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* 1, D3R grand challenge: We collect data from
industry and academic groups and run blind
challenges for pose, binding affinity, free
energy predictions.

e 2, Continuous Evaluation of Ligand Pose
Prediction (CELPP) : weekly cross-docking

challenge.
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ABOUTv  CHALLENGES v COMMUNITY RESOURCES v

An Open Resource to Advance Computer-Aided Drug Design

Advancing the technology of computer-aided drug discovery

through the interchange of high quality protein-ligand datasets,
workflows and community-wide blind data challenges.
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CADD Datasets Community Challenges
D3R will make datasets available to the community. D3R will engage the community through blind prediction
challenges.

Welcome to the Drug Design Data Resource Community. D3R is funded in

part by NIH grant 1U01GM111528 from the National Institute of General
Medical Sciences

Recent News Entries

D3R at ACS San Francisco

ﬁ D3R Webinar - March 27, 2017
N
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CADD Workflows

D3R will provide a forum for the deposition,
dissemination, and discussion of such workflows.

Contact Us

Hosted at the University of California, San Diego

9500 Gilman Drive
La Jolla, CA 92093
United States

&, 858-534-9629
1B 858-534-9645
@ iondaia




CELPP Motivation

" Friday

night

compound inchi string
and protein seq

RCSB PDB provides compound INCHI strings and the protein
polymer sequence four days prior to the release of their 3D
coordinates, which gives an opportunity to predict small
molecule protein docked poses each week.



Section 1 -- Data import
Downloads the pre-released
RCSB PDB ligand inchi string and protein seq

Section 4 -- evaluation Section 2 -- blastnfilter
Evaluate the pose CELPP is a Python Selects appropriate
Prediction against the b cross-docking targets

ased workflow .
released crystal structure and upload to our website

Section 3 -- docking
Participants do their own
docking and upload the results



CELPP week

CELPP week start
CELPP week ‘/
Monday Tuesday Wednesday | Thursday Friday Saturday Sunday
r
3:01 pm )
External
submissions
k(lowl\loa(!etl
~ N Start of data
8:01 pm preparation
Challenge for CELPP
submissions Challenge
are evaluated
\ W,
[12:01 am Sunday to J [ 3:00 pm Tuesday to Q J [Usor ]
2:59 pm Tuesday 12:00 am Sunday submissions
User submissions accepted No user submissions allowed during this time accepted

Times are in Pacific Daylight Time




Section 1: Data import

CELPP week start
CELPP week ‘/
Monday Tuesday Wednesday | Thursday Friday Saturday Sunday
r
3:01 pm R
External
submissions
kclmnmloa(led r
9:0
a ) su:t‘:f“dm
8:01 pm preparation
Challenge for CELPP
submissions Challenge
are evaluated
\_ N
[12:01 am Sunday to ][ 3:00 pm Tuesday to Q J [User J
2:59 pm Tuesday 12:00 am Sunday submissions
User submissions accepted No user submissions allowed during this time accepted

Times are in Pacific Daylight Time




Section 1: Data import

 CELPP download the RCSB PDB pre-released

1, compound International Chemical Identifiers (INCHI) strings
(query ligand)

PDBID Ligand ID Inchi string
S[SASENE R InChl=1S/C8H10BrNO/c9-7-3-1-6(2-4-7)8(11)5-10/h1-4,8,11H,
5,10H2/t8-/m1/s1

2, the protein polymer sequence (query protein)

PDBID Sequence number Sequence

5154 1
STGSATTTPIDSLDDAYITPVQIGTPAQTLNLDFDTGSSDLWVFSSETTASEVDGQTIYTPSKSTTAKLLSG
ATWSISYGDGSSSSGDVYTDTVSVGGLTVTGQAVESAKKVSSSFTEDSTIDGLLGLAFSTLNTVSPTQQKT
FFDNAKASLDSPVFTADLGYHAPGTYNFGFIDTTAYTGSITYTAVSTKQGFWEWTSTGYAVGSGTFKSTS
IDGIADTGTTLLYLPATVVSAYWAQVSGAKSSSSVGGYVFPCSATLPSFTFGVGSARIVIPGDYIDFGPIST
GSSSCFGGIQSSAGIGINIFGDVALKAAFVVENGATTPTLGFASK




Section 2 — blastnfilter

CELPP week start
CELPP week -
Monday Tuesday Wednesday | Thursday Friday Saturday Sunday

)
3:01 pm
External
submissions
downloaded

9:01 pm

( \ Start of data
8:01 pm preparation
Challenge for CELPP
submissions Challenge
are evaluated

[12:01 am Sunday to J [ 3:00 pm Tuesday to J [User ]
2:59 pm Tuesday 12:00 am Sunday submissions
User submissions accepted No user submissions allowed during this time accepted

Times are in Pacific Daylight Time

CELPP blasts the query sequence against the PDB database and finds similar proteins as
hits, and then we filter them using few rules to get the final docking candidates.



input query sequence
with ligand information
¢ Blastnfilter workflows:

Quenliier Part 1: Query filter

1, must be monomer
2, must have dockable ligands
3, must be protein sequence

|

(ﬂo_ pass the filter ? ‘Ye—sw
Discard qualified query

sequence



qualified query PDB blast
sequence database

N o

run blast and hit filter:
1, %identity must be higher than 95%
2, Y%coverage must be higher than 90%
3, experimental methods must be x-rays

l

Yes No

F_ pass the filter ? ﬁ

qualified query
sequence with all
qualified hits as
potential candidates

Discard

Blastnfilter workflows

Part 2: Blast and hit filter



MCSS: Maximum
Common Substructure

qualified query
sequence with all
qualified hits as
potential candidates

v

candidate filter:

1, LMCSS filter

2, SMCSS filter
3, hiTanimoto filter
4, hiResHolo filter
5, hiResApo filter

|

Blastnfilter workflows

Part 3: candidate filter

—

LMCSS
(candidate
protein with
ligand sharing
the largest
MCSS to the
target ligand)

v

LMCSS
(candidate
protein with
ligand sharing
the largest
MCSS to the
target ligand)

l

SMCSS

|

hiTanimoto

|

—

(candidate (candidate h;l;iesrg:{o h(lrlﬁgﬁ':sto
protein with protein with resglution resolution
ligand sharing ligand sharing Pl e unbound
the smallest highest gcandidate candidate
MCSS to the structural tei tei
target ligand) similarity to the protein) protein)

target ligand )

/ v

SMCSS, hiTanimoto, hiResHolo, and hiResApo structures
are all aligned to LMCSS. And for all candidate proteins with
ligand (LMCSS, SMCSS, hiTanimoto, hiResHolo) only the
chain with ligand will be retained.



Query PDBID

Query LigandID

Heavy atom num

Candidates info
Type,

PDBID,
LigandID

Blastnfilter reports

query, 5is4

ph, 4.6

ligand, 6LY

inchi, InChl=1S/C8H10BrNO/c9-7-3-1-6(2-4-7)8(11)5-10/h1-4,8,11H,5,10H2/t8-/
m1/sl

size, 12

rotatable_bond, 2

LMCSS, 4y4j, LNR, chain: A, (size: 13, mcss_size: 11, resolution: 1.03)

LMCSS, 4y5k, 489, chain: A, (size: 12, mcss_size: 11, resolution: 1.44)
SMCSS, 4y4d, CFF, chain: A, (size: 14, mcss_size: 3, resolution: 1.27)
hiResHolo, 1oew, SUI, chain: A, (resolution: 0.9)

hiResApo, 4y5lI

hiTanimoto, 4y5k, 489, chain: A, (tanimoto_similarity: 0.70, resolution: 1.44)



After blastnfilter, we release the data package through box.com

Files we release

readme.txt
center.txt
new_release crystallization_pH.tsv
new_release_structure_nonpolymer.tsv
new_release_structure_sequence.tsv
<target id>/
<target id>.txt
hiResApo-<target id>_<candidate id>-<candidate ligand id>.pdb
hiResHolo-<target id>_ <candidate id>-<candidate ligand id>.pdb
LMCSS-<target id>_<candidate id>-<candidate ligand id>-1ig.pdb
LMCSS-<target id> <candidate id>-<candidate ligand id>.pdb
SMCSS-<target id>_<candidate id>-<candidate ligand id>.pdb
lig <target ligand id>.smi
lig <target ligand id>.inchi
lig <target ligand id>.mol




Section 3 —docking

CELPP week start

CELPP week
Monday Tuesday Wednesday | Thursday Friday Saturday Sunday
Caad )
3:01 pm
External
submissions
downloaded
N~ 9:01 pm
( \ Start of data
8:01 pm preparation
Challenge for CELPP
submissions Challenge
are evalpated
-
12:01 am Sunday to 3:00 pm Tuesday to s User
2:59 pm Tuesday 12:00 am Sunday submissions
User submissions accepted No user submissions allowed during this time accepted

Times are in Pacific Daylight Time

1, Ligand and protein preparation
2, Grid generation and docking

Participants could join in the challenge in this stage with customized preparation
and docking methods and send us the docked poses for evaluation.



After docking, participants will send the docked structures to box.com

Files which we get from participants

<target id>/
LMCSS-<target id> <candidate id>_docked.pdb
LMCSS-<target id> <candidate id> docked.mol
SMCSS-<target id> <candidate id>_docked.pdb

SMCSS-<target id> <candidate id>_ docked.mol
hiResHolo-<target id> <candidate id>_docked.pdb
hiResHolo-<target id> <candidate id> docked.mol
hiResApo-<target id> <candidate id>_docked.pdb
hiResApo-<target id> <candidate id>_ docked.mol




CELPPade will help handle the data downloading and uploading, and it
provides a template for ligand, protein preparation, and docking.

EAEENE Docked
data structure

= Yo|| Search

What can users write?

An Introduction to CELPPade

@ Drug Design Data Resource




Section 4 — Evaluation

CELPP week start
CELPP week «
Monday Tuesday Wednesday | Thursday Friday Saturday Sunday
¢ i)
3:01 pm
External
submissions
downloaded
\——) 9:01 pm
( \ Start of data
8:01 pm preparation
Challenge for CELPP
submissions Challenge
are evaluated
——
£12:O1 am Sunday to J( 3:00 pm Tuesday to G ] [User J
2:59 pm Tuesday 12:00 am Sunday submissions
User submissions accepted Uo user submissions allowed during this time accepted

Times are in Pacific Daylight Time

1, Evaluate the pose prediction using multiple scoring matrixes like RMSD, RSCC
and potentially ROCS, protein ligand interaction fingerprint etc.

2, We will then send the overall statistics to the participants.



Below is the RMSD result of an internal submission using Glide

Target_PDBID LMCSS SMCSS hiResApo hiResHolo hiTanimoto
Number_of cases 22 22 11 22 22
Average 4.654 5.887 5.667 4.309 5.722
Minimum 0.347 0.387 1.156 0.664 0.347
Maximum 12.184 21.465 12.241 14.828 12.184
S5ka3 0.846 6.635 1.142 0.846
Suud 1.324 2.287 2.071 1.327 9.255
Suua 3.999 3.521 4.004 3.229 3.999
Suub 4.007 3.589 4.036 3.25 4.007
5jsl 10.608 9.737 5.931 10.608
5113 10.201 11.272 9.432 11.352
S5vOu 0.66 5.082 4.821 5.082 5.082
5ur3 6.909 6.005 12.241 6.005 6.909
S5ka7 0.867 6.61 1.181 0.867
5i96 12.184 6.781 6.781 12.184
1fcz 0.347 0.387 0.664 0.347
Skab 0.836 6.718 1.227 0.836
5ggz 0.519 0.948 1.156 1.111 7.322
5uu’ 4.006 3.53 4.019 3.247 4.006
Suu8 4.045 3.572 4.042 3.242 4.045

S5lwo 3.351 3.284 3.585 3.351



Using other metrics to evaluate the pose prediction?

Motivation: Some cases found in the D3R grand challenge
evaluations suggested that beside RMSD, other pose
prediction evaluation matrixes like RSCC maybe also useful.

RSCC: real-space correlation coefficient is a measure of the
similarity between an electron-density map calculated
directly from a structural model and one calculated from
experimental data.



RMSD vs RSCC - Case 1

In most of the cases, RSCC results agreed with the RMSD,
while there are several outliers

Case 1:
rscc_d/rscc_c=0.86 RMSD=8.4

The rscc score is good while the RMSD is not

Yellow: crystal ligand
Green: docked ligand



RMSD vs RSCC- Case 2

Green: crystal ligand
Red: docked ligand

Case 2:
rscc_d/rscc_c=0.96 RMSD=1.6
The RSCC is perfect and the RMSD is

also good while could we make the
RMSD better?



RMSD vs RSCC — Case 3

Case 3:
rscc_d/rscc_c=0.16 RMSD=1.7

The RMSD is good while the RSCC is not

Yellow: crystal ligand
Green: docked ligand



Lessons learned from RMSD vs RSCC

1, RMSD has advantage if the ligand just shifts a little bit
—case 3

e 2, RSCC suggests that we may need different crystal
models —case 1, 2

* 3, We may need other metrics like protein ligand
fingerprint, ROCS score etc.



How to participate?

CELPP overview: drugdesigndata.org/about/celpp

Google group: groups.google.com/forum/#!forum/celpp-
developers

CELPP GitHub Wiki:github.com/drugdata/d3r/wiki

Contact us directly at drugdesigndata@gmail.com
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