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Molecular Forecaster Inc (MFI)-USP5 Zf-UBD

Objective: to assess self-docking of ligands in USP5 zinc finger ubiquitin binding domain (Zf-UBD) co-crystal
structures using the Forecaster FITTED docking platform and to investigate the ranking success of FITTED rigid
protein docking vs. MATCHUP flexible protein docking on a library of experimentally tested compounds

Method & Results:

MFI docking program was tested to reproduce the observed binding mode of ligands in the x-ray structure.

A. Self-Docking [rigid protein docking]

The following was completed for PDBs (6DXH, 6DXT, 6NFT):

1.

3.

4.

Forecaster Interface Workflow: Docking small molecule(s) to protein(s)
NB: do not include “MATCHUP and CONVERT boxes”

PREPARE: PDB prepared into corresponding mol2 format using PREPARE. PREPARE adds hydrogens,
generates tautomer’s and optimizes the H-bonds.

e Source of protein structures: from working directory

e Remove chains: no

e Number of proteins: 1

To define the active site and extract the ligand, the ligand was selected in a 3D viewer (Jmol):

e Ligand Identifier: Load PDB structure

e Use mouse to click on one atom of the ligand and then use toolbar: Forecaster/Select ligand
residues. All ligand residues should now be selected. Forecaster/Write keywords. Exit 3D
viewer.

e Optimize: Yes

e |terations: 10

e Side Chain conformation: Take from input file only

e Water molecules: crystallographic

e Macromolecule: Protein

e Save and write keyword file (parameters-prepare.txt)

PROCESS: prepares protein mol2 files for docking with FITTED

e Source of protein structure: from PREPARE box above
e Number of proteins: 1

e Macromolecule: protein

e Number of ligands: 1

e Ligand Cutoff: 7

e Prepare for: docking to rigid protein

e Save and write keyword file (parameters-process.txt)

SMART: prepares ligand files for docking with FITTED
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e Source of ligand structures: from PREPARE box

e Charges: DGH

e Mode: Docking

e Save and write keyword file (parameters-smart.txt)

5. FITTED: docks small molecules to proteins
e Source of protein structures: from boxes above
e Number of proteins: 1
e Macromolecule: Protein
e Protein flexibility mode: Automatic
e Water Molecules: Crystallographic
e Covalent Docking: No
e Run mode: Dock
e Save and write keyword file (parameters-fitted.txt).

6. Run Workflow

Please find attached 1_selfdockXXXX.zip files for results of each self-docking simulation.

Table 1 and Figure 1 summarize the results of self-docking for USP5 Zf-UBD crystal structures. The observed
binding modes in the x-ray structures were successful (less than 2 A). Structure 6NFT had the best observed
binding mode (i.e. lowest RMSD).

Table 1. Self-Docking Results

6DXH
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Score

-23.399
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Figure 1. USP5 Zf-UBD self-docking root mean square deviation value (RMSD)

MFI’s docking platform can dock ligands to a protein simulating the protein flexibility by providing a
conformational ensemble of structures (i.e. multiple co-crystal structures).
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B. Flexible protein docking

1. MATCHUP: superposes protein structures or makes protein sequences similar
e Number of protein structures: 3 [PDB: 6DXH, 6DXT, 6NFT]
e Ligand Identifier from pdb #1: Load pdb structure, select and write keyword for ligand
residue. Repeat for each structure.
e Mode: Make similar
e Save and write keyword file (parameters-match-up.txt)
2. PREPARE:
e Source of protein structures: from MATCH-UP box above
e Remove chains: No
e Number of protein structures: 3
e Optimize: Yes
e |terations: 5
e Side chain conformation: take from input file only
e Water molecules: crystallographic
e Macromolecule: Protein
e Save and write keyword file (parameters-prepare.txt)
3. PROCESS
e Source of protein structures: from PREPARE box above
e Number of proteins: 3
e Macromolecule: Protein
e Number of ligands: 3
e Ligand cutoff: 7
e Prepare for: docking to flexible protein
4. SMART:
e Source of ligand structures: from PREPARE box
e Charges: DGH
e Mode: Docking
e Save and write keyword file (parameters-smart.txt)
5. FITTED:

Source of protein structures: from boxes above
Number of proteins: 3

Macromolecule: Protein

Protein flexibility mode: Automatic

Water Molecules: Crystallographic

Covalent Docking: No

Evaluate RMSD: Yes

Run Mode: Dock

Save and write keyword file (parameters-fitted.txt)



Mandeep Mann
2019/04/01

Please find attached 2_Flexdock_Matchup.zip file for docking simulation results.

All ligands had RMSDs less than 2 A using flexible docking; however, flexible docking RMSDs are greater than
self-docking RMSDs for DAT201 (PDB: 6DXH) and DAT180 (PDB: 6DXT). Structure 6NFT had the best observed
binding, with a RMSD of 0.19, similar to the self-docking results. Table 2 summarizes the flexible docking results
and Figure 2 compares the rigid self-docking and MATCHUP flexible docking RMSDs.

Table 2. Flexible Docking of USP5 Zf-UBD Structures with MATCHUP

6DXH (DAT201) | 6DXT (DAT180) | 6NFT (DAT194)
Score | -24.053 -16.723 -26.778
RMSD | 1.72 1.92 0.19
2.5

DAT201 (6DXH) DAT180 (6DXT) DAT194 (6NFT)

m Self-docking ® MATCH-UP

Figure 2. Self-docking (rigid) vs. flexible docking (MATCHUP)

C. Cross-Docking

1. MATCHUP
e Number of protein structures: 3 [PDB: 6DXH, 6DXT, 6NFT]
e Ligand Identifier from pdb #1: Load pdb structure, select and write keyword for ligand residue.
Repeat for each structure.
e Mode: Superpose
e Save and write keyword file (parameters-match-up.txt)
2. PREPARE
e Source of protein structures: from MATCH-UP box above
e Remove chains: No
e Number of protein structures: 3
e Optimize: Yes
e |terations: 5
e Side chain conformation: take from input file only
e Water molecules: crystallographic
e Macromolecule: Protein
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Save and write keyword file (parameters-prepare.txt)

3. PROCESS

4. SMART

[ ]

[ ]

[ ]

[ ]
5. FITTED

[ ]

[ ]

Source of protein structures: from PREPARE box above
Number of proteins: 3

Macromolecule: Protein

Number of ligands: 3

Ligand cutoff: 7

Prepare for: cross-docking

Source of ligand structures: from PREPARE box
Charges: DGH

Mode: Docking

Save and write keyword file (parameters-smart.txt)

Source of protein structures: from boxes above
Number of proteins: 3

Macromolecule: Protein

Protein flexibility mode: Automatic

Water Molecules: Crystallographic

Covalent Docking: No

Evaluate RMSD: Yes

Run Mode: Cross-docking

Save and write keyword file (parameters-fitted.txt)

Please find attached 3_crossdock.zip for crossdocking results.

The cross-docking results are summarized in Table 3. Structure 6NFT had the best overall average RMSD.

Table 3. Cross-docking: RMSDs of ligand pose with best energy complex from 3 poses

6DXH 6DXT 6NFT
6DXH (DAT201) 0.93 1.83 1.18
6DXT (DAT180) 2.16 1.43 0.96
6NFT (DAT194) 1.36 1.18 0.39
Average RMSD 1.48 1.48 0.84

D. Pseudo Virtual Screen using Experimentally tested compounds

48 compounds that have been previously experimentally tested were used in a pseudo virtual screen to

determine the best predictive ranking method. PDBs 6DXH, 6DXT, 6NFT were each used for virtual screening
with rigid protein docking and a virtual screen using flexible docking with MATCHUP was also performed, with
and without solvation GBSA on. Docking scores were compared and ROC curves were generated. The docking

results with solvation GBSA turned off are summarized in Table 4 and Figure 3. The docking results when

solvation GBSA is turned on is summarized in Table 5 and Figure 4. Please see attached ROC.xIsx for analysis of

results.



Table 4. Virtual Screen of USP5 Zf-UBD compounds (Solvation: Off)
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Cpd
#

Compound
Name

Compound
SMILES

Compound
Structure

Experimental
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Figure 3. ROC of virtual screen of USP5 Zf-UBD compounds with solvation off
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Table 5. Virtual Screen of USP5 Zf-UBD compounds (Solvation: On)
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Cpd
#

Compound
Name
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SMILES
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Structure
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Figure 3. ROC of virtual screen of USP5 Zf-UBD compounds with solvation on

Conclusions & Future Directions:

Self-docking and flexible docking were validated using the MFI FITTED docking platform, as all docking RMSDs
were less than 2 A suggesting successful binding poses in the USP5 Zf-UBD pocket. Structure 6NFT had the best
overall average RMSD for cross-docking with the FITTED platform. For virtual screening, flexible docking with
MATCHUP results in the best predictive ranking of a library of 48 USP5 Zf-UBD compounds, with solvation GBSA
on. Next, MFI’s flexible protein docking with MATCHUP will be used to screen larger commercial libraries in the
search for different ligand scaffolds against USP5 Zf-UBD.
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