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Docking is Ligand Discovery Tool
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Why use Dock?

Applications of docking
Virtual Screening given a protein and database of molecules find those that bind.

Give a molecule and a protein predict how that molecule binds to the receptor

Docking Tasks

Sampling
» Generate all possibilities including the correct geometry

Scoring
« Rank order all the possibilities, rank the correct pose first
« Rank the binders better than decoys

Balance of speed and accuracy, docking has to be fast.

+ D

DOCK 3.7
IS among
the fastest
docking
programs



How to use DOCK 3.7



How DOCK 3.7 works

Preparation, Sampling, and Scoring

Ligand Sampling done outside of
DOCK 3.7 — database construction

DOCKING
orient score

»

Scoring using a grid to speed up
the calculations

i\

Dockable database file




DOCK 3.7 Scoring Function

Escore = EVDW +EES +El

ig ,desol

VDW term is based on the AMBER united-atom force field
Electrostatics term

— PB calculation using DELPHI or QNIFFT

— Binding site has low dielectric by including spheres.
Ligand Desolvation

— desolvation grid value times by the polar and nonpolar terms in
ligand file

— General Born approximation
What's Missing ?

Meng, et al J. Comput. Chem. 1992, 13, 505— 524
Mysinger and Shoichet J Chem Inf Model. 2010, 50(9):1561-73



Resources for DOCK 3.7

BKS lab wiki: hitp://wiki.bkslab.ora/index.php/DOCK 3.7

DOCK-fans email archive (list to search for solutions to problems or
submit questions): hitp:/mailman.docking.org/pipermail/dock-fans/

Database of small molecules:
http://zinc15.docking.org/

DUD-E databases and decoy generator
http://dude.docking.org/
http://dude.docking.org/generate
http://autodude.docking.org/




Tutorial

Scenario 1:
Use docking to predicted how Erlotinib
(an approved drug) binds to the
Epidermal Growth Factor Receptor
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Search for Your Molecule in ZINC
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Get 2D Files from ZINC
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Get Files for Docklng from ZINC
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Get Files Needed for Docking

Get the 1link from the zinc webpage and us wget to download:

wget http://files.docking.org/protomers/16/89/55/209168955.db2.gz

Put the path of the downloaded database into the split database
index file (this file usually contain many db2 file):

1s /path/tutorial_for_webinar/dock3.7/209168955.db2.g9z > ligands.sdi

Get the receptor structure from the PDB website

wget https://files.rcsb.org/download/1M17.pdb --no-check-certificate
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Break Xtal into R

Actve models: W0 [t [T 2

Opaned tmi7.pdb containing 1 model, 2560 atoms, and 333 residues

\eceptor and Ligand Files

You may use a program
like Chimera for this

Receptor file must be
called: rec.pdb

Ligand file: xtal-lig.pdb

What if the crystal does
not have a ligand:

Place atoms in the site
were you want to dock.
One way is to run sphgen
and selecting spheres
near residues in the site
convert to pdb

15



Prepare Receptor for Docking

Make the recptor file (remove alternative side chains):

grep "AATOM" 1IM17.pdb | grep -v AL .. i B > rec.pdb

Make 1igand file:

grep AQ4 1M17.pdb | sed -e 's/HETATM/ATOM /g' > xtal-Tig.pdb

Run blastermaster: input rec.pdb, xtal-1ig.pdb and makes all
receptor file need for docking.

python $DOCKBASE/proteins/blastermaster/blastermaster.py --addhOptions="'
-HIS -FLIPs " -v

This command may take several minutes to run.
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Prepare Receptor for Docking Output

-rw-r--r--. 1 tbalius bks 3163 Jun 17 12:27 INDOCK

dockfiles/:

total 30388

-rw-r--r--. 1 tbalius bks 1206051 Jun 17 12:27 ligand.desolv.heavy
-rw-r--r--. 1 tbalius bks 1206051 Jun 17 12:27 ligand.desolv.nydrogen
-rw-r--r--. 1 tbalius bks 3376 Jun 17 12:27 matching_spheres.sph
-rw-r--r--. 1 tbalius bks 908086 Jun 17 12:27 trim.electrostatics.phi
-rw-r--r--. 1 tbalius bks 3121095 Jun 17 12:27 vdw.bmp

-rw-r--r--. 1 tbalius bks 1653 Jun 17 12:27 vdw.parms.amb.mindock
-rw-r--r--. 1 tbalius bks 24660016 Jun 17 12:27 vdw.vdw
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Modifying INDOCK File

match_goal

number save
number write

#

minimize

sim_itmax
sim_trnstep
sim_rotstep
sim_need_to_restart
sim_cnvrge

min_cut

iseed

5000

How much orienting to do
Reduce 1000 if docking
takes to long

1 Number of poses to write out
1 Consider writing out 100

MINIMIZATION
no Minimize the 6 degrees
soo  for the poses written out
0.2 (3 rotation, 3 translation)
5 o Allmolecules written out
1.0  Will be minimized
0.1
1.0el5
777
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Run Docking Calculations

Make perpare docking directories.

$DOCKBASE/docking/setup/setup_db2_zincl5_file_number.py ./ ligand
Tigand.sdi 500 count

Submit jobs to queue (we use SGE queuing system):
$DOCKBASE/docking/submit/submit.csh

To analyze the results we need to combine the results and then
get poses

$DOCKBASE/analysis/extract_all.py
$DOCKBASE/analysis/getposes.py

It 1s also possible to run dock locally:

$DOCKBASE/docking/DOCK/bin/dock64

19



Visualize poses in Chimera with Viewdock

Ganeral Controls
Viewing Controls
Depiction

Structure Analysis
Structure Comparison
Sequence
Surface/Binding Analysis

Structure Editing FindHBond
Amber Find Clashes/Contacts

MD/Ensemble Analysis Electrostatic Surface Coloring
Higher-Drder Structure Coulombic Surface Coloring
Yolume Datz APBS
Damas Surface Capping
Movement Surface Zone
Utiiities ViewDack
Dock Prep
Command Line AutoDock Vina
Measure Volume and Area
Araa/\Volume fram Web
Measure and Color Blobs
Intersurf
Surfnet
DelPhiController
¥

Cnmrnand:||

gctwe models: WO W1 1T
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Visualize Poses in Chimera with Viewdock
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Visualize Poses in Chimera with Viewdoc
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Tutorial

Scenario 2:

Use docking to test enrichment
capabilities of Epidermal Growth
Factor Receptor using 12 ligands and
DUD-E property matched decoys

23
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Get Known Ligands for Docking

&= | G) @ httpssfwewebiacuk chembl/target/inspect/ CHEMBL2G3

https://www.ebi.ac.uk/chembl/target/inspect/ CHEMBL203

Target Associated Bioactivities

ChEMBL Activity Types for Tiqﬁtj_ EJ{-!Q&E}LE{I 3

B Inhibition (5324)
Bl Other (1735)
B Ki(i720)
B Activiey (214

W EC50 (33)

Wl Ratio (24)

B ED50 (2)

B GIS0(T)

Target Associated Assays

ChBEMBL Assays for Target CHEMEL203

B Bindirg (1422)
Bl Functicnal (119)
B ADME (9)
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Get Known Ligands for Docking
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Generate Decoy Smiles File

http://dude.docking.org/generate
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Building Databases Locally

If the system is in DUD-E, You may download ready to dock databases here:
hitp://autodude.docking.org/

Here | just used the first 12 ligands from Chemobl

Generated decoys using DUD-E webserver
Use the link in email:

wget http://dude.docking.org/generate/results/4094969748/dude-decoys.tar.gz
tar -xzvf dude-decoys.tar.gz

grep -v ligand dude-decoys/decoys/decoys.P*.picked | awk -F: {print $2}' | awk '{print
$1 " " $2}' > | decoys.smi

${DOCKBASE}/ligand/generate/build_database_ligand.sh -H 7.4
ligands_12_ from_chembl.smi

csh wraper_queue_build _smiles_ligand_mod_corina.csh decoys.smi
http://wiki.docking.org/index.php/Ligand preparation - 20170424
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Perform Enrichment Calculations

ls /path/databases/ligands_12 from_chembl/CHEMBL*/*.db2.gz
/path/databases/decoys/sgejob_*/finished/C*/*.db2.gz > ! ligands_decoys.sdi

awk {print $2}' databases/ligands_12_from_chembl.smi >
databases/ligands_names.txt
awk {print $2}' databases/decoys.smi > databases/decoys _names.txt

$DOCKBASE/docking/setup/setup_db2_zinc15_file_number.py ./ ligands_decoys
databases/ligands_decoys.sdi 100 count

$DOCKBASE/docking/submit/submit.csh

29



Perform Enrichment Calculations

$DOCKBASE/analysis/extract_all.py
$DOCKBASE/analysis/getposes.py

$DOCKBASE/analysis/enrich.py -i . -| databases/ligands_names.txt -d
databases/decoys names.txt

$DOCKBASE/analysis/plots.py -i . -l databases/ligands_names.txt -d
databases/decoys names.txt
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% Ligands Found

Perform Enrichment Calculations

ROC Plot - Own Decoys

100
— databases/ligands names.txt: 8.80 I

80t
60
40}
20

| [ [—

10? 10° 10* 10°

% Decoys Found

% Ligands Found

ROC Plot - Own Decoys

100 T
[— databases/ligands names.txt: 11.11
80|
With-min
60|
40
20
0 _——
107

% Decoys Found
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Using ZINC for Drug Discovery

Once you are happy with the
retrospective sanity checks now we can
do screening.
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Get Lead-like Molecules to DOCK

Sesith wBe + A& -

D) zinclSdocking.org/tranches hame £0%% c | &

200 60 300 325 250 375 400 AR EEO 500 =500 Totals, by
LogP
- 807259
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2 483333 3,408,045 13,672,003 14,504,885 12,063,732 11,454,701 8,965,279 70695427
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-
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Get Lead-like Molecules to DOCK

o C | | searh fE + a9 Q

W' zinc15.docking.org)te

tandEnd - E Agent = oH | Refhid = Ch=rps | 2104132 i~ X

Predafined Subsels
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204 250 200 325 350 375 200 425 >500 Tatais, by
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ns7 ‘ Goldincks FagEe
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Get Lead-like Molecules to DOCK

'_'l' zincl docking.org/tranches/home s B2 [ | = i‘:—t.'_fi-:-r'_J1 | ﬁE £ l:

Download Tranches

2,110 (Hon-Empty) Tranches Selected (3,889,907 Protomers)

CAAANML CAAAMM CAAAMN CAaaMO CAAAMP CAMARL CALARM CAAARN
CAAARD CASARP CAARKL CAABNMM CAATMN CAATMO CAARNP CAABRL
CAATRM CAADRN CAABR0 CAABRP CAACML CAACMM CAACMN CAACMOD
CAACNP C2ACRL CAACHM CAACHN CAACRD CAACRP CABARM CABARN
CABARQ CABBRAM CABERN CABBRP CABCRM CABCRN CACAML CACAMM
CACAMM CACAMO CACATL CACARM CACARN CACARO CACBMM CACBMN
CACHAL CACERM CACEAN CACCHL CACCMM CACOMN CACCMO CACCRL

Only ¥ Modified Since

BOCIHIT ("dbZ gz)w || RawlURls» & Downipad
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Features in DOCK 3.7

DOCKovalent — used to screen databases of reactive molecules
Receptor Desolvation — incorporated

Minimization

DOCK 3.7 is among the fastest docking software

Purchasable chemical space continues to grow (Dock 100 million
molecules)

36



Information About DOCK 6.8

37



Resources for DOCK 6.8

Manual: http://dock.compbio.ucsf.edu/DOCK_6/dock6_manual.ntm
Tutorials: http://dock.compbio.ucsf.edu/DOCK _6/tutorials/index.htm

Rizzo lab wiki:
http://ringo.ams.sunysb.edu/index.php/DOCK Tutorials

DOCK-fans email archive (list to search for solutions to problems or
submit questions): hitp:/mailman.docking.org/pipermail/dock-fans/

Email dock-fans when you need advise or assistance:
dock-fans@docking.org
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Sampling using
Anchor-&-Grow

Start from anchor orient

Arrange segments by layer about
anchor center

Grow each segment one at a time
Grow segments in Layer 1

Grow segments in Layer 2 and so on




Sampling and Scoring

DOCK preparation
orient grow
anchor torsion
;) score
conformer

orient

» D)

Scoring using a grid to speed up
the calculations

/

completed
growth

rescore
ensemble

DOCK 6 is a parallel program using MPI



DOCK®6 Has Many Scoring Functions

« Bump Filter

 (Contact Score

 Grid-Based Score

EGrid = EVDW +EES

DOCK 3.5 Score

Continuous Score

Zou GB/SA Score

Hawkins GB/SA Score

PB/SA Score

AMBER Score

Footprint Score

MultiGrid FPS Score

Pharmacophore
Matching Similarity
Score

« SASA Score

» Descriptor Score

Tanimoto Score
Hungarian
Matching Similarity
Score

Volume Overlap
Score
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Features in DOCK 6.8

Array of Scoring Function
— New is Descriptor Score, Pharmacophore Score

De novo design ( will be released in future versions)
Modular

MPI parallel implementation
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DOCK: where it is and where its going
Trent Balius, Ph.D.
Postdoctoral Scholar, Shoichet Lab
University of California, San Francisco

Tuesday, June 20th 12:00pm EDT

Upcoming Webinars:

July 25": BioXTAS RAW with Jesse Hopkins
October 39: SPHIRE with Toshio Moriya
November 4": EMAN2 with Steven Ludtke

SBGrid

CONSORTIUM

Events are posted on SBGrid Google Calendar (to join visit http://sbgrid.org/calendar)




Extra Slides
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energy

";'VDW ES, HB '

(b) single /{ fq (c) two
ligand =/ different
two conf. ==\ F) ligands

: "'VDW ES, HB :

Rescoring: Footprint Similarity

”"vnw ES, HB :

RECEPTOR RESIDUES

RECEPTOR RESIDUES

RECEPTOR RESIDUES

nnnnnnnnnnnnnnnnnnnnn

:::::::::::::::::::::

---------------------

|||||||||||||||||||||

|||||||||||||||||||||

sequence

sequence

sequence

Table I. Examples of possible reference types to derive molecular footprints.

Reference Types
Known inhibitor
Natural substrate
Transition state
Modified structure
Text file footprint
Ensemble-weighted

Description
FDA-approved drug or experimental inhibitor validated to bind
Native peptide or cofactor
Predicted transition state geometry for a chemical reaction

Key functionality/substructure (side-chain mediating protein-protein interactions)
Modified entries to increase/decrease importance of select residues (resistance mutations)
Averaged footprints derived from MD/MC simulations
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DOCK: Where it is and where
its going

SBGrid Lunch Break
Trent Balius
June 20, 2017
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Smiles files

Ligand generation

(need to get amsol, openeye,

corina, and chemaxon)

DB2 files

receptor

ligand

o~

with DOCK)

DOCK prep (all
programs distributed

Scoring Grids,

INDOCK

Matching spheres

DOCKS3.7 Workflow

Download/build
ligand database

Run dock setup
(makes & populate
directories)

Submit dock to the
queue (one job for
each directory)

Parallelized
— though
queue

Collect the data




i Ligand Preparation

Protonate ligand

generate tautomers ! o
(chemaxon) e
\f\
|

3D Conformation
(mol2 file)

Charge Desolavation -
ligand (Amsol) DOCKable Ligand databases are

[E— available through ZINC15
Conformation . .

Expansion Increase sampling (turn nobles in omega)

(Omega) Use alternative sampling engines.

|_+
Database

generation




Sphere Generation: Receptor Prep.

xtal-lig.pdb rec.pdb
, !
Xtal |Igand Sphere
atoms as generation
spheres (SPHGEN)
(pdbtosph)
HeElenlie Low dielectric /q/-
spheres spheres
Perl scripts P
| Modify Matching Spheres: add

spheres where you would like
Grid box to see rings, move existing
spheres around

Add (or remove) Low dielectric Spheres
To regions where you would like to have
less (more) screening




Grid Generation: Receptor preparation

rec.pdb

Grid box | —

Low dielectric
spheres

Add (or remove) Low dielectric Spheres
To regions where you would like to have

less (more) screening

> Protonate 'r\]/l %dify
(Reduce) YOTogens
/protonation
state
Grid Vdw Parm
generation Text file
(vdws,
CHEMGRID) Soften by changing
repulsive exponent
Grid not recommended
generation Partial Char
: ge
(ES, Qunift) \ Text file
. Tart residues
Grid Modify charge file
generation
(Desoly,
Solvmap)




Sphere Generation

xtal-lig.pdb rec.pdb
, !
atoms as generation
spheres (SPHGEN)
(pdbtosph)
LI Low dielectric
SPleEe spheres
Perl scripts P
| Modify Matching Spheres: add
spheres where you would like
Grid box to see rings, move existing

spheres around

Add (or remove) Low dielectric Spheres
To regions where you would like to have
less (more) screening




How Sampling Works (Internal)

Hierarchical docking of databases

2 cn | )

o4 | =4

Jor| e’

e alel
o o T/ I o, Atomn
N c‘,\ g conf#|A BC
| XN P 3 1 111
A \r \r’ 3 (131
— 4 241
| i oA \ 5 |251
‘23 c, €, 5 6 (261
X | : 7 |37
@) ;j[> O 8 |381
\r [ ] T 9 |391
' ‘ [ ‘ " 10 |11 2
\ oy, 11 |12 2
12 |13 2
B_/ 13 |242
14 |2 5 2
15 |2 86 2
R 18 [37 2
8 17 (382
B 18 |39 2
: a D &5 | 25

» . 1

22 |24 3
g; 23 [253
B, 24 |26 3
g; 25 |3 7; 3
c 26 |38 3
27 1393

Lorber DM and Shoichet BK., Curr Top Med Chem. 2005;5(8):739-49.



Ligand Sampling — Database Construction

Rigid compound Another ring
[seqrmen] ; Q
[sea 8] 0

Fully Grown Conformers

Branch O O O

(conformer)




How Sampling Works (Orientational)

A toy example illustrating the matching sphere orientational matching algorithm

Hescepior

O

Receptoar Spheres
*Hot Spots”

Ligand Sphergs

Receptar DHstance Matro ,
i . |-bgand Crstances Mutiis

<+ 3 "1'
B C
3y F ad'E
|. 2 : IL.; A .
3 a4 B ¥

Distance Tolerance = 01

Gistance Toezangz =02

Coleman, RG et al. PLoS One. 2013; 8(10): e75992.



[File] Select Actions

I LCS

Fresets: Tools

Open...
Fetch by ID...

Controko

Restore Session...
Save Sacsion

Save Session As.,.

Cortroks
Controks

Save Inmge...
Save PDB..,
Save Mol2...
BEyport Scene...
Publish...

Close Saession
it

Add Tool Icon...

Controbg

Named Selections

Mame current selection...

state.py

statel.py

state2.py

state3.py

wat_grid_mod.dx

wat_grid 0p3 rmod.dx

wat_grid Op2 mod.dx

statel.py

statel.py

chimera.com

gist-EswPhisEww refa.dx

2ICA.output e...me points.pdh

rec.pdb

statel.py

chimerg.com

gist-EswPlusEww_ref2.dx

2AYW.output_...e_points.pdb

rec.pdb

statel.py

chimera.com

oisEEswPiusEww._ref2.dx

| 2RGP.output_e...me_paints.pdb
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' Fije

5-:—_!:1:1__ .ﬁc!iun_rr

F"IT-_-."EE Tooly _F5|1.r-:-r1t_T_-_'- HE:_FF-

i

e
P
P
P
P
P
P
P
P
P
P
P
P
r

FDB (rmmCIF)
FDB (biounit)
S5CoP
celPACK
PubChem
CASTp

EDS (2foc)
EDS (fo-fic)
EMDE

EMDB & fit PDBs
PQ5
ModBase
VIPERdb

UniPrat

Ihho
dlglsa.
HIV=l 016

1213
Tvrwey
aum
tadm
5625
104B
2w
FO4E4E
lejh

F1138
NGFE_HUMAN

Set download directory

[ Neep disiog up sfier Fench

Fatch | Web Pags |%I EEJ

=

@ve scene..,

| Selections

rrent selection...

state2.py

statel.py

stateZ.py

stated.py

wiat_gnd_mod.dx

wat_grid_0p3_mod.dx

wat_orid_0p2_mod.dx

statel.py

statal.ny

chimera.cam

gist-EswPlusEww_ref2.dx

2ICA.output e...me: points.pdb

rec.pih

statel.py

chimiera.com

ois-EswPlusEww_raf.dx

2AYW.output_...e_points.pdb

rec.pdh

statel.py

chimera.com

gist-EswPlusEww_ref2.dx

| 2RGP.output_e...me_paints.pdb

Browse...

| Done opening 1M17
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Lab Projects Employing FPS: Bot NT/A

~900,000 screened - 99 purchased - 5 active (picked using FPS)

Coo=6 (UM)  ICsp=16 (M) ICs;=18 (uM)  ICs=18 (uM)  ICq, = 18 (M)
DCE =-73.78 DCE =-60.57 DCE = -60.98 DCE = -62.53 DCE =-67.97
FPS = 0.89 FPS =0.89 FPS =0.92 FPS =0.86 FPS =1.63

Preliminary results, work in progress: Bill Berger, Trent Balius, Eduard Melief, Peter Tonge,
Subramanyam Swaminathan, Iwao Ojima, and Robert Rizzo

58
Y.-H. G Teng et al. Bioorg. Med. Chem. 23 (2015) 5489-5495



Lab Projects Employing FPS: FABP

K, =0.93+0.08 uM

SB-FI-26
(ChemDiv 8009-2334)

"!;%j
)
N

O
(o]
™ \
N o
SB-FI-27 SB-FI-31 ’
(ChemDiv 8009'7646) (ChemDiv 0075-0064)
3 SB-ri-£/ 3 SB-ri-31
2 2
oo o0
gt ? §E 0
o= -1 o= -1
B 385
ox -2 ox -2
>7 .3 >7 3
-4 -4
=5 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 =5 10 20 30 40 50 60 70 80 90 100 110 120 130 140
1
0
- 1] =
pa |
¢t gt
[ c ~
@ — o= -2
SE’_ ﬁg =3
_af| === Oleic Acid —4|| === Oleic Acid
-5 SB-FI-27 -5l SB-FI-31
10 20 30 40 50 60 70 80 90 100 110 120 130 140 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Residue Number Residue Number

Berger et al. PloS one 7 (12), €50968



Lab Projects Employing FPS: HIVgp41

~500,000 screened - 115 purchased - 7 active (3 / 7 picked using FPS)

Py

sum_fp es fp tots tots
Ki =0.46 (uM) Ki =4.45 (uM) Ki=7.1(uM) Ki =0.20 (uM)

tots es fp tots
Ki = 1.6 (UM) Ki = 13 (uM) Ki = 2.55 (UM)
Patrick M. Holden, Harmeet Kaur, Miriam Gochin, and Robert C. Rizzo 60

Holden et al., . Bioorg. Med. Chem. (2012) doi: 10.1016/j.bmcl.2012.02.017



Eyow (kcal/mol)

Egs (kcal/mol)

Grid-Based Footprints

All Residues Threshold-based

GIN1 b oo
{  SER10 [-----vovohien
THR20 |-
VAL70
CYX80
{ LYS37 |
ASP56
{ ASP58 f-ooiiiiiees
{ TRP62 [ ®
{ PHE64 - - - oo
| are71 t . em .
| erp72 Lom
REM |- e

Residues Residues + Remainder

Grid are faster than Cart

Per-residues may be abstracted to a
grid

Grid-based and Cartesian footprints
show good agreement

Plasminogen kringle-4 protein which
is an important protein in blood
clotting (pdb code 2PK4)

2PK4 consists of 80 residues

All 80 shown on the left, Subset
shown on right

VDW on top, ES on bottom

A remainder grid is calculated to
insure that the FP sum = total
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Sampling using
Anchor-&-Grow

Start from anchor orient

Arrange segments by layer about
anchor center

Grow each segment one at a time
Grow segments in Layer 1

Grow segments in Layer 2 and so on




Footprint-Guided Growth
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100
90
80
70
60
50
40

30

docking outcome (% database)

20
10

Grid-Based Footprints

B success [ scoring failure

B sampling failure

grid fpg sum

standard

euc

L L T

1111
il m

nor cor euc nor cor

| |
FPS-guided FPS-nudged

Grid is O(N), Multi-grid is O(N*M), Cartesian O(N*K) M << K
Multi-grid is about 5 times slower
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True Positive Rate

Effect of scoring function on sampling

d = driven:; s = stared; r = rescored

1A4G na

e

0.8

0.6

0.4

0.2

Rand =—— DGE =— FPS d euc FPSs norm = FPSreuc = FPSr norm

1BJU trypsin 1M17 egfr

False Positive Rate



DOCK Input File

FHHHFHHHH AR HAS A AR H A HASH AR E A H AR S A
# NOTE: split_database_index is reserved to specify a list of files

ligand_atom_file split_database_index
s E LS EEEEEEEEEEEEREE]

# OUTPUT

output_file_prefix test.
st E L EEEEEEEEREE]

# MATCHING

match_method 2

distance_tolerance 0.05 ]

match_goal 5000 Increase for more sampling
distance_step 0.05

distance_maximum 0.5

timeout 10.0

nodes_maxdmum ; Max is 4. To go higher you have to change the code.
nodes_minimum 4

bump_maximum 50.0

bump_rigid 50.0
s EEEE L E S EEEEEEEEREE]

# COLORING

chemical_matching no

case_sensitive no
st EE LSS LA L EEEEEEELEE]

# SEARCH MODE

atom_minimum 4

atom_maximum 100

number_save 1

molecules_maximum 100000

check_clashes es . .
do. premax o Allowing clashes can help sampling

do_clusters no



DOCK Input File (continued)

BHEFFHHEHFHH AR HAFFRH AR HHF SR HSF SR F SR H SRS

# SCORING
ligand_desolvation volume
vdw_maximum 1.0el0
electrostatic_scale 1.0
vdw_scale 1.0
internal_scale 0.0

BHEFFHHEHFHH AR HAFFRH AR HHF SR HAFE S F SR H S F SR H S
# INPUT FILES / THINGS THAT CHANGE

receptor_sphere_file ../dockfiles/matching_spheres.sph

vdw_parameter_file ../dockfiles/vdw.parms.amb.mindock

delphi_nsize 81

flexible receptor no Delphi_nsize is electrostatic grid size
total_receptors 1 -

#H4#####4#4### grids/data for one receptor

rec_number 1

rec_group 1

rec_group_option 1

solvmap_file ../dockfiles/ligand.desolv.heavy
hydrogen_solvmap_file ../dockfiles/ligand.desolv.hydrogen
delphi_file ../dockfiles/trim.electrostatics.phi
chemgrid_file ../dockfiles/vdw.vdw

bumpmap_file ../dockfiles/vdw.bmp

#H#E#EHEHEHHHS end of INDOCK



Things are structured differently
in Github

1s -1 ~/zzz.g1thub/DOCK/

total 32

-rw-r--r--.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.

=
WO OWNDNDNDN B

tbalius
tbalius
tbalius
tbalius
tbalius
tbalius
tbalius
tbalius

bks
bks
bks
bks
bks
bks
bks
bks

2737
4096
4096
4096
4096
4096
4096
4096

work done by Teague and Ryan.

Aug
Aug
Aug
Sep
Aug
Aug
Aug
Aug

28
27
28
11
27
28
27
27

14

14

14

11

:09
11:
:50
16:
11:
:09
11:
123

22

53
22

22

README . md
analysis
common
docking
install
1igand
proteins
test



Evaluation Methods

« Pose Reproduction (cognate docking, cross docking)
» Enrichment calculations

» Prospective testing of predictions

6.96 A standard
0.48 A corrected

near SUcCcess

s réference molecule sssss docked molecule




: ROC Cuves

Enrichments
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TP rate

100+

80

60|

a0t

20

Log-adjusted AUC:
Early Enrichment Weighted More

CcP conformation A

ROC curve

0 20 40 60 80 100

FP rate

100

Log adjusted ROC curve

ROC Plot - Own Decoys

80 |

20

| — align CYTc A: 37,63]

37.63

———————————

10°



Tweaking your set up — Spheres

* Place spheres were you want your rings to go

» Use previous screens for ideas






SPHGEN Spheres




SPHGEN Sphere Clusters




SPHGEN Cluster1 Spheres




Ligand Atoms Spheres




Matching Spheres

b &
~



Receptor preparation

rec.pdb

Grid box | —

Low dielectric
spheres

Add (or remove) Low dielectric Spheres
To regions where you would like to have

less (more) screening

> Protonate 'r\]/l %dify
(Reduce) YOTogens
/protonation
state
Grid Vdw Parm
generation Text file
(vdws,
CHEMGRID) Soften by changing
repulsive exponent
Grid not recommended
generation Partial Char
: ge
(ES, Qunift) \ Text file
. Tart residues
Grid Modify charge file
generation
(Desoly,
Solvmap)




HISTIDINE neutral delta proton [tart2]

HDT -0.520 N -
C 0.526 C
0 -0.500 0 -
CA 0.219 CA
CB 0.060 CB
CG 0.089 CG
CD2 0.145 CD2
CE1l 0.384 CE1l
ND1 -0.444 ND1 -
NE2 -0.527 NE2 -
H 0.248 H
HD1 0.320 HD1
hnf = his negative epsilon nitrogen

OO0

OO OO

.520
.526
.500
.219
.060
.089
.145
.384
.364
.687
.248
.400

+0.08
-0.16

+0.08

HISTIDINE neutral delta proton, but more polar
[NE2(-0.16) --> ND1 (+0.08), HD1(+0.08)]



HISTIDINE neutral epsilon proton [tart2]

N -0.520 N -0.520
C 0.526 C 0.526
0] -0.500 0] -0.500
CA 0.219 CA 0.219
CB 0.060 CB 0.060
CaG 0.112 CaG 0.112
CD2 0.122 CD2 0.122
CE1l 0.384 CE1l 0.384
ND1 -0.527 ND1 -0.607 -0.08
NE2 -0.444 NE2 -0.524 -0.08
H 0.248 H 0.248
HE2 0.320 HE2 0.480 +0.16

hpf = his positive epsilon hydrogen
HISTIDINE neutral epsilon proton, but more polar
[ND1(-0.08), NE2 (-0.08) --> HE2(+0.16)]



Original partial charges

3 |
. |



More polar (tart2) partial charges




0.5

0.0

—0.5}

1.0}
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Footprint scoring
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Footprint Similarity Nomenclature

DCE -- Dock Cartesian Energy (Standard Energy function)

Cartesian energy decompositions of VDW, ES and H-bonds
FPS,pw -- quantifies the similarity between 2 VDW footprints
FPScg -- quantifies the similarity between 2 ES footprints
FPS g -- quantifies the similarity between 2 H-bond footprints

FPSypw.es = FPSypw + FPSgs (consensus score)
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Methods for Quantifying Similarity

d =[%=5|= X (=5’
d, =X =] X =%/l| ¥ =5/]5]

cov(Xx,y)

\/ var(x) \/ var(y)

Table 2. Comparison methods and corresponding ranges for footprint similarity (FPS) scores.

Ranges”
Comparison Method FPSVDW9 FPSEs, FPSHB FPSVDW+ES FPSVDW+ES+HB
Standard Euclidean (d) [ 0,00) [ 0. 00) [ O, OO)
Normalized Euclidean (d,,,,,) [ 0,2] [ 0,4] [ 0,6]
Standard Pearson (r) [-1,1] [-2,2] [-3,3]
Threshold Pearson (#,..) [-1,1] [-2,2] [-3,3]

*The most favorable score possible for each method is underlined.
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Functional Relationships

normalized Euclidean

normalized Euclidean

X _

VDW
(c)
max bin = 391
50 100

standard Euclidean
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1 ES
(b)
c
o
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o
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50 100
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s,

y
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0
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d,_= \/2(1 —cos(6*)) =/2(1-7)
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Functional Relationships

r= cos(@) - xH G~ ~ fCBi = COS(B*) d = \/2(1 _Cos(g*)) ~ \/2(1 ~ r)
Fe 1] s

Corollary 1: if # and v are unit vectors, then ”ft —\7“:\/2(] —cos(@)), where @is the

angle between u and v .

Proof:
Let iz and v be unit vectors. Then,

cos(@)=

— —

u-v - = -
= o i) =1
] 7]

||JZ—17H = \/Z(ui -V, )2 = \/Zul.z -I-Z:v[.2 _ZZ“%
=1+ uy, o i =Xu’ =D

Therefore, | — 7] = y2(1 - cos(8)) %



2QE4 van der Waals Footprint (Good Comparison)

|
—_

(kcal/mol)

Evdw

. T R n
m ~r|u T .I* “

\‘ [ ’y‘#_
\

‘ =

® euclidan dist. = 1.491

pe norm. euclidan dist. = 0.144

PRO19 LEU39 ASP59 ILE79 LEU99 LEU119LYS139ASP159GLN179LYS199
residue name

y dw(kcal/mol)

pose E

v(x) = 0.982 x + 0.001
L r = 0.989, r*2 = 0.97 0
B 7 — —1 A ~q T
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Structural Comparisons using rmsd

=== raference molecule === docked molecule

256 A

0.33 A
success near success failure
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Enrichment (ROC Curves)

(a) Neuraminidase (b) Trypsin (c) EGFR
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Enrichment (Molecular Weight Bias)

(a) DCEypw.es (b) FPSyow.es
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DCE prefers larger ligands
FPS prefers molecular weight close to that of erlotinib (393.44 g/mol)
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Cross-Docking

Rec1  Rec?2 Rec N
Lig 1 oo e e Dock every ligand into every receptor
° L
o L
¢ L
Lig N coo e
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Cross-Docking

Rec1 |, Rec?2 Rec N
Lig 1 e oo e e Dock every ligand into every receptor
Lig 2 ¢ Docking ligand 2 in to receptor N
L
L
o

dock lig i i '
[dock ligiinrec ] o



ligands

Carbonic Anhydrase Crosdocking

(a) DCEpw.es (6)  FPSypw,esdiag (C) FPS\ow,esall
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receptors
success, blue; scoring failure, green; sampling failure, red;
incomplete growth, white
(a) standard DCE,p\.es:

(b) FPS,pw.es in which cognate ligands (diagonals) were used as the footprint-
reference corresponding to each receptor

(c) FPSypw.es in Which footprint-references were derived by minimizing each
ligand in each receptor and every matrix element used a unique reference o9g
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) — Z A e ligand atom i
IOrR ¥ ’
"o P = (X,y,Z)
) Z A B where e = f(p)
IR T p.l
q, _
G, (p)= 3322 http://dock.compbio.ucsf.edu/DOCK_6/docké_m
or D Fp anual.htm#Grid

(\@interp[Gav (pl )’ G, (ps )] )

E = Z — Bl.,l.interp[G,.v (p1 ) -G, (Ps )]
\+ 332qiinterp[Ges ( P ), -, G, (ps )] )




Interpolation

linear (X4, f(X4))
f(X)z (X _Xl)f(xz)'l'(xz _X)f(Xl) (x,f(x))
(Xz - Xl)
(Xo,f(X5))
(X,Y:f(x, ¥))
pilinear: Perform 3 linear (Xa:Y1:1(Xa Y1) O l O
Interpolations: 2 to calculate red
(from ):and 1 to calculate  XaYar!(Xa Ya)) G ® (Xo.Yo,f(Xos Yo))
green (from red)
(XaY2,f(Xas ¥2)) O O

Trilinear: for a cube, perform 7 linear interpolations: 4 to calculate red (from the
); 2 to calculate green (from red); and 1 to calculate the atomic
approximation (from green)
http://en.wikipedia.org/wiki/Trilinear_interpolation



Decomposition for the grid

grid point
'
IOR
= D Ey(p.)+ ) Ey(p.)+-+ Y E (pD)
DS, I0SC, I0SC,,

= Z, 2 Ex(p.D) R=[1,N]

kOl1,Mm | i0sc,
set of receptor atoms

— GX,SCk (p) receptor has N atoms

kU LM] receptor has M residues



DOCK program

« DOCK develop in 1980’s in group of lIrwin“Tack” D. Kuntz
Kuntz et al., Journal of molecular biology 161 (2): 269-88 (1982).

« Anchor-&-grow for ligand sampling (DOCK 4, 5, and 6)

Ewing et al., Journal of computer-aided molecular design 15 (5):
411-28 (2001) .

Moustakas et al., Journal of computer-aided molecular design 20
(10-11): 601-19 (2006) .
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DOCK: A History

Kuntz Group Shoichet Group

Hierarchical

Fortran database

rewrite
rewrite
rewrite/
clean up

Anchor & Grow Object oriented

Improve sampling (Bug fixes)

Rizzo Group



