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By following this tutorial the user will learn how to perform molecular docking by means
of Autodock Vina program.

Docking assessment on a given experimental key/lock complex will be carried out by:

1) Evaluation of ligand docking starting from the experimental ligand conformation
(experimental conformation re-docking — ECRD)

2) Evaluation of ligand docking starting from a random generate ligand conformation
(random conformation re-docking — RCRD)

Then the binding mode of a molecule reported in an article will be evaluated.



General Procedure

« Target analysis (15! practical lesson)
» Clean the complex

* Complex minimization

* Lock and key separation

* Docking assessment

» Docking application
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Here is the sequence of minimal operation to set up a docking study.
First the target and its role has to be inspected.

Then a series of actions are to first validate the docking program and apply it
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In this tutorial the reference article is here reported, where a series of selective NOS
inhibitors are described. Reading the article it seems compound 17 is the most
interesting one, so we will focus on that.
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Further info can be gathered in the supporting information included in the article as
external files. To get them let’s search for the article in the www by googling its title.
Then click on the results.
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Open up the pubmed page and then click on the ACS Publications icon.
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... here is the article directly on the ACS web portal.
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Supporting Information
The Supporting Information is available free of charge on the ACS Publications website at DOI:
10.1021/acs.jmedchem.5b01330.

Crystallographic data collection and refinement statistics for rat and human nNOS, eNOS, and
nNOS double mutant crystal structures; synthesis and analytical data for compounds 28-59; and
mNOS-10, eNOS-7, -8, -17, -20, and hnNOS-17 crystal structures (PDF)

SMILES data (CSV)

Accession Codes

PDB codes for X-ray crystal structures described in this study have been deposited in the Protein
Data Bank under the following accession codes: 5AD4, 5ADS, SAD6, 5AD6, S5ADS, SAD9, S5ADA,
5ADB, 5ADC, 5ADD, 5ADE, 5ADF, 5ADG, 5ADI, 5ADJ, 5ADK, 5ADL, 5ADN, 5FJ2, and 5FJ3.
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Let’s scroll down it till supporting information appear



Looking for Info

G Ao x T [B)she x .M:I @D nch x
* C # [ pubs.acs.org/d

B agp [ Universith (] wwW (O Mal [ Ricerca () Vard () MM [ Limx Elsevier - || Magma Dyramicsisc. (] MySkes 5, RSS

suppl/10.1021/acs.jm em. 5b01330/suppl_file/ijm5b01330_si_002

Compound , SMILES,rat nNOS KI value (=M),Human nNOS Ki value (=M),murine iNOS Ki value (=M),B
selectivity,rat/human selectivity

6, NC1=NC2=CC(COC3=CC(CCN(C)C)=CC=C3)=CC=C2C=C1,0.468,1.86,150,17.7,320,38,4
7,NC1=NC2=CC (COC3=CC (CONC )=CC=C3)=CC=C2C=C1,0.332,NT,43.6,15.1,131,45,ND
8,NC1=NC2=CC(COC3=CC=CC(CN(C)C)=C3)=CC=C2C=C1,0.179,0.855,60.2,18,338,101,4.8

9, NC1=NC2=CC(COC3=CC=CC (CNC )=C3)=CC=C2C=C1,0.142,0.911,33.2,25.3,237,178,6.4

1@, NC1=NC2=CC(COC3=CC=CC(CN)=C3)=CC=C2C=C1,0.16,NT,33.6,12.9,21@,88,ND

11, NC1=NC2=CC (COC3=CN=CC=C3)=CC=C2C=C1,8. 712, NT,NT, NT,ND, ND, ND

12, NC1=CC=C2€ (C=C(COC3=CC=CC(N(C)C)=C3)C=C2)=N1, >S5 .75, NT ,NT ,NT,ND, ND, ND
13,NC1=NC2=CC(COC3I=CC{CCCN(C)C)=CC=C3)=CC=C2C=C1,0.652,NT,NT,NT,NT ,ND,ND

14, NC1=NC2=CC(COC3=CC(OCCN(C)C)=CC=C3)=CC=C2C=C1,0.475 ,NT,178, 31,379, 44, ND

15, NC1=NC2=CC(COC3=CC=C(CN(C)C)C=C3)=CC=C2C=C1,0.283,1.08,117,31.4,413,111,3.8
16, NC1=NC2=CC (COC3=CC=C (CNC)C=C3)=CC=C2C=C1,0.332,NT,48.7,NT, 147 ,ND, ND

17, NC1=NC2=CC (CNC3=CC=CC(CN(C)C)=C3)=CC=C2C=C1,0.375,0.657,33.2,11.5,89,31,1.8
18,NC1=NC2=CC({CNC3=CC=CC(CNC)=C3)=CC=C2C=C1,0.569,NT,NT,NT,ND,ND,ND

19, NC1=NC2=CC (COC3=CC=C(F)C(CNC)=C3)=CC=C2C=C1,0.147,NT,11.4,NT,78,ND, ND

28, NC1=NC2=CC (COC3=CC=C(C1)C(CNC)=C3)=CC=C2C=C1,8.058,0.295,27.7,12.5,478,216,5.1
21, NC1=NC2=CC (COC3=CN=CC(CNC )=C3)=CC=C2C=C1,0.043,0.507,13.5,3.31,313,77,11.8

22, NC1=NC2=CC (COC3=CC=CC(C(CINC)=C3)=CC=C2C=C1,0. 36,NT,67.1,NT,186,ND, ND
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The «csv» file contains the smiles structures and other info
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Supporting Information

Phenyl Ether- and Aniline-C ining 2-Aminoquinolines as Potent and Selective

Inhibitors of Neuronal Nitric Oxide Synthase

Maris A. Cinelli’, Huiying Li*, Anthony V. Pensa', Soosung Kang', Linda J. Roman’,

Pavel Martisek™, Thomas L. Poulos™, and Richard B. Silverman'*
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The «pdf» file contains others info
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Data st 7 nNOS-10 nNOS-15 nNOS-17 nNOS-20
Data collection

PDB code SADS S5AD9 SADA 5ADB
Space group P2,2,2, P2,2,2, P2,2,2, P2,2,2,

Cell dimensions

a,b,e(A)

51.9111.9164.3

51.7111.6 164.1

5191114 1643

51.7 1110 165.1

Resolution (A)

1.91(1.93-1.91)

2.30(242-2.30)

1.98 (2.05-1.98)

205(2.13-2.05)

Molecular Docking

Rmerge 0.084 (>1.000) 0.141 (2.111) 0.097 (2.350) 0.126 (3.719)
Rpim 0.047 (>1.000) 0.105 (1.541) 0.066 (1.569) 0.111 (3.276)
CCY% nfa (0.348) 0.995 (0.360) 0.998 (0 506) 0.997 (0.300)
el 2230l B2i0.5) 10.7i0.T) R0 (0.5
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Scroll it down and stop to the table describing complex with compound 17 (5ADA)
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Complex Preparation
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Now turn to chimera and fetch the 5ADA pdb file through the File = Fetch
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And the 17/NOS complex is then loaded. Note that therea re two copies of the protein
complex, as the NOS act as a dimer (chain A + chain B).
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Complex Preparation
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We just need one chain and thus we can delete chain B. To do this first select chain B ...




Complex Preparation
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Then open the command line tool ...
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Complex Preparation
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. and delete the selected chain B by issuing the «delete selection» command (it is also
possible to use the «Action > Atoms/Bonds = Delete» command)




Complex Preparation
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Now we have only one copy of the 17/NOS complex
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Complex Preparation
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To prepare the complex for the geometry relaxation and the subsequent molecular
docking runs it is advisable to remove all non standard residue not necessary for the
study. Therefore we remove the crystallization water (solvent) and all not interesting
ions and small molecules (in this case there is only the solvent to be removed).

Issue the command “select solvent” in the command line.
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Complex Minimization
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And the water moleculs should be selected by being highlighted in green.
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Complex Minimization
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Then check for all non standard residues by the “Select = all nonstandard” menu
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Complex Minimization
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The nonstandard residues must be displayed (“Action = show”)
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Complex Minimization
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Deselect everything («Select = Clear Selection»)
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Complex Minimization
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And hide the ribbon
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Complex Minimization
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Select non standar residue again and focus on that selection
1) “Select > Residue > All nonstandard”

2) “Action - Focus”

3) “Action 2 Atoms/Bonds = Show only”
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There are several nonstandard residues, therefore we have to check on the PDB site for
residue information

24
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In the PDB site, go to the 5ADA complex and scroll down to the “small Molecules”
description section. Among all the small molecules the only not important residue is the
acetate ion. Molecule 25N is the inhibitor we are studying; H4B is a tetrahydrobiopterin
acting as a co-factor, HEM is the active co-factor and Zn is a structural ion.

25



Complex Minimization

5.2 Role of BH,

The haem requirement for dimerisation is common to all three NOS isoforms. They do however differ
with respect o the role of BH, in dimerisation. VWheraas nNOS and eNOS can form dimers in the

ahcanca of B 1481 IMOS dimarieation wae o racuirs the a of tha ram
absence of BH, [48] INOS dimerisation was reporied 1o require the presence of the plenidine [32]

alhough dimers were formed in E coll in the absence of BH, [49]. Furthermore, BH, stabilises the
nNOS and eNOS dimers once formed, and also the INOS dimer, although not to the same extent
[33.48,50,51]. These data are supported by the reduced binding of BH, by an N-terminal deletion
mutant of INOS, demonstrating the importance of residues 66—114 in INOS for binding of the cofactor
and hence dimerisation [52]. The recent crystaliographic data also show the location of BH, at the dimer
interface [28] Although these observations have had an impact on in vitro synthesis and reconstitution
experiments, the functional implications remain uncertain. The close resemblance of 4-amino-BH,, a
novel plerin-based inhibitor of NOS [51,53], to BH, in terms of conformational changes induced (low-
spin to high-spin conversion of the haem, dimer stabilisation, increased affinity for L-arginine) despite
Eaue inability to support NO production suggests a more complex role for BH, than merely inducing
conformational changes [51,54). The close proximity of BH, to the haem. as well as 10 the flavins al the
domain—domain interface [38], hints at a possible role in electron transfer [55), although exogenously
added BH, does not appear to provide electrons for the reaction [56). In this respect. the role of BH, in
NOS differs from that in aromatic amino acid hydroxylation [57]. A thorough analysis of the interaction of
numerous pterins with INOS revealed that the steps up to and including haem reduction are supported
by dinydropterins as well as tetrahydropterins [58). However, only the latter are able to support NO
synthesis and NADPH oxidation. The role of BH, in electron transfer therefore remains to be settied
although it has been shown that the cofactor accelerates the decay of the ferrous—dioxy complex of
nNOS, providing a novel hint to its role in NO synthesis [59]. Despite these clues. the full role of BH, in
NOS catalysis remains to be elucidated

£ 2 Rnla nfi .arainina
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Seeking for tetrahydrobiopterin information it is possible to find information on its role.



Complex Minimization
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Molecular Docking

Let’s delete the acetate residue: “Select = Residue = ACT”
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Complex Minimization
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Complex Minimization
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And delete it by issuing the “delete selection” at the command line
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Complex Minimization
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Molecular Docking

Make a copy of the clean complex with the “combine #0” command
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ID| | Active | Shown | Name
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Molecular Docking

Rename the two complexes as reported in the slide

Complex Minimization
=oix]

actvate
actvate all

activate only
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Complex Minimization
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At this point we can try to minimize the complex in area #1 (“Tools = Minimize
Structure”)

32



Steepest descent steps: [100
Steepest descentstepsize (A): 002
Conjugate gradient steps: [10
Conjugate gradent step size (A): ooz
Updateinterval: [l
Fixed atoms: none —ll
% Mamarize opbions chosen i subsaquant dialoge
" Use previously memorized options, ifany

w P

Molecular Docking

Complex Minimization

For chosen molecules, do the following:

¥ Delete solvent

™ Delete non-complexed ions

¥ 1f alternate locations, keep only highest occupancy
~ ‘ M5E) to (L]

¥ broma-UMP (SBU) to UMP (L)
" ¥ methylselenyl-dUMP (UMS) to LMP (U)

¥ methylselenyl-dCMP (CSL) to O (C)
Fjwumum: Replace using Dunbrack rotamer lbrary —

RL. Dusbrack, Jr. (2002) :
Rotamer brasies in the 215t ceoti

) Add Hydrogens for Dock Prer

[¥ Congider each modsl in isolation from all others
mMetnog

" sheric only
& aiso consider H-bonds (slower)

Protonation states for: histidine —t

e Resdue-name-based
_(HISHIDAIEMIP = unspecified/delta/epsion/both)

€ Unspecied (determined, “hod)

[ oo,

Consecutive windows will pop up
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50 that ther atomic partial charges can be computed. " . _
Chargemethod: (* AMIBCC  ( Gasteiger O | — o ek w"""""‘"""’"""
Publcations shauid ate: Vo | |
ANTECHAMBER charges ’ OK | Close | Help
Wang, J., Wang, W., Kollman, P_A, and Case, D.A_ (2006) [=d 2
Ammmt}-peudbondtypep«ccpmnmokcﬁmdnxdf

Journal of Molecular Graphics and Modelling, 25, 247-260.

Molecular Docking
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Unfortunately the minimization did not go thru! The program complains about a lysine
residue.
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Complex Minimization
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To check we can display all the lysine residues (“select = Residue = Lys”)
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Complex Minimization
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Molecular Docking

... “Actions = show”
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Complex Minimization
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And zoom out to see all the lysines. In this slide we can se there is a smaller lysine
residues. Most of the time this is the last residue of the protein sequence that normally
is not complete




Complex Minimization
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Unselect everything and zoom in to that residues and label all the residues (“Actions 2>
Label = residue”)
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Complex Minimization
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And the “LYS 717” label will appear.
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Complex Minimization
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Delete residue 717 by issuing the “delete :717” command

41



Complex Minimization

Molecular Docking

And try again to minimize “Structure Editing = Minimize Structure”
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Molecular Docking

Lock and Key Preparation
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The minimization starts and it will take some minutes to finish.

Select again all nonstandard residues
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Lock and Key Preparation
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Molecular Docking

And focus on those. In this slide it is possible to observe that small movements occurred
either in the ligand 2SN and the cofactors H4B and HEM. Note the Fe ion! This is actually

an error due to the fact that molecular mechanics calculations are not very good in
handle heavy metals.



Lock and Key Preparation
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Move on to prepare lock and key.

Issue the command “combine #1” twice and rename areas #2 and #3 as in the slide.
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Lock and Key Preparation
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Delete residue 800 (the ligand) form area #2
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Lock and Key Preparation
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Then make the reverse in area #3:

1) Issue the “select #3:800” command
2)



Lock and Key Preparation
T
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Chain
Chemistry
Residue
Structure

Seguence...

Atom Specifier...

By Attribute Vale...
Zone...

Clear Selection
Irwert (3l models)

Molecular Docking

Then make the reverse in area #3:
1) Issue the “select #3:800” command
2) “Select = Invert (selected models)>"

3) Issue the “delete selection” command

Now we have in areas #2 and #3 the isolated lock and key, respectively

Pagina 48

48



Experimental Conformation Re-Docking
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Let’s try to perform a ECRD using Autodock Vina (“Structure/Binding Analysis =2
Autodock Vina”)

FaFLFIFarsrsFerorarar

49



Experimental Conformation Re-Docking
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Set the parameters similar to shown in the slide and click OK.

Again there are problems. The program complains.

Very likely the problem is the fact that there are nonstandard residues embedded in the
lock (H4B, HEM, Zn)
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._:.I_"J|

B
Mmi POFIFIPIFar . MM rerra
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To workaround we can make the docking using the DOS terminal, but we need to save
the molecules.
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ol il
Foider: [2:\DATTY . _Bio \2015-2016\sercta | Iz ,lrr- \2015-2016\Esercta J
| icwa. 25. 1 bgand.pcb 1 | I}:zs Tiond pd
lewa. 25, 1receplor. pdb 5. Lreceptor .pcb
{1cwa. ECRD.bgand.pdb
[Lowa.ECRD.receptor.pdb mmw,nd:
icwa.RCRD. Igand.pdb [1owa RORD. Mgand.pdb
Lowa.RCRD.receptor pdb [1owa RCRD. receptor.
Lowa.RD.gand.pdb J1cwa RD.Mgand.pdb
1owa.RD.receptor [icwa.RD.receptor.pdb
N — e —
7] (1| T [+
File name: [SADA_key.pdb !I H:nm:lam_b&.nﬁ ﬂ
W Add .pdb suffix if none given W Add .pdb suffix if none given
Fie type: [g | iew foder... | Fie type: P08 [pdb] — | e folder... |
:I _onigral (0) il
o J_"lt!d(l'll e G mirmized (=
=3 =
™ Save dsplayed atoms only ™ Save dsplayed atoms only
™ Save selected atoms only ™ Save selected atoms only
™ Save relative tomodel:  SADA_original (20) _-| ™ Save relatve tomodel:  5ADA_crignal (#0) _.i
[ oy i e S [ e S o ot S
[e] e o] |

[Sove] cose o] ,

Molecular Docking

Save both the lock and the key into pdb files
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e . aloix|
e o - 0 [traatears L]

=19
2o - [mamttea [re0 | | |
—— - 1 SA0Apy el 410
Moot Srtronzanen Servon
Mot v Sk S0 ove e BYC 1,180 K8
Mcrosoft Vs S0 10.0 DA ey oy Fie P8 s
Morosht T T Sl ot Fie POBT 1
Mok Frefox T B0 o oy Fie P08 b L]
Masls Hantenance Servce 7. 508 jock petit Fie POBGT s
b Mo sondg. ot Documents @ westn 1
S_— f e Documents Adabe . 7080
btk 0. s 1064 _x_001.cov Fie o L alor oo 28
. o 2 S0 B4 _m_00 1. sdes SMILES e FC
Comrilabel-2.3.2
.- T 01064 _s_002 000 Detimairils Aot 1%
o ¥ Molecudar Tiodarg, “ - %
POV Systams [ | Chwmera-ra sots Presentanore o M. T
Grteene Atueepars
REwcel
[j some
wiatoon

The Sorpps Resesch Insttute
b urwtal Infrmation
Vet At
Windows Defender
Wndona Lve
| Wi Mal
| Pirdows Meds Purpe
[T
| wrdoe Phats vewer -

i 12 slarmant:
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Check you have the files
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Then use babel to convert the two molecules by issuing the following command.

1) First move in the correct path

cd Z:\DATI\Lavoro\Universita\ChimicaFarmaceutica_BiotFarmaceutiche\2015-
2016\Esercitazioni\Docking

2) Convert the lock (this will take time!!):

"C:\Program Files (x86)\OpenBabel-2.3.2\babel.exe" -xrcp 5ADA_lock.pdb
5ADA_lock.pdbqt

3) Convert the key:

"C:\Program Files (x86)\OpenBabel-2.3.2\obabel.exe" -xp -ipdb 5ADA_key.pdb -
opdbqgt SADA_key.pdbqt
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\Z| SADA.py 12/17/2015 11:13PM  File PY

__| SADA.pyc 12/17/20154:34PM  File PYC

\Z| SADA_key.pdb 12/17/2015 10:58PM  File PDB

| SADA_key.pdbat 12/17/2015 11:01PM  File PDBQT

|2 5ADA_lock.pdb 12/17/2015 10:58PM  File PDB

2| SADA_lock.pdbqt 12/17/2015 11:45PM  File PDBQT

L jm5b0 1064.pdf 12/11/20158:31AM  Documento Adobe ...
Q.| mSb01064_si_001.csv 12/11/2015 7:54 AM  File con valori separ...
| jmSb01064_si_001.smiles 12/14/2015 10:09 AM  SMILES file

L jm5b01064_si_002.pdf 12/11/20157:56 AM  Documento Adobe ...

Check al the file are present

4,681KB
3,180 KB
SKB
3KB
783 KB
326 KB
7,126 KB
2KB
2KB
3,268 KB
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L Documents - WordPad 2 =10 x|
0 Catior Ay weE-E B g I P
Incona G C 5 aeXox #-A- [BF T W [ mmegne Dsegno Data inseriic
- = = - diPaint eom opgetio
[ :. XK DNEE EXET 5186 XX L T TS T R T T T L. s+ e |

'm-—\}—.‘
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Then prepare a config file for Autodock Vina, Open the wordpad program
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B weEse Documento - WordPad L

Pagana inciade Visuakeza

=10l
™
: < il = — o T (@ | s
Courier N il =i 0" = - 8 - . ’
D e = ’; J = 2o Sotbtuinn
Incoita J X, - A 71 Immagine Dwegno Data Inserkc
v GC S ix Z-A- EETER S Pt o ogorte | ] Selesiona tutto

|-1--a-|._'-5 4 16 F-1+8 LR ALt S ¥ 13-4 ‘14 15 ¢ (Afe 4 +17: 1 18
center_x = 43.00
cor.-:or_‘y i P UE-C'
sizex = 25.00  (your number will be different!!)

ener
exha

Molecular Docking

Pagina 57

Insert the correct info (your number will be different!!)
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Molecular Docking Pagina 58

Try to run the docking in the DOS terminal by issuing the following command:

Z:\DATI\Lavoro\Universita\ChimicaFarmaceutica_BiotFarmaceutiche\2015-
2016\Esercitazioni\Docking>"C:\Program Files (x86)\The Scripps Research
Institute\Vina\vina.exe" --receptor SADA_lock.pdbqt --ligand 5ADA_key.pdbqt --config
config.txt

The program stops outputting an error is in the lock file
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D Courier Hew

B ™ "0 SADA_lockpdbat - WordPad =101 %]
Dag na incale Visuakzza v

Incatla G € S sha X 5 #+-A- |IEEEE 3 H 55 |Immagine Ditegno Data Iwerisdl | . g

- = = = - diPaint eora oggetto | [ Seieniona viio

]
T S KA W TR JOURy KA ) LI S T R TR R RO R TR TR 0 AR T T
: 4

REMARK Name = SADA_ lock.pdb
REMARE x y z vdW Elec
q TYpe
REMARF

Experimental Conformation Re-Docking

T caa] weEE | o of T @ B

o, Sostitutia

e -
ATOM 1 N ARG R295 51.900 -26.294 -17.566 0.00 0.00

*0.000 NA

ATOM 2 CA ARG A299% 51.105 -25.078 -17.746 0.00 0.00
+0.000 C
ATOM 3¢ ARG A2599 49.768 -25.135 -16.982 0.00 0.00
+«0.000 ¢
ATOM 4 © ARG AZ95 49.272 -24.085 -16.601 0.00 0.00
+0.000 OA
ATOM 5 CB ARG A299 50.927 -24.838 -19.266 0.00 0.00
+0.000 C
ATOM & ©G ARG A259 50.296 -23.492 -19%.6€62 0.00 0.00
+0.000 ©
ATOM 7 CD ARG A299 49.692 -23.544 -21.073 0.00 0.00
+0.000 C

ATOM 8 NE ARG A299 49.064 -22.259% -21.461 0.00 0.00

Open and fix it!
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First remove the line containing the “ROOT” word at the beginning of the file
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Experimental Conformation Re-Docking
SADA_lock pdbat - WordPad =101 x|
v Visuakzza v
[ #% comenen — -n <& K- A T
v = 25 Sostitutsal
Incolia G C S Xy A EEAN S il Seleriona tutto.
|-.‘-|t-3-|-;’-J-a-s-s-'.'-a-9-10--':1'EC"l?--H--:S-I.&i-l'l'-"lavn
2
REMARE Name = S".D.'._laek‘pdb
REMARKE x ¥ z vdW Elec
q Type
REMARE
ATOM 1N ARG A29S5 51.500 -26.294 -17.56€ 0.00 0.00
+0.000 NA
ATOM 2 CA ARG AZ95 0.00 0.00
+0.000 C
ATOM 2 C ARG R299 0.00 0.00
+0.000 ¢©
ATOM 4 [+] ARG AZ255 49,272 -24.085 -16.601 0.00 0.00
+0.000 OA
ATOM 5 CB ARG A299 50.927 -24.838 -19.266 0.00 0.00
+0.000 C
ATOM & ©G ARG A25%% 50.2%6 -23.49%2 -15.¢662 0.00 0.00
+0.000 C
ATOM 7 CD ARG A299 49.692 -23.544 -21.073 0.00 0.00
+0.000 C
ATOM B NE ARG RA299 49_064 =-22.259 =-21.4€1 0.00 0O0.00
+0.000 N
ATOM 9 CZ ARG A299 49.582 -21.312 -22.234 0.00 0.00 : _ =
100% (= — 2
Molecular D C Pagina 60
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B =9 SADA_lock pdbat - WordPad : =101 x|
Pagina inizial Visualizza w
E] Couies Hew ‘I - A R ) @ 8 Trow
Sl souuisa
i GCSXx 7 A" EF il Seleziona tutto
--:-1-3-: R R R R R R N R N N N R P s et
Al
+0.000 €
ATOM 4109 O10 H4B A760 $5.291 -12.495 6.219 0.00 0.00
| +0.000 oA
ATOM 4110 H3 H4B A760 47.471 -11.079 8.958 0.00 0.00
+0.000 HD
ATOM 4111 HS5 H4B ATE0 52.150 -10.585 9.001 0.00 0.00
+0.000 HD
ATOM 4112 HE H4B ATED 51.057 =15.056 7.627 0.00 0.00
+0.000 HD
ATOM 4113 H21 H4B A760 46.756 -14.396 7.%50 0.00 0.00
| +0.000 HD
ATOM 4114 H22 H4B AT60 $6.099 -12.886 8.514 0.00 0.00
+0.000 HD
ATOM 4115 HO9 H4B AT60 55.513 -11.716 10.045 0.00 0.00
+0.000 HD
‘ ATOM  411€ HO10 H4B A7€0 £5.555 -11.610 5.508 0.00 0.00
+0.000 HD

TORSDOF 1677

ATOM 4117 2N 2N Al1717 57.038 =-18.205 =4.744 0.00 0.00
‘ f!h : R |
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Then remove the ENDROOT and TORSDOF containing lines and correct the charge on the
Zn atom!
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i, 28 SADA_lock pdbgt - WordPad =101 x|
B o e | visuaia -
- = - " s — — — ] PR
D Courier New ol LA L L Sl - -'f s 0 b o
= - 2 Sontituisc
Incola G C 5 shaX 22 'A‘ EE3 55 Immagine Dusgno Data  Inseno -

= GiFaini com oggriie =

-z-l--a 11 IR KR O R s R R T T T T O™ S R ¢ SO TP o QRO DO
+0.000 © _I
ATOM 4109 ©10 H4B AT&0 55.291 -12.495 6.219 0.00 0.00
+0.000 oa
ATOM 4110 H3 H4B ATE0 7.471 -11.07% 8.958 0.00 0.00
+0.000 HD
aATOM 4111 HS H4B ATED 52.150 -10.585 9.001 O0.00 0.00
+0.000 HD
AT 411Z #HE HEB ATE0 51.057 -15.058 T.827 0.00 ©.00
+0.000 HD
ATOM 4113 H2Z1 H4B ATED 46.756 ~14.396 7.950 0.00 0.00
+0.000 HD
ATOM 4114 H22 H4B ATED 46.099% -12.886 8.514 0.00 0.00
+0.000 HD
ATOM 115 HOS H4B AT&0 $5.513 -11.716 10.045 0.00 0.00
+0.000 HD
ATOM 4116 HOL10 H4B ATE0 §5.559 -11.610 5.908 0.00 0.00
+0.000 HD
ATOM 4117 2N N Al1717 57.038 -18.205 -4.744 0.00 0.00
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Assume a charge of 2.0 for the Zn
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Experimental Conformation Re-Docking
ol
m Pagina i Visualizza W
E] . Courier New -l -A K -l eB- 8 Trow
v 25 Sostitutsal
I - . e | 7
‘.DN. G C 5 ke X x| # A EFIE A 1l Seleriona tutto
beZeney 3-1-4 I A A N R S T R O T N T T 1 ¢ ™ AT
|
NC HEM ATS50 37.991 -5.080 3.301 0.00 0.00
ND HEM A730 40.750 -=9.387 3.24¢ 0.00 0.00
FE IHEH ATS0 35.502 -9_487 5.082 0.00 0.00
N1 HAD A/oD 45.164 -13.702 .12 0.00 ©0.00
C2 H4B ATe0 48.129 -12.937 B.348 0.00 0.00
+0.000 C
ATOM 4055 N2 H4B ATE0 46.880 -13.397 8.115 0.00 0.00
+0.000 NA
ATOM 4096 N3 H4B ATED 48.305 -11.630 8.788 0.00 0.00
+0.000 N
ATOM 4087 €4 H4B ATED 49.518 -11.036 §.%38 0.00 0.00
+0.000 C
ATOM 4098 ©O4 H4B ATE0 49.642 =9.932 9.382 0.00 0.00
+0.000 CA
ATOM 4099 C4A H4B ATED 50.642 -11.959 8.563 0.00 0.00
+0.000 —
ATOM 4100 CBA H4B ATE0 50.382 -13.23% 8.164 0.00 0.00 j
100% (= — + P
A ~
Molecular Docking

Fix also the charge on the Fe by setting to 3.0
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ripps h Instit t 1 t config conf is
HEBuARERREURNEERAN
pd AutoDock Uina in

DOl 19,108

Output will be SADA_key_out .pdbgt
De ted 4 CPUs
input .
the scoring fu
b

98 1 8

Molecular Docking

Launch the docking and now it should go.

n Files

g.t
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cout ica BiotFarnaceu 201 5-201 6 FaarcitazionisDockins

When it will be over
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h for exploratory research and analysis.pdf .b:t

pmSbD 1064, pdf

pm3b01064_si_001.csv
fhape and Electrostabe Potential.pdf bmSb0 1064 _si_00 1smies
b for exploratory research and analysis. Balloon.pdf ymsb0 1064_si_002.pdf
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Read in chimera the output file (SADA_key_out.pdbqt) and instruct the program to
consider the file as a normal PDB one
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| VS Cheere SA0A alglx

e
amii: FOF 1 FIFIFAaFIFAaFIN MM e
Cpered 04 _key ot bt cordarwy 19 modets. 113 stma. ard 15 rescdues u
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The docked conformations will appear in the chimera windows.
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T alDi

dmsd 25 27.1]
Ativemodels: Fo F1 F2F3Fa4Fs
RMSD between 27 atom pars is 3.544 angstroms

Molecular Docking

Ungroup them and hide all conformations except the first (7.1 here).

As you can see the yellow conformation (re-docked) is well superimposed on the
experimental one. It is also possible to calculate the RMSD value by issuing the “rmsd #5

#7.1” command.

We have an RMSD value of 3.5, it is not very good but actually the trimethyl amino
methyl side chain have space to move.
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[k FUCM Ohimiewu-SADR =101 %]

Activemodels: WO M1 W2 FM3iWMasWs Fe ¥
RMSD between 27 atom pairs is 1. 104 angstroms
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Indeed the second conformation is much better with an RMSD value of just 1.1! And it is
only 0.4 kcal/mol away from conformation 1 (see slide 65)
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Exercise

1. Make a random conformation of compound 17
1imime bhallaam otarkime~ fram 1te armilas (alida O\
Uiy vanuull, siailiily 1vili 1o o11co \oliuc )

2. Perform a random conformation re-docking
(RCRD)

3. Prepare a different molecule and study its binding
mode
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