Ligand Fitting with CCP4
Cloud & Coot Tutorial
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Tutorial — Introduction

* SARS-CoV-2 Main protease (Mpro) is one of two cysteine proteases th\'a‘t
are essential for viral replication, making it an attractive drug discovery
target for the treatment of COVID-109.

* We have provided X-ray diffraction data collected from crystals soaked with
inhibitors from the COVID Moonshot — a crowdsourced open drug
discovery initiative

* In this tutorial we will identify the ligand binding site, generate ligand
restraints, model the ligand, refine and validate our model

* Files:

DIMPLE output (pdb/mtz)

Reflection data (mtz)

SMILES string

Ligand coordinates (pdb) and restraints (cif)

https://doi.oreg/10.1101/2020.10.29.339317 dlamond
https://doi.org/10.1126/science.abo7201
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

* Copy data: /dIs/i04/data/2024/mx39148-1/processing/DLS-
CCP4_Covid_Moonshot

* You will see four folders Mpro_1/2/3 (ignore 4 for now)

 Login to CCP4 Cloud (cloud.ccp4.ac.uk) and create a new project called:
e (CCP4 _Covid _Moonshot (Specify what you want the name and ID to be)
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

1. Import files for respective folder Mpro_1, Mpro_2, Mpro_3
" You can import all files from Mpro_1

[0057] file import -- completed -2 %

m Output B g M e 3 B KcCiose

File(s) Upload and Import
Upload and impaort various files from your device into the Project
l ' job description: |fi e import

Use the file selection button below to choose files for upload. When done, hit Import button to start importing.

| S i

Uploaded

Mpro.fasta
Compound1.cif
Ea Compound1.pdb
= dimple.mtz
dimple.pdb
Mpro_1.free.miz

-85

diamond



Tutorial — Part 1: Ligand fitting in CCP4 Cloud

1. Import files for respective folder Mpro_1, Mpro_2, Mpro_3
" You can import all files from Mpro_1

[0095] file import (new) -2 |v|%

P Import « T B %Close

File(s) Upload and Import

Import Annotation

| S~
Sequence Import

Use the
Specify appropriate sequence types.

»

File: Mpro.fasta
>3C-like proteinase|Severe acute respiratory syndrome coronavirus 2 (2697049)
Upfoa SEGFRKMAFPSGKVEGCMVOVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKS
NHNFLVQAGNVQLRVIGHSMONCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSG
VYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHEMELPTGVHAGTDLEGNFYGPEV
DRQTAQAARGTDTTITVNVLAWLYAAVINGDRWELNRFTTTLNDFNLVAMKYNYEPLTQDHVD
ILGPLSAQTGIAVLDMCASLKELLONGMNGRTILGSALLEDEFTPFDVVRQCSGVTIEQ

4 »

Apply & Upload
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

2. Define ASU contents

[0057] file import -- completed -2 %

m Output M e 3 B KcCiose

File(s) Upload and Import

Upload and impaort various files from your device into the Project
l ' job description: |file import

Use the file selection button below to choose files for upload. When done, hit Import button to start importing.

| S < il

Uploaded

Mpro.fasta
- - Compound1.cif
ol Compound1.pdb
e dimple.mtz
dimple.pdb
Mpro_1.free.miz

* %

@3
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

3. Run dimple-MR

<= i

-—
-
-
=

E@s

o [N

{f‘
&

[0058] define asymmetric unit contents -- comgnleted - |2 |%
ALK T B o
v
Main Log Service Log Errors

CCP4v.9.0.004; CCP4 Cloud v.1.8.002
Started: 2024-11-26 11:37:31

[0058] Asymmetric Unit Contents Finished: 2024-11-26 11:37:31
CPU: 00.004, Disk: 0.04N

User-suggested ASU contents (hypothesis)

Neopies Structural unit components Weight

1| [0057-06] Mpro /segquence/protein/ PROTEIN 306 33778.8

Total residues/weight: 306 33778.8

[0058] Results

Cell volume: 258878.078 A3

Molecule fitting statistics

Nmulte  Matthews % solvent Proatthews
* 1 1.92 35.84 1.000
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

3. Run dimple-MR

[0058] define asymmetric unit contents -- completed — |2~ ]%
WY - Output | % M e 0 T B $¢close
Task List x

Suggested tasks All tasks Workflows

= Sl

Filter by keyword(s): |dimp|

Dimple Molecular Replacement
-- allows quick assessment of crystal data to see if a ligand has bound to the structure

Dimple refinement
-- makes positional and coordinate adjustments to improve siructure qualify

Workflow: Dimple Molecular Replacement
-- data import, ASU definition, Dimple MR, refinement, ligand fitting and PDB deposition

J

Workflow: Dimple Refinement and Ligand Fitting

- Dimple pipeline, ligand fitting, refinement and PDB validation report

Help Close
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

4. Run auto-DPL (refinement and ligand fitting)

[0059] dimple-MR -- completed

-]~ |%
KN o cn . T 8 Koo

Dimple Molecular Replacement
@ job description: [dimple-VMIR |

| Q<=1

output id: dimple_mr
Reflections =1
—_ Template structure €,
J Ligand library S
N » Options

CA- 1IN
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

4. Run auto-DPL (refinement and ligand fitting) - this requires the ligand and its
generated restraints which we already have.
[0059] dimple-MR -- completed

Input i'f:‘“‘z [:ﬂ L T B ¢ Close

Task List

== i

| &

Suggested tasks All tasks Workflows

Filter by keyword(s): |dimple

@ Dimple Molecular Replacement
-- allows quick assessment of crystal data to see if a ligand h

=

] Dimple refinement
— MaKes _.'.‘--3.5:'(.--3.-’-85' and

=

=

ound to the structure

b

aDPL Workfl
g aata

aDPL | Workflow: Dimple Refinement and Ligand Fitting
ik -- Dimple pipeline, ligand fitting, refinement and PDB validation report

o

o~ IS

Help | Close diamond



Tutorial — Part 1: Ligand fitting in CCP4 Cloud

4. Wait a few minutes for the workflow to complete (in the meantime start
uploading the next Mpro data under a separate job in the project)

5-----:2"iauto-DPL:[0061] Dimple Refinement and Ligand Fitting Workflow -- Ligands (1); workflow started
J@ auto-DPL:[0062] dimple -- R=0.1932 Ry,.=0.2345
J auto-DPL:[0065] fit ligand -- Ngyeq=1
4§53 auto-DPL:[0067] refmacat - R=0.1888 Ryye,=0.2244 MolProbity=0.92
2% auto-DPL:[0068] fit Waters - Nyaers=73 R=0.1842 Riye,=0.2243 MolProbity=1.04
5> auto-DPL:[0069] refmacat — R=0.1851 Riye,=0.2322 MolProbity=1.48

J»,.. auto-DPL:[0070] refmacat == R=0.1516 Ry,..=0.2191 MoiProbity=1.2
+--€gb auto-DPL:[0071] PDB validation report -- pdb report obtained
{é} auto-DPL:[0072] Automated Workflow has finished succesfully (look inside for comments)
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

5. Once your first job is complete, open the last refmacat and launch Model
build with webcoot
[0070] refmacat -- completed =|E
Input EHE _F Q> T n K Close
Task List

Suggested tasks All tasks Workflows

| O % = i

Filter by keyword(s): |WGH

= V‘ EdltCoordlnatesmth WebCooUIVIoorhen _ _
n densify with

mt V‘ Model Buﬂdlng W|th WebCoothoorhen
J 'y, validate and explore wit

@S
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

5. Centre on ligand and assess how well the ligand was fit (visual inspection)

D

[0076] webcoot (interactive model building)

»

x
[ File
/  Edit
Calculate
© View

Validation

8=,, Ligand

$2  Map Tools
i) Models
&2 Maps

£Q0  Historv

Get monomer...

From SMILES...

Centre on ligand... v molecule
Minimi > Chain A
inimize energy... :
% v Chain X
Match ligands... /1/X/1(LIG)
Find ligand... A i s SRy
AT E
7 L& X (-J
- / y R Tk 2 {”Y
5\1 -: /\\T{ \‘,\‘ ﬁ 2%
- s o I‘, = \ X
38 L R N
I‘ F
’

- a2

v |R
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

5. Assess ligand validation

| 3¢

[0076] webcoot (interactive model building)

x
@ File
/" Edit
:Z] Calculate

© View

=+ Validation

1) 8,0 Ligand

P A R

S $%  Map Tools

i) Models
"t &4 Maps
y &
=Y ) Historv.

J )
4

Difference map peaks...
Ramachandran plot...

Validation plot...

Ligand validation...

Carbohydrate validation...

Peptide flips using difference map...
Fill partial residues...

Unmodelled blobs...

MMRRCC plot...

Calculate Q-Score

Water validation...

-2 v R
AR RS =2 =

lCmolecule:/1/A/165(MET)/H )
<y \“ﬂ‘“ vy AN, : T
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

5. Assess ligand validation and check PDB validation report

[0076] webcoot (interactive model building) -|2]|v|% =
E— — [0071] PDB validation report -- finished AL
x

s

(,/,r'i\_\Cm?[?CUIe1A183(GLY)/CA 7 ) Input m ] Eﬂ - T n 9¢ Close

N
[2) File
- X <’ [1 Main Log Service Log Errors
* Edit -
¥, ' QO cont.dots a = CCP4 v.9.0.004; CCP4 Cloud v.1.8.007
. . Started: 2024-11-26 11:48:0¢
: [0071] PDB Validation Report Finished: 2024-11-26 11:51:17
= calculate QO Chem.Feat. CPU: 00.031, Disk: 4.7V
e 80 hydrogens with zero occupancy have been removed from the structure.
© View 1 n e
@) Gesin. , Prepare deposition files
Validation
Ev] Validation .., ° =g v e - 4+ 1 of12 | Ry D Q.
8 Ligand _‘ﬁ{
v
5\9‘( Map Tools Chem. WORLDWIDE
) SRR v Feat. - ’ ﬂw P
m Models PROTEIN DATA BANK
. | n Preliminary Full wwPDB X-ray Structure Validation
} Report
Y &R Maps S * port () -
> T"'&“ v 4 »
e £0)_ Historv ] 4
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

6. Inspecting for other potential ligands/unmodelled regions?

1 8

* /(B

o

P
%

. o

@S

[0081] webcoot (interactive model building)

= Fiai=a Y

}/‘v

Edit
7RSS

i3 Calculate

O (G

© View

Validation

I AR o v e S
8=,, Ligand

& Map Tools

= RIS

ﬂ_l Models

#2  Maps

&

n Hismr‘ o3
W

\ i Water validation...

£

Difference map peaks...
Ramachandran plot...
Validation plot...
Ligand validation...

Carbohydrate validation...

Fill partial residues...
Unmodelled blobs...
MMRRCC plot...

Calculate Q-Score

=

Qs =

Peptide flips using difference map...
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Tutorial — Part 1: Ligand fitting in CCP4 Cloud

6. Alternatively, you can upload files then do MR, followed by auto-DPL
(refinement and ligand fitting)

-4 [0001] file import == imported: HKL (1) Structure (1) XYZ (1) Sequence (1)

5-----5?-‘?_:?[0002] define asymmetric unit contents == 1 molecule in ASU, Solv=35.8%
4522 [0003] mrbump - R=0.2687 Ry,,=0.291

5-----‘3__2"vlauto-DPL:[0009] Dimple Refinement and Ligand Fitting Workflow == Ligands (1); workflow started
J@ auto-DPL:[0010] dimple -- R=0.2416 R;,..=0.2747

Jc‘h"r auto-DPL:[0013] make ligand -- ligand "00Z" prepared
4 auto-DPL:[0015] fit ligand == Ngyeq=1

1», auto-DPL:[0016] refmacat -- R=0.2389 Ry,.,=0.2703 MolProbity=1.03

4-(%7 auto-DPL:[0018] fit waters == Nyaters=181 R=0.2026 Ry,0.=0.2399 MolProbity=0.92
», auto-DPL:[0020] refmacat -- R=0.2041 Ry, ..=0.2466 MolProbity=1.35

Jr, auto-DPL:[0022] refmacat -- R=0.1675 Ry, .,=0.2438 MoilFrobity=1.35
4.8 auto-DPL:[0023] PDB validation report -- pdb report obtained

{i} auto-DPL:[0026] Automated Workflow has finished succesfully (look inside for comments)
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Tutorial — Part 1: Identity binding site

* Copy data: /dIs/i04-1/data/2023/mx37045-5/processing/DLS-
CCP4_Covid_Moonshot

* Select a dataset Mpro_1/2/3 (ignore 4 for now)

e Start Coot and load protein model and reflection data
* Open Coordinates: dimple.pdb
* Auto open MTZ: dimple.mtz

* Validate -> Unmodelled blobs...

* Select difference map and protein model

* Click “Find blobs” and search through identified blobs
* Did you find a blob near Cys145?
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Tutorial — Part 2: Generating restraints

You can either...

* Generate restraints in Coot:
e Select SMILES -> 2D from Ligand menu
* Enter provided SMILES string and click “Send to 2D viewer”
* Check structure in Lidia then click “Apply”
* This will generate the ligand coordinates and restraints file

* Generate restraints using CCP4 Cloud (“Make Ligand with Acedrg”)
* Use pre-prepared compound pdb and cif files (from Grade webserver)

diamond
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Tutorial — Part 3: Fitting ligand

 We now know where to place the ligand and
have the ligand restraints

* Run Ligand -> Find Ligands

 Select Ligand (Flexible), difference map and protein
model

e Search “Right here” with rm.s.d. level set to 3
* Click Find Ligands — do you find a hit?

* Use real-space refinement/Jiggle fit to optimize
ligand fit and then merge molecules

* Edit -> merge molecules

 Tidy up any surrounding residues/solvent
molecules

Find Ligands

Select Ligands: (Search for things like this)
Flexible? [] 5 acedrg-LIG.pdb —

| ]
Select Map:

O 1 /home/ill13029/CCPA_WORKSHOP_2020/Mpro-x10959/DIMPLE/final.mtz FWT PHWT =
© 2 /home/ill13029/CCP4_WORKSHOP_2020/Mpro-x10959/DIMPLE/final.mtz DELFWT PHDELWT | —
‘| [
Select Protein: (Masks the Map):
® 0 /home/ill13029/CCP4_WORKSHOP_2020/Mpro-x10959/DIMPLE/final.pdb =
O 5 acedrg-LIG.pdb —
| [+]

Mask Waters?
® Treat waters like protein (mask) atoms
(@] Ignore waters for mask
Where to Search?

O Everywhere

®© Right here
Sites Options

r.m.s.d level

3 rmsd

Conformer Options
Number of Conformers to Search: |50
Solution Display Option
O
Fracti

ng 0.9
Fraction for Correlation (0.9
Post-Fit Options
Real Space Refine Solutions? =
1| [+

“IFind Ligands | ¥ Cancel |
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Tutorial — Part 4: Validation

 Measures -> Environment Distances -> Show Residue Environment?
 Are molecular interactions sensible?

* Ligand -> FLEV this residue -> Show Env. Residues

* Ligand -> Isolated Molprobity dots for this ligand
* Do you see any significant clashes?

 Ligand -> Display Ligand Distortions
 How does the geometry look?

* Ligand -> Quick Ligand Validate
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Tutorial — Part 5

* Dataset Mpro_4 contains DIMPLE files and SMILES strings for 3 ligands

* Using the methods described previously, identify which ligand is bound
to the protein

-I Hs C ] N
N
=~ | H<
| ,_i"' [+ \ [x J
S N 4A 4B 4C

diamond



	Slide 1: Ligand Fitting with CCP4 Cloud & Coot Tutorial
	Slide 2: Tutorial – Introduction
	Slide 3: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 4: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 5: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 6: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 7: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 8: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 9: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 10: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 11: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 12: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 13: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 14: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 15: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 16: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 17: Tutorial – Part 1: Ligand fitting in CCP4 Cloud
	Slide 18: Tutorial – Part 1: Identify binding site
	Slide 19: Tutorial – Part 2: Generating restraints
	Slide 20: Tutorial – Part 3: Fitting ligand
	Slide 21: Tutorial – Part 4: Validation
	Slide 22: Tutorial – Part 5

