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Why is docking so difficult?

Binding sites are complicated

Lots of interactions to consider

Everything in competition with water
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Automatic self-assessment

1. Remove ligand from receptor 2. Rebuild ligand without bias
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3. Dock ligand and 100 phyisically- 4. Evaluate pose-fidelity, enrichment
matched decoys using 4 parameter sets
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Starting point: http://blaster.docking.org

Choose: Start with a PDB code
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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!
We will give you a list of codes to try
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Dock PDB target
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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.




Check OK, and click DOCK! to confirm
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job idis 29669 | receptor ok ligand ok .

Leave A Message
sSummary; =y

o

PDE code: 1N46 Live Help Offiine |
Ligand to be used: PFA

Resolution: 2.20

ion:

coef

name THYROID HORMOMNE RECEFTOR BEETA-1

*« ® & & ° @

Looks Ok IFyouwould like to proceed, please click "DOCK!" below:

[Docki | )

Report date: Tue Dec 8 15:01:34 PST 2009

Flease do not reload this page or you will attempt to launch an identical jobl




The preliminary calculation has started.
Take a note of the Job number. Walit.
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Scrutinizer
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o Target Prep Callbratlon Docklng
Preparer Scrutinizer %2 L =F O Chie  ad Rur Results

Farancia check begins examining ligand ... mitools appears to have failed to calculate mwtlets try ligand expo one
maore timermwt is 367 . examining receptor . Checking target... Residue numbering not monotonic increasing - Leave A Message
renumbering required. no cofactor file being read. ... examining any additional information supplied .. Paranoia check 4

ended normally i

Preliminary file check ended wiueuingjob... Mever mind about all that... here's what matters:
DOCK Blaster jof 39669 shbmitted!

Wirite this number (39663 in vour noteboolk, together with the date and time (here in San Francisco itis Tug Dec 8 15:01:51 PST 2009 ), and a
precis of the aim of the experiment. For example: a) target name b) how does this run differ from any previous calculations? ¢) what outcome is
sought?

Live Help Offline

You are #4 in the queus. Your job should start within 45 minutes. No status updates by email were reguested.

Erowse job pragress and results here;
httpuiblaster docking orgicgi-binfjobwiatch pl?job_id=39669&pin=

Please do not reload this page or you will attempt to launch an identical job!

A product of BCIRC, the Bioinfomatics and Chemical Informatics Research Center (3 UCSF. Last updated Aug 6, 2009. Please direct correspondence as follows: questions and
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Still running... Wait 40 minutes or so....
(if everything looks ok, perhaps try SEA while waiting...)
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atching
Job #39669

Home . gnlelet:M8 Cocymentation - Mailing Lists 3 r ‘,

o Target Prep Calibration ocking _
Preparer Scrutinizer P - Bur Tion el Results

Files supplied: Eeceptor, Ligand,
Leave A Message

Status: Target preparation in progress

Time in this state: 15s. (typically 1800s) | Cancel request< Reload page >
Feport date: Tue Dec 8§ 150220 PST 2009 d‘v&?
& Get Chimeral Get Pymoll

A product of BCIRC, the Bioinfomatics and Chemical Informatics Research Center (3 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.

Live Help Offline

Wait 40 minutes or so...




Target preparation finished, now doing
calibration (watch the yellow highlight move right...)
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Preparer Scrutinizer = =" " " 70 "o/ g mur. Results
Files supplied: Eeceptor, Ligand,

Leave A Message
Status: Calibration docking queued ><

Live Help Offline

Time in this . ~ftypically 7200s) Calibration docking gueued. You are first in the queue.
[ Cancel an(| [ Reload page | ﬁ
Report date: 1814 PST 2009 & Get Chimeral Get Pymoll

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.




Calibration done. Are the results any good?
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Status: Calibration docking complete

Preparer Scrutinizer

Files supplied: Receptor, Ligand,

Leave A Message

Live Help Offline

Summary Report of Calibration Docking (\/hat is this?)

SCorin 5
9 Q Get Chirmeral ﬁ Get Pyrmoll

/
Coarser

RMSD / % RANK

Samplin

Finer

N\,
Detailed repo ots and poses and score

Congratuations! You are now eligible for database docking (How to use this)
Sampling | Scoring | Database type Database (#) number of molecules

Coarser % | Polarized | By Property v | clean-fragments (#12) 120727 ¥

If wou have any doubts, please consider screening the "clean fragments” (subset 12) first. Three reasons: 1. it will be done faster. 2 fragments are
less complex, and therefore more efficient than leads for sampling chemical space. 3. you can still dock the leads afterwards. Still not convinged?
Fragments dock in hours, leads can take days, even a week,

YWhen you are ready to start docking, click | DOCK | Only one database at a time, please!




4 ways to dock: which one is best?

S Calibration runs for job 41412
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All preliminary docking subtasks appear to have ended cleanly...
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Congratustions! You are now sligible for database docking (Hov 1o use s
Sampling Scoring Database type [Database (f) number of molecules

ge [ [al|

[ ) X R i
) B, DOk Blaster - & Free Wirku... 2 ZINC - A free database for... | }" DOCK Blaster - & Free Yirty,

A=
&k =AGpin= 4 D > .‘" x

b A ¢ hbiog i_); blaster | Raphael n livehelp [ otrs n disi i—JJ' logs {7 IP Address Locator - ... -"l Google Apps [ ] 401 Authorization Re... » [ other bookmarks

€« C ¢ htfp//blaster, docking.org/ogi
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Job #41412
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Files supplied: Re Ligand,
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Download Ng PDE SDE_EEL1 molZ ‘m;
& Get Chimeral @V‘é?(}et Pyrmoll
Rank
ZINC ID Compound Availability Properties Annotations
Score kcalimol
9?;'75‘56? = Mt 489.317
114 34 IH AsinexBAS01029113 g’ﬁi%ﬁ
o e @ IBScreen STOCK25-66522 Rothnd_' 9
SV | 5 Pharmeks PHARO4 1448 S o3
i SEAL ChemBridge:5951033 ortact 156
Qs dﬁ? Aurora Fine Chemicals:kbsb-0079151 ES 10625 VW .26 24
PDE - Desalv: p=1961, ap=-1.26
2 :
22IATANE ﬂ f\ll MM P




Review hits in Chimera...
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Camera | aide View | Rakation | Effects | Lighting |
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ViewDock - http://blaster.docking.org/cgi-bin/getfile4. pl?job=39669.h=09.f=r... (]

File Compounds

Column  Selection  Chimera HBonds  Maovie

W
W 3 ZINC31287867
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( £



Calibration done. Are the results any good?
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Job #39669

Home - gnleleAM8  [Oocumentation Mailing Lists - . w 'Y

Target Prep Calibration  Docking
'd Run Done  Q'd Run Done 2d Run Results

Preparer Scrutinizer

Files supplied: Receptor, Ligand,

Leave A Message
Status: Calibration docking complete <

Live Help Offline

Summary Report of Calibration Docking (\/hat is this?)

SCorin 5
9 Q Get Chirmeral ﬁ Get Pyrmoll

FPolarized | AMBER

Coarser
Sampling
Finer

Detailed reports: plots and poses and scores

Congratuations! You are now eligible for database docking (How to use this)
Sampling | Scoring | Database type Database (llambarafmolecules
Coarser % | Polarized | By Property v @n—fragments (#12) 12077 Q

If you have any doubts, please consider screening the "clean fragments” {(subset 12) first, Three reasons: 1. 1wl be qone raster. 2. fragments are
less complex, and therefore more efficient than leads for sampling chemical space. 3. you can still dock the leads afterwards. Still not convinged?

Fragments doclk in hours, leads can tale-erme, mressie ek,
YWhen you are ready to start docking, m one database at a time, please!




Click on DOCK to run a docking calculation.
This may take 8 hours or so, depending...
So it would be ideal to launch docking no

later than Wednesday at 4pm.

- GoogieN =7 [ |
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Home . gnleledAM8 [iocumentation - hailing Lists «

o Target Prep Calibration ' Docking :
Preparer Scrutinizer o B Borey, OMRNS nu Results
Queuing docking calculation for job 39669

paranoia; whew, database subset? /12 exists

Leave A Message

A docking job has been queued on your behalf? T

We remind you that you may only dock one big database at a time, and that docking can take a while. Please checlk
back again tomorrow to check onyour results. Byel

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.




This 1s what it looks like when done.
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Target Prep Calibratic:- " ccking .R-esults

Preparer Scrutinizer 'd Run Done  @'d Run Done d Run

Files supplied: Eeceptor, Ligand,

Leave A Message
Status: Docking complete ><

Live Help Offline

Summary Report of Calibration Docking (\/hat is this?)

Scorin '
‘ | & Get Chimeral dﬁ Get Pymaoll

‘ Eoiizer ‘ AMBER

Coarser
Sampling
Finer

Detailed reports: plots and poses and scores |

Large database docking results available

Browse
subset 12
(num entries)
tani 90%
tani 80%
tani 70%
tani B0%




Review docking hits, use CHIMERA
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Results Browser
Job #39669

Home . [nlele:{M [ocumentation . Mailing Lists -

Target Prep Callbratlcn
2'd Eun Done  Q'd Run Done

Dc:-cklng
_—_ 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,

Visuglize uamz "2 CHIMERA gﬁ PYMOL  [mportant note about broken molecules. RNl
Download hits EL1 mol2 i

& Get Chimeral dfé? Get Pymoll

Rank

ZINC ID Compound Availability Properties Annctations
Score kcalimol
10 b Pt 231 231
19517626 . xLogP: -0.60
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Review hits in Chimera...
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File Compounds

Column  Selection  Chimera HBonds  Maovie

W
W 3 ZINC31287867
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( £



How to run a hit
picking party

» - n . ‘ ms e ‘_ 5
AA :
- \ \ = 5
. P 2 o i)

How ligand docks & In crysl structure

How actives dock - common interactions,
missed opportunities

Look at the top 10. (watch out for brokens)

Look through the top 200 or so. Use A,B,C
to classify your enthusiasm.

Do this first with one other person, then
with a group.




Types of Ligand-Protein Interactions

Types of Interaction Strength

Effect of Distance

Covalent V. Strong
lonic V. Strong
lon-Dipole Strong
Dipole-Dipole Moderate
Hydrogen Bond Moderate
lon-Induced Dipole Weak
Dispersion V. Weak
Repulsion Ext. Strong
“Hydrophobic” Weak

long range
1/r, long range
1/r%, short range
1/r°, short range
1/r* (?) short range
1/r*, v. short range
1/r°, ext. short range

1/r*, ext. short range
?7?




Example final presentation

1: Introduce the protein and binding site
2. Show the ligand, discuss how it binds
3: Calibration? Controls?

4-7. Show the four compounds you liked
best. How different are they from
precedented compounds? Show in 2D and
3D. Rotate If possible. Purchasable?
Properties? likes/dislikes




Now It IS your turn....

 Monday evening
— DOCK Blaster Set problems.
— Work on at most 2 (to avoid overloading the server)
— Work in groups of 1 or 2

 Wednesday
— Dock to your own target.

— Pick something that
« A.you are interested in / know about
« B. works with DOCK Blaster

 Thursday
— Hit picking parties
— Group presentations







Non-covalent
Interactions In
Proteins

A.R Fersht, Nature (1985)

P [
LT H,
cag o

Energies in VVacuo

Energies in Protein
Complexes (binding sites)

donor acceptor energy
kcal/mol

dipole dipole ~-6.5

dipole induced -~ -3
dipole

charged dipole

charged charged

donor acceptor energy
kcal/mol

dipole dipole -0.5to0 -
1.5

dipole induced ~1
dipole

charge dipole -3to -5

charge charge -3to -5

1¥
[

™
N
ML 130 Gy




How to run a group hit picking party

« Same as for 1 or 2, except only show
specific molecules, not all molecules

e Solicit explanations for why people prefer
one molecule or another.

* Disagreements can be interesting, and
didactic.
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2'd Run Done  Q'd Run Done
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QAd Run Resu

Preparer Scrutinizer
Files supplied: Eeceptor, Ligand,

Leave A Message
Status: Calibration docking complete <

Live Help Offline

Summary Report of Calibration Docking (\What is this?)

Scoring

& Get Chimeral ﬁ GetF

Folarized | AMBER

Coarser
Sampling

Finer

Detailed reports: plots and poses and scores |

Congratuations! You are now eligible for database docking (How to use this)
Sampling Scoring Database type | Database (#) number of molecules

[ Coarser (¥ [Polarized | | By Property b ! clean-fragments #12) 120727 bt
If you have any doubts, please consider screening the "clean fragments” (subset 12) first. Three reasons: 1. itwill be done faster. 2. fragmen
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HPP (1) How ligand looks

Ligand poses well e.G ligand poses badly




HPP (2) How actives look

Actives look good Actives look bad




HPP (3) Look at the top 10

Examples of good Examples of bad, broken




Actual example ( 7 slides)

e S0, here it goes....




