNCTION
Organism(s): Streptomyces avidinii
Expression System: Escherichia coli
Deposited: 2000-12-19 Released: 2003-09-16
Deposition Author(s): Yang, H.W., Liu, D.Q., Fan, X., White, M.A., Fox, R.O.
Experimental Data Snapshot wwPDB Validation © 3D Report || Full Report
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Resolution: 1.7 A Rfree (s T 0.250
R-Value Free: 0.249 Clashscore EE— 0 T 6
R-Value Work: 0.224 Ramachandran outliers I 0
@ 3D View: Structure | Electron Density Sidechain outliers I T 1.5%
RSRZ outliers T 13.4%
Worse Better
Standalone Viewers W Percentie relative to all X-ray structures
Protein Workshop | Ligand Explorer [ Percentile relative to X-ray structures of similar resolution

CIELel Syn'im‘etry: Dihedral - D2 @ (3D Viow) This is version 1.2 of the entry. See complete history.
Global Stoichiometry: Homo 4-mer - A4 @
Biological assembly 1 assigned by authors and

i D load
generated by PISA (software) Literature ownloa

OCnanfarmatinnal Fneamhla Analucie af | imand Rindinn in Qtrantavidin Mini-nratain
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ELM ID

DEG_SIAH_1

E I- The Eukaryotic Linear Motif resource for ~ [heerchetvpataace J
Functional Sites in Proteins

ELM Home ELM Prediction ELM DB ELM Candidates ELM Information ELM downloads Help

[ wEG_scFirRCP1t« — .DEG_SPOP_SBC_1» |
DEG_SIAH_1

Accession: ELMEo000241
Functional site class: Siah binding Motif

Functional site description: The members of the SINA/Siah family have domain architecture consisting of a RING domain, two zinc finger motifs and a
substrate/adaptor binding domain (SBD) that mediates the interaction with the binding partners.

ELM Description: The PxAxVxP motif was first described to confer a high-affinity binding to the Siah/PHYL interaction. It has been detected
in other Siah interacting proteins, including DCC, KLF10, OBF-1. The motif binds by partial Beta-augmentation. The present
pattern is stricter than proposed by = House,2006. It will find most verified instances but may miss some candidates.

Pattern: .P.A.V.P["P]

Pattern Probability: 0.0000271

Present in taxon: ‘= Metazoa

Interaction Domain: £ Sina (PF03145) Seven in absentia protein family PDB Structure: £ 2A25

(Stochiometry: 1: 1)

M See 9 Instances for DEG_SIAH_1
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Search Results £ Column Information

Show 25 4 entries Showing 1 to 2 of 2 entries

PPI-ID Mol Image MW

N5 B DF TRy I ATEF FEFEYVBRLILITES,

Choose the items to be shown

PPIIDLookup
PPI-ID

CompoundStructure

Molecule Image(RDKit)

CompoundProperty
MW(SDF)

XLogP(SDF)

) Num H Acceptors(SDF)
) Num H Donors(SDF)
7] PSA(SDF)

] nRotatableBonds(SDF)
PPI Type(SDF)

PDB ID(SDF)
Receptor Chain(SDF)

Protein Name Receptor(SDF)

71 ELM ID(SDF)
) Motif Sequence(SDF)
] fCsp3(SDF)

[} Additional Information

] Activity Value

) Similarity

See column information in detail from here

Sequential compound id (internal)
Molecular structure

Molecular weight of compound

Calculated XLogP

Number of hydrogen bond acceptors
Number of hydrogen bond donors

Polar surface area

Number of rotatable bonds

Type of 3D structure or Motif of PPI interface
PDB ID of PPI used for docking calculation
PDB ID & Chain ID of receptor in PPI

Protein name of receptor in PPI

eukaryotic linear motifs (ELMs) id (URL: http://elm.eu.org/)
ELM motif sequence

Fraction of carbons that are sp3 (f{Csp3) that captures "shapeliness" of a compound

Experimental PPI Activity value

Calculated molecular similarity
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3. Advanced Search

3.1. Physicochemical Search

YA RA=2—0D Physicochemical F7/zl&bv7X—I®D Physicochemical Search 5772 A§ 3,
MRER A HUE I H DR i P E BRI AT A A —THRETHILMNTED,
WREHE R DFRNBITOWTIXPPI Library Search% 28422,

Physicochemical Search

This search page allows you to filter compounds from the PPI chemical library by physicochemical properties.
Search Forms

The initial positions of the two cursors indicate the quartile deviations of 256% and 75% for each chemical property in the database, respectively.

< Refresh

459.6 498.4

Molecular Weight: 4 I i »

1.1 3.4

XLogP: 4 [} 1 »
4 7

Number of HB Acceptors: 4 11 »

1.2
Number of HB Donors: 4 I I 4
61.0 93.0
PSA: 4 1 1 »
6 8
Number of Rotatable Bonds: 4 | 1 »
4
Number of Rings: 4 4

12 /23



3.2. Druglikeness Search

YA RA=2—0D Druglikeness F/zlxby 7 X—T?D Druglikeness Search 6772 AT 3,
MRS EUEE H OB R F P L HRRD AT A H = F 2 IRV I ATHRETDIENTED,
MREBHE RO ERNEIZOWTIEPPI Library Search#& 83528,

Druglikeness Search

This search page allows you to filtter compound structures from the PPI library by drug-likeness indices (Lipinski's Rule of 5, the QED drug-likeness score,
a fraction of sp3 carbon atoms) and solubility.

Search Forms

2 Refresh
Num Lipinski RO5 Violations: 0
4 14
0.5 1.0
QED Weighted: ] 1 b
0.5 1.0
fCsp3: 4 I ’
Solubility: Moderately Highly Very Soluble Poorly Insoluble
PPI Type: Helix Motif Turn Strand
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4. Curation Search

4.1. Compound Search

B RA=2—0 CURATION SEARCH > Compound Search F/zl&bw7_—I®D Curation Data Compound Search 5
TIXAT D,
REE 52 DWTIEPPI Library Search& [k TH D0, BL D DA FELS,

© FU—RBREBIFATAB,

- Advanced Search TIX FHDIEHDARETSHIEMNTES, £72, PPI Activity TPPIDEM: - JEVEME (EER
) ZIETEIENTED,

= Advanced Search

Molecular Weight: ﬁ @ Contains NA
MW Monisotopi: _ @ ontains NA
Xeoge: _ @ Contains NA
MolLogP: _ @ Contains NA
He ﬁ @ Gontains NA
HBA Lipnsk ﬁ @ Contains NA
Hep: _ @ Contains NA
HBD Liinski: — @ Contains NA
psa: _ @ Gontans NA
Number of Rotatable Bonds: ﬁ @ ontains NA
Number o Ringe: — @ Contains NA
Aromatic ings: _ @ Gontains NA
Heavy Atoms: ﬁ @ Contains NA
QED Weighted: ﬁ @ Contains NA
PPI Activity: v ’

Active
Inactive
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- REBEHERTERTEINTIATI THOE) THD, Active IZIZPPIDERMEMIEVIREETH -G EIF vy

7“?%2‘%/‘]‘_\‘—&_60

Search Results Column Information

Show 25 % entries Showing 1 to 25 of 1,567 entries Search:
PPI-ID Mol Image Mw XLogP HBA HBD PSA nRotatableBonds nRings Common Target Pref Name
J3Q2 634.213 3.369 6 4 107.47 1 10 Runt-related transcription factor 1/Core-

binding factor subunit beta
D530 696.858 -1.206 12 4 145.76 3 12 HIF-1a/p300

Choose the items to be shown
PPIIDLookup
PPI-ID Sequential compound id (internal)
CompoundStructure
Mol Image(RDKit) Molecular structure
CompoundProperty,
MW(RDKit) Molecular weight of compound
~1 MW Monoisotopic(RDKit) Monoisotopic parent molecular weight
XLogP(CDK) Calculated XLogP
) MolLogP(RDKit) Calculated MolLogP
HBA(RDKit) Number of hydrogen bond acceptors
) HBA Lipinski(RDKit) Number of hydrogen bond acceptors calculated according to Lipinski's original rules (i.e., N + O count))
HBD(RDKit) Number of hydrogen bond donors
| HBD Lipinski(RDKit) Number of hydrogen bond donors calculated according to Lipinski's original rules (i.e., NH + OH count)
PSA(RDKit) Polar surface area
nRotatableBonds(RDKit) Number of rotatable bonds
nRings(RDKit) Number of ring systems

Aromatic Rings(RDKit) Number of aromatic rings
| Heavy Atoms(RDKit) Number of heavy (non-hydrogen) atoms
) QED Weighted(RDKit) Weighted quantitative estimate of drug likeness (as defined by Bickerton et al., Nature Chem 2012)
) Target Pref Name Target preferred name(Uniprots)
Common Target Pref Name Common target preferred name(Uniprots)
Additional Information
Active Experimental PPI Activity
| Activity Value Experimental PPI Activity value
) Similarity Calculated molecular similarity
See column information in detail from here

15/ 23
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4.2. Target Search

P RA=2—D CURATION SEARCH > Target Search E/zl&bvX—T® Curation Data Target Search »57 2
".’.’7\?60
Compound Search& LA D DAELS,

« F—TU—RRETIL Common Target Pref Name D;ER, EULIE Target Pref Name D5 —HIRKZTOI LN
TX5,

Search Forms

‘ Common Target Pref Name | Target Pref Name

1-acylglycerol-3-phosphate O-acyltransferase ABHD5/Perilipin-5

Select keyword to find molecules.

+ Advanced Search

- Advanced Search TIX FHMDIHHDAREKTZIEMNTES, THAE LOREVZHTT2HZLT Rule of 5.
Rule of 4 for PPI. Beyond Rule of 5 B&U ALl (2R DRESLMEFEHATHILHNTED,

= Advanced Search

ZRuleof5 < Ruleof4forPPl = & BeyondRuleof5 = < All

74.0 500.0
Molecular Weight: q I 14 Contains NA
-35.0 5.0
XLogP: ‘ 14 Contains NA
0 10
HBA: 4 | » Contains NA
0
HBD: 4 | b Contains NA
0.0 1763.0
PSA: ) v Contains NA
0 132
Number of Rotatable Bonds: q ’ Contains NA
0 13
Number of Rings: q P Contains NA

PPI Activity:
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5. Compound Information
L EYIREBRERD PPI-1D 227V 7§22 TIUEM T L DIEBIR—I BB T 2,

Search Results £ Column Information

Show 25 4 entries Showing 1 to 2 of 2 entries
PPI-ID Mol Image MW XLogP
E000 482.52 3.145
oii
CS
O§

L& YE B CIRERU AL A O FEMIE e R T2 Ze N TES,

DLiP

PPI LIBRARY SEARCH

CRLTEEEEE Compound Information
ADVANCED SEARCH Item Value

(o] Physicochemical KLNUMBER(SDF) KL-001-1269-864

O Druglikeness Mol Image(RDKit)

O Compound Search

O Target Search
o

CURATION SEARCH ° &

N
N

ABOUT ,)-O
N

About DB
- Standard Inchi(RDKit) InChl=18/C26H28F2N403/c27-19-4-1-3-18(15- 20-7-11-31(12-8; 4-21(28)5 4)30-25(32)17-9-13-35-14-10-17/n1-6,15,17,20H,7-14,16H2,(H,29,34)
nalysis

Standard Inchi Key(RDKit) RXEYMFLNNJIOFZ-UHFFFAOYSA-N
Acknowledgements

Ganonical SMILES(RDKit) 0=C(NG1CCN(C(=0)Cn2c(C3CCOCC3)ne3eces(Fle32)CC1)eTeace(Flot
Data Licensing

SMILES(SDF) clec(oe(c)F)C(=0INC2CCN(CC2)C(=0)Cnedc(ccccdFnc3C5CCOCCS
User Guide

MW(SDF) 48252

MW(RDKit) 482,531

MW Monoisotopic(RDKit) 482212947196

MolLogP(RDKit) 3.6295

XLogP(SDF) 3.145

XLogP(CDK) 3.269

Num H Acceptors(SDF) 7

nHAcceptors(SDF) 7

HBA(RDKit) 5

HBA Lipinski(RDKit) 7
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6. About

6.1. About DB

PARAZa—D About > About DB ST 7R A5,

DLiP &~

PPI LIBRARY SEARCH

O Compound Search About DB
e el About PPI Library

Oihysicochspical This database contains 15,000 compounds expected to PPl inhibitions and selected from a virtual compound library (K-Library developed by Kishida Chemical Co. Ltd., ~8M
O Druglikeness compounds). We conducted docking calculation against the virtual library on PDB structures of known PPl targets. Then, we selected and synthesized about 100 compounds
from each target. Furthermore, our PPl library also includes novel compounds with new scaffolds and unique 3D shapes (sphere-like structures). Thus, our PP library is useful
for medium-sized drug discovery.

About Database

This database has been developed by Keio University and PeptiDream Inc. During this development, NIBIOHN supports and advises this project. This work is supported by
AMED (Japan Agency for Medical Research and Development) grant.

CURATION SEARCH
O Compound Search

O Target Search

ABOUT

O About DB

O Analysis

O Acknowledgements
O Data Licensing

O User Guide
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6.2. Analysis

YA RAZ2—0D About > Analysis 6T 7L AT 5,

DLiP a-
PPI LIBRARY SEARCH

O Compound Search Analysls

ADVANCED SEARCH The overall characteristics of our PP library compounds, known PPl inhibitors, and FDA approved small molecule drugs were analyzed.

O Physicochemical

We have made histograms of physicochemical properties (molecular weight, ALogP, number of rings, number of hydrogen acceptors, number of rule-of-4 violations), density
O Druglikeness maps of principal moment of inertia as well as frequent ring structures for PP! library compounds and known PPl inhibitors.

CURATION SEARCH

O Compound Search

O Target Search MO'ECU|3.I’ Welght
80
75 .
ABOUT 0 PPI Library (Red)
- ! Blue: Small Mol Drugs (Blue)
out DB 65 i . a .
PPI Inhibitors in Public DB (White)
O Analysis 60
O Acknowledgements 55
O Data Licensing 50
X
O User Guide f_. 45
c
o 40
% 35
& 3
25
20
15

: ol ﬂﬂnﬂ

25 75 125 175 225 275 325 375 425 475 525 575 625 675 725 7

(<]

d
3
5
3
©o
=

:n'i
oF
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6.3. Acknowledgements

PARAZ2—0D About > Acknowledgements 677 AT 3%,

DLiP

PPI LIBRARY SEARCH
SEARCI This research is supported by Japan Agency for Medical Research and Development, AMED.
O Compound Search

ADVANCED SEARCH

O Physicochemical

O Druglikeness

CURATION SEARCH
O Compound Search

O Target Search

ABOUT

O About DB

O Analysis

O Acknowledgements
O Data Licensing

O User Guide
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6.4. Data Licensing

YA RAZa2—0D About > Data Licensing 67712 AT 5,

DLiP

PPI LIBRARY SEARCH ) . -
Academic users can freely use the DLIP database for non-profit aim.
O Compound Search Non-academic users must contact us (dlipcontactus@gmail.com).

ADVANCEDISERRCE Without any registration, everyone can login DLIP for evaluation by entering the following usemame and password.

O Physicochemical - Sign in URL: /accounts/login/?username=anonymousa&password=evaluation
- Usemname: anonymous

O Druglikeness X
- Password: evaluation

CURATION SEARCH

O Compound Search

O Target Search

ABOUT
About DB
Analysis
Acknowledgements
Data Licensing

User Guide
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6.5. User Guide

YA RA=2—D About > User Guide 677X AT 3,

DLiP

PPI LIBRARY SEARCH
O Compound Search
ADVANCED SEARCH
O Physicochemical

O Druglikeness

CURATION SEARCH
O Compound Search

O Target Search

ABOUT

O About DB

Analysis
Acknowledgements

Data Licensing

o
[¢]
(e]
[¢]

User Guide

Column Information

Column Name

PPI-ID

Compound Property Molecular Weight
MW Monoisotopic
MolLogP
XLogP
Num H Acceptors/HBA
HBA Lipinski
Num H Donors/HBD
HBD Lipinski
PSA
nRotatableBonds
nRings
Aromatic Rings
Heavy Atoms
QED Weighted

PPI Chemical Library Feature PPl Type
PDB ID

Receptor Chain

Description
Unique compound id (internal)

The information source of compounds can be identified by an initial character of PPI-ID.

K: iPPI-DB

A: 2P21-DB

D: TIMBAL

J: ChEMBL

B: Journal of Medical Chemistry

C,E, F, G, H, and I: newly synthesized in DLIP

Molecular weight of compound

Monoisotopic parent molecular weight

Calculated MolLogP

Calculated XLogP

Number of hydrogen bond acceptors

Number of hydrogen bond acceptors calculated according to Lipinski's original rules (i.e., N + O count)
Number of hydrogen bond donors

Number of hydrogen bond donors calculated according to Lipinski's original rules (ie., NH + OH count)
Polar surface area

Number of rotatable bonds

Number of ring systems

Number of aromatic rings

Number of heavy (non-hydrogen) atoms

Weighted quantitative estimate of drug likeness (as defined by Bickerton et al., Nature Chem 2012)
Type of 3D structure or Motif of PP interface

PDB ID of PPI used for docking calculation

PDB ID & Chain ID of receptor in PPI
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