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Why Is docking difficult?

Binding sites are complicated
Lots of interactions to consider
Everything in competition with water
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Why IS docklng dn‘flcult to automate’?
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The ZINC Database

http://zinc.docking.org

v e .
AFree .. [+1Gmail - Inbox (1) - jir32.., ChEMEL Team Home Pa.., 2 ZINC - A free database...

21 million compounds
commercially available

chelp [ otrs n disi i_)_. logs ) IP Address Locatar - ... -"l Google Apps [ 401 Authorization Re. ..

oo [ dOCKING.OFY

A free database for virtual screening

UGSE University of California, San Francisco | About UCSF | Search UCSF | UCSF Medical Center

ersion 8

structures calculated
multiple conformations

properties (charge, solv, etc..

links to suppliers
Free to the community
Multiple subsets
8.8 M drug-like (Lipinski)
3.4 M lead-like (Oprea...)
450 K fragment-like (Astex, ...)
Availlable in popular formats

SMILES, SDF, mol2, flexibase

Irwin & Shoichet JCIM 2005

By Froperty

All catalogs

Micro Vendors
Small Vendors
Eigvendors
Mot-for-sale catalogs
Ieta subsets
User-created
User-Uploaded

By Annotation

Synthesis on Request

s and Chemical Informatics Research Center (@ UCSF. Last updated Aug 6, 2009. questions and discussion to zinc-fans at do
any other correspondence to comments at docking.org. Terms of use. Privacy policy.

Updated continuously (10,000 new today)
Over 2 million new compounds per year
Over 1 million depletions per year




Compound Vendors in ZINC
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Some Database Preparation Pitfalls

Nuisance compounds (filter or annotate)
Stereochemistry

Protonation / Charge KIDA
"

Tautomers
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N(1)-H form, 85 % N(2)-H form, 15 %
R =ribose
Formycin A (FA)

Formycin A, an adenosine bioisostere, augments insulin release
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Irwin*, Shoichet, Mysinger
etal. J Med Chem 20009,
52,5712-20
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Prepare input = ¢y
Y :

»

Home . FREAHE

o Targgt Prep Calibration 5ocking
Preparer Scrutinizer O d Bun Dome . O Run Dore o R Results

Welcome to the DOCK Blaster Job Preparation Form! To start

docking, please complete the form below. If you need help, please read the Leave A Message
documentation. We urge you o attempt at least one futorial using prepared
data before attemping to use DOCK Blaster with your own data. R

Target - rec_pdb
Indicate binding site |+ | xtal-lig.maol2
Actives: actives.smi
Inactives: inactives_smi

Email for reports :|ji@cqgl.ucsf edu {(optional)

Live Help Offline

By clicking "DOCK!" you agree to - .
the Terms and Conditions. Optional PIN:

The aim of this calculation is...?

Angiotensin IT converting enzyme (ACE) from the DUD benchmark. This

run uses a ligand to both indicate the binding site and as a control,
and includes annotated actives and computed property matched decoys
from the DUD benchmark.

CGfaCtOr.par: Choose File | Mo file chosen Exper‘t.tar: Choose File | Mo file chosen
Expert Help

A product of BCIRC, the Bioinfomatics and Chemical Informatics Research Center (@ UCSF. Last updated Feb 11, 2009.
questions and discussion to blaster-fans at docking.org; bug reports to support at docking.org; any other
correspondence to comments at docking.org. Terme of use. Privacy policy.




M Is docking working?

Pose-fidelity Enrichment / Rank

ACE (automated)

10
% of ranked database

Single ligand metric and multi-ligand metric

Measured by rank vs
Measured by RMSD (A) physically matched decoys




DUD - a Directory of Useful Decoys

How It was Assembled

Annotated ligands + ZINC (~ 3.5 million compounds)

2D dissimilarity
analysis

A\ 4

Annotated ligands + 1.5 million of ZINC
compounds (Tc < 0.7*

against any annotated ligand)

1D similarity analysis
(MW, HBacc, HBdon,
LogP and RB)

A 4

Annotated ligands + DUD decoys (~33 decoys per ligand)

Huang, Shoichet*, Irwin*, J. Med. Chem. 49, 6789 — 6801 (2006)




Benchmarking Virtual Screening with DUD

Protein

Number
of
ligands

Protein

Number
of
ligands

Protein

Number
of
ligands

Protein

Number
of
ligands

ER

antagonist

40

FGFrl

118

Thrombin

65

33

ER

agonist

67

SRC

162

COMT

12

26

AR

74

P38 MAP

234

ADA

23

25

RXRa

20

PDGFrb

156

ACE

49

33

PPARg

81

VEGFr2

74

PDES

50

39

MR

15

CDK2

50

GART

21

GR

/8

TK

22

DHFR

85

PR

27

Trypsin

43

AmpC

21

35

23

fXa

GPB

52

25

HIVPR

53

NeuA

49

Huang, Shoichet*, Irwin*, J. Med. Chem. 49, 6789 — 6801 (2006)




9 DOCK Blaster - A Vit S ZINC is not cormmerci... @ DUD - A Directary of ... = Entrez PubMed

UCgE university of California, San Francisco | About UCSF | Search UCSF | UCSF Medical Center

DUD Is free

g Welcome to DUD, a directory of useful decoys for benchmarking virtual screening. DI iz
2 9 5 O I - d designed to help test docking algorithms by providing challenging decoys. It contains:
, igands

+ A total of 2,950 active compounds against a total of 40 targets

* For each active, 36 "decoys" with sitmilar physical propetties (e.g. molecular weight,
9 5 y 3 5 8 d e C OyS calculated LogP) but dissimilar topology.

DUD iz prowded by the Shoichet Laboratory in the Departtnent of Pharmaceutical Chemistry at the
Tniversity of Califernia, San Francisco (TCEE). To cite DUD, please reference Huang, Shoichet
and Irwin, migniscript submitied for pubificatian [will be updated]. "We thank NIGKS for
financial support (GT71826). For correspondence about DUD, please write Tohn Trwin {1 at cgl
dot ucsf dot edu

DUD iz dravwn from ZIMC, a database of commerically avalable cotmpounds for wirtual screening,
I I I O 2 O I I I at go compeunds m DUD are purchasable, although some may become depleted in the fiture. You
may dewnload DTTD either in packages (zome of which are large!) or you may browse the files and

All docking files |

Downloads

DUD

A Directory of Useful Decoys

+ Nfulti-target packages:
o Al DUD Lisand sets (mel2 format)
o A DUD Decoy sets (mol? format)
2 Al targets (PDBE format)
o Al structural beand controls (mel? format)
o Everything! All files for all targets

+ Browse hgands and decoys

= “ ' ]

dud.docking.org




% of known ligands found % of known ligands found

% of known ligands found

*Own

PNP (automated)

1 10
% of ranked database

NA (automated)

1 10
% of ranked database

TACE (automated)

1 10
% of ranked database

ecoys” are most

% of known ligands found % of known ligands found

% of known ligands found

cox1 (automated)

1 10
% of ranked database

TcomT (automated)

1 10
% of ranked database

ITrypsin (automated)

1 10
% of ranked database

% of known ligands found % of known ligands found

% of known ligands found

| PDE5 (semi-automated)

challenging

% of known ligands found

1 10
% of ranked database

] SAHH (automated

1 10
% of ranked database

|Thrombin (automated)

% of known ligands found

% of known ligands found

1 10
% of ranked database

Blue = all DUD, Red = own decoys, grey = random

] AmpC (automated)

1 10
% of ranked database

|GART (semi-automated)

1 10
% of ranked database

JAChE (automated)

1 10
% of ranked database
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Prepare input = ¢y
Y :

»

Home . FREAHE

o Targgt Prep Calibration 5ocking
Preparer Scrutinizer O d Bun Dome . O Run Dore o R Results

Welcome to the DOCK Blaster Job Preparation Form! To start

docking, please complete the form below. If you need help, please read the Leave A Message
documentation. We urge you o attempt at least one futorial using prepared
data before attemping to use DOCK Blaster with your own data. R

Target - rec_pdb
Indicate binding site |+ | xtal-lig.maol2
Actives: actives.smi
Inactives: inactives_smi

Email for reports :|ji@cqgl.ucsf edu {(optional)

Live Help Offline

By clicking "DOCK!" you agree to - .
the Terms and Conditions. Optional PIN:

The aim of this calculation is...?

Angiotensin IT converting enzyme (ACE) from the DUD benchmark. This

run uses a ligand to both indicate the binding site and as a control,
and includes annotated actives and computed property matched decoys
from the DUD benchmark.

CGfaCtOr.par: Choose File | Mo file chosen Exper‘t.tar: Choose File | Mo file chosen
Expert Help

A product of BCIRC, the Bioinfomatics and Chemical Informatics Research Center (@ UCSF. Last updated Feb 11, 2009.
questions and discussion to blaster-fans at docking.org; bug reports to support at docking.org; any other
correspondence to comments at docking.org. Terme of use. Privacy policy.




Fail to
identify receptor ligand & recento
| Scrutlnlzer Insoluble
receptor resolve problems or stop problem
Preparer Fail to
Protonate receptor, assign| =) |prepare one
AUtO m ate d parameters, plck decoys or more

RMSD or

Evalutate docking model
rank=5%

plpellne for pose fldellty, rank.

Docker
resolve problems or stop

dockin 9 Callbrator ] pose>2A

Assessor
Reports and analysis




Try docking four ways

Scoring

Polarized | AMBER
Coarse #1 H2
Fine #3 H4

o
=
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=
©
p

Thus four docking runs with four different parameters




Starting point: http://blaster.docking.org

Choose: Start with a PDB code

f Y — 1
u{ [ Gmail - Inbox - jir3Z2@agma. . , 1 Grnail - Inbo: - jir322@gma.. ., A J" DOCK Blaster - A Free Yirtu,., E\T—

L C i hit/blaster.docking.org/

zine blog [ blaster [ Raphael livehelp [ otrs disi 3] logs IP Address Locator - ... *8 Google Apps [ 401 Autharization Re...
X & ] 0 0 ) h

Cocumentation « - Mailing Lists i : w
started service for structure-based ligand discovery. DOCK Blaster aims to
answer the e Ehould | purchase and test for activity against my biological target for

wihich | has

DOCK Ela{— _ '- abaratary in the Department of Pharmaceutical Chemistry at the
Liniversity d S bE). To cite DOCK Blaster, please reference Irwin, Shaoichet, Mysinger et
al., "Autom e S A=) study”, J. Med. Chem. 2008, 52{18), pp 5712-5720.

Examples of Lse

Frequent Questions
About DOCHK and ZINC

About ECIRC

Shoichet | aboratory

LUCSF Pharmaceutical Chemistny
Acknowledgements

Howe much is DOCK Blaster used?

A product of BCIRC, the Bioinfomatics and Chemical Informatics Research Center (@ UCSF. Last updated Aug 6, 2009. Please direct
correspondence as follows: questions and discussion to blaster-fans at docking.org; bug reports to support at docking.org; any other
correspondence to comments at docking.org. Terms of use. Privacy policy.

Caveat Emptor: Ve
accept no responsibility
for errors arising from the
Lse of this service. Itis
provided in the hope that
it will be useful, but you
must Lse it at yaur own
risk.




Pick a PDB Code for docking. Click DOCK!

B v Y —
M [+ @mail - Inboy; - jir3Z2@gma. .. [~ @mail - Inbox - jir3Z2@gmas ., | J" DOCE Blaster - & Free Virtu, ., E*ﬂ} -

< C | % hittp:/blaster docking.org/parser, shitml

% snc @ blog JU] tlaster [ Raphael [ leeheln [ otes [ disi 3] loos @) 1P AddressLocator- .. 28 Google Apps [ 401 Autharization Re... [ other bookmarks

Dock PDB target

Home . |nleletAM8 Cocymentation - Mailing Lists -

o Target Prep Calibration ocking ]
Preparer Scrutinizer S Do B Tt e B el Results

Welcome to the DOCK Blaster Parser, where you can start docking with just a PDB code”
To start you need a target {and sometimes a ligand). To get a FDE code: (* restrictions apply)

* Tofind a PDB code, you may search the FDE.

o [or a demonstration that will work, tny human thyroid receptor beta (PDE code TN46).
o You may pick from a list of 9870 eligible structures containing a ligand

o Orif you want to take your chances, try clicking: "I'm Feeling Lucky" (below)

Some documentation is available.

FOE dode : 1ndg| PE70 eligible PDE structures with ligand, FDE 2008-08)
Ligand : (optional)
Email ; (optional)
The aim of this experiment is

By clicking "DOCK!" you agree to the Terms and Condition€ [ Dock | >[ I'm Feeling Lucky

A product of BCIRC, the Bioinfomatics and Chemical Informatics Research Center ¢@ UCSF. Last updated Aug 6, 2009. Please direct correspondence as follows: questions and
discussion to blaster-fans at docking.org; bug reports to support at docking.org; any other correspondence to comments at docking.org. Terms of use. Privacy policy.




Review docking hits. Click on “CHIMERA”

7] DOCK Blaster - A Free Yirtu... G

= C ¢ htp:/blaster.docking.org/cgi-bin/resultsbrowser pl?job_id=396698i=run. 128pin= P G~ F~

z zinc ¢ blog i_JJ' blaster | Raphael n livehelp [ otrs n disi ﬁ; logs () IP Address Locatar - .., ..‘I Google &pps [ 7] 401 Authorization Re. ..

[ other bookmarks

Results Browser
Job #39669

Home . |nleletAM8 Cocymentation - Mailing Lists - o 3 RS ‘

Target Prep Calibration ccking _
'd Run Done  @'d Run Dong Qd Run Results

Preparer Scrutinizer

not finished
These incomplete results of a running job are 7 minutes old. Please wait 25 minutes to refresh Leave A Message

Files supplied: Beceptor, Ligand,

P

Live Help Offline

Visualize uaing:._r,:;, CHIMERA ﬁ PYMOL  Important note about broken maolecules.
Cownload hits: PDE SDE EEL1 mol2

& Get Chimeral dfé? Get Pymoll

Rank

ZINC ID Compound Availability Properties Annctations
Score kcalimol
10 v Mt 231.231
19517626 ¢ xLogP: -0.60
-111.14 7 Aurora BuildingBlocks bb-kuk 083487 ggg%ﬁd‘_g
SIMILAR [~ UkrOrgSynthesis (Depleted) BEBY-087716 o
o L : # Protomers: 1
[CLSEA i mbinter.BBY-057716 Contact 160
& %m Aurora Feinchemie:bb-kuk-083487 ES 11315 VdW: -19.99
SIEY ooc Desoly p=22 97, ap=-
PLB 097

TimTec Building Blocks: SEEOO7A69
AsinexBASO0S00340
Enamine (Depleted) TOS05-2395




Review hits in Chimera...

®

Documents rou

m

m

k.

BEE

Camera | aide View | Rakation | Effects | Lighting |

! T momic e Dlembene 8 Came Uivko L

rization Re...

ViewDock - http://blaster.docking.org/cgi-bin/getfile4. pl?job=39669.h=09.f=r... (]

File Compounds

Column  Selection  Chimera HBonds  Maovie

Energy score

W 2 ZINC151563604
W 3 ZINC31287867 -107.91
W 4 ZINCZZ2178329 -107.67
W 5 ZINC19422208 -106.72
W 6 ZIMC20149555 -106.6
W 7 ZINC15746425 -106.22
W & ZINCZ0Z55718 -106.19
W 9 ZINCZZZ20643 -105.94
W 10 ZINC19450954 -105.73
Chimera Model #1.1
Nunber 2 1
Source num @ 1
hidot Name } } H ZINC1951762§ } )
LDescription : (28)-Z-(lH-indole-3-carbonylaminolpropanoic
Energy score H -111.14
wan der Waals component H =13_133
electrostatic component H -113.15
polar solwation component H Z2.97
apolar solwvation component 8 =0.37

Change Compound State
(* viable " Deleted " Purged

Hide | O1

u Show all downloads. ..

|]]. 3 —, 0( £



#1. Self-assessment

1. Remove ligand from receptor 2. Rebuild ligand without bias

3. Dock ligand and 100 phyisically- 4. Evaluate pose-fidelity, enrichment
matched decoys using 4 parameter sets

Scoring

S seonng
ol | Nomal

Coarser 1.32 A / 9%

I I 2.02 A /3%

Sampling




#2. Pose fidelity does not predict
enrichment

)
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Fry
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w
o
o

Astex-85 benchmark

Experiment: re-dock crystallographic ligand and 100 property-matched decoys




#3. Large benchmark

|Description

Ligand docked / scored
|Good pose achieved
Good pose and rank

Fully automatic docking starting from PDB code
(and ligand specification as required)




Four i1deas

Automatic self-
assessment

Pose fidelity does not
predict enrichment

Large benchmark

Public service

| Polarized [ Nomnal |
I I 1.32 A /9%

Coarser
Finer

2.02 A /3%




DOCK Blaster Is free to use

l.l%; University of California, San Francisco | About UCSF | Search UCSF | | UGSFHMW Center dOC]ﬂIl[[.D

pﬂqu
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.org/
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Welcome (@ en g ElGE cess service for structure-
based ligarjs : _ b to answer the following
question: Start with a structure hase and test for activity

ccldnll  Start with a PDB code a structure?

LI DOCK! - DGEUH‘IPHI’!IIOH M’illlngLHIq.

Doq:r | mifeeling lucky! aboratory in the Department
of Pharmaqueli=y =R of California, San

Francisco | lease reference Irwin et al.,
; Browse Jobs

The normal place to start is here. To skip ahead, try the tutorials which
lllustrate by example some common applications. To back up to the
bigger picture, try this. Or try one of these links:
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et started

DOCK and ZINC

BCIRC

Shoichet Laboratory

UCSF Pharmaceutical Chemistry
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How much is DOCK Blaster used?

http




