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1.0 About this exercise

In this exercise we will make use of a data analytics software known as KNIME to perform a
‘Reaction Enumeration’. We will virtually create a collection of compounds - amides in this case -
by reacting primary amines and carboxylic acids from a commercial catalogue. With this collection
in place, we will analyse the results, filter them to remove molecules with unwanted features and
then de-risk them using the ChEMBL database to check if there are any known compounds like
the ones we generated in the exercise.

Installing KNIME (Konstanz Information Miner): www.knime.com/downloads

Create a new folder in your “Documents” called “knime-workspace”.
Ensure you download the following into this folder:

* A KNIME workflow (.knwf) file, “WCAIR_O1_Reaction_Enumeration.knwf”

* An SDF file, “sigma-aldrich-zinc.sdf” that contains a prepared version of the Sigma-Aldrich
commercial building blocks catalogue obtained from the ZINC database

1.1 KNIME Interface

The software has its screen divided in panes (Figure 1).

Menus and toolbars
| Main pane
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o [ fem Nesr e

@ e 1 SN Ayt Pt 0 [ o = &

KNIME Sedech IHME Hub or woriows, Rodes d more WCAIR 01 Reaction Erumera...  #

KNIME explorer 4
— — Welcome back

v )
) Getthe latest features and enhancements! Update now 10 4.6

[ — Description
e pane

Just KNIME it! Weekly Challenge m::uncvmnywmum

Finding the Needle in the Haystack or
Protein Identification in Mass Spectra
with KNIME

T 4 o B i i

Console
Figure 1 KNIME interface
The KNIME explorer is where the workflow files will appear when imported. The workflow itself will appear
on the Main pane. The Description pane will show the description of the tasks being executed and the
console will output any error and warning messages that may appear.
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2.0 Download and set-up KNIME

Download KNIME at www.knime.com/downloads

Select the “KNIME Analytics Platform” and use the “self-extracting archive” option if you don’t have
administrator privileges on your machine. This option only copies the necessary files onto your
computer without changing configurations in your system.

Note: If you're using the self-extracting setup, you must run KNIME manually by finding “knime.exe”
in the folder in which you installed the software.

2.1 For self-extracting or zip setup only (important):

When you run KNIME for the first time, the software will configure itself to save all workflows from
a folder in which you may not have full control, meaning that KNIME may fail if you need to save or
write temporary files. As a workaround, we will change KNIME'’s standard saving point to one in
which there will be no error messages.

With KNIME open, click on “File” > “Switch Workspace” > “Other...” (Figure 2).

KNIME Analytics Platform
|Eile | Edit View Node Help
™ New. Ctrl+N
Save Ctrl+S
Save As...
Save All Ctrl+Shift+S :1[ @ Open for Innovation

Close All Editors Ctrl+Shift+W KN I M E

Recent Workflows »

= @ Welcome to KNIME Analytics Platform X

Print... Ctrl+P
Import KNIME Workflow...

Export KNIME Workflow...

Export > (9 Get the latest features and.
Import from MyExperiment
Export to MyExperiment

b -
Preferences _

&7 Export Preferences...

Welcome back

b b bo

Figure 2 KNIME menu and workspace switching

A dialog box will open (Figure 3).
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KNIME Analytics Platform Launcher X

Select a directory as workspace
KNIME Analytics Platform uses the workspace directory to store its preferences and development artifacts.

Workspace: | VI ’ Browse...

v Recent Workspaces
Documents\knime-workspace

CGraebin001\knime-workspace

+ Copy Settings
[ Werkbench Layout
[] Working Sets
[C] Preferences

Launch . Cancel

Figure 3 KNIME Analytics Platform Launcher. Use “Browse” to locate your workspace.

2.2 To choose a new workspace folder

On the "Select a directory as workspace" dialog box
(Figure 3), click "Browse > Locate “knime-workspces”
folder > “Select Folder”.

On the KNIME Analytics Platform Launcher window, make
sure to check all the options in the “Copy Settings” before
pressing “Launch”. After some moments, the data will be
copied to the new location and KNIME will ask you to restart
the software for the changes to take effect. If you check or
have checked before the "don't ask me again” option that
appears, KNIME will restart automatically from now on.
Accept the restart and wait for KNIME to launch again.

Now we are ready to continue to configure KNIME.
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2.3 Opening the Workflow

Click on “File”
> “Import KNIME Workflow...”
(Figure 4)".

A dialog box will open.

KNIME Analytics Platform
File Edit View Node Help
New... Ctrl+N
Save Ctrl+S

3 |

Save As...
Save All
Close All Editors

Ctrl+Shift+5
Ctrl+Shift+W

Recent Workflows >
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Figure 4 KNIME file menu.

W= @ Welcome to KNIME Analytics Platform

| B

Open for Innovation

KNIME

Print...

£ Export KNIME Workflow...

£ Export >
Import from MyExperiment
Export to MyExperiment
Centainerization >

Switch Workspace >

Preferences
£ Export Preferences...

[ Imports KNIME workflows from a directory or an archive into the workspace '
YYTIU

(9 Get the latest features an

Mo m

In “Source:”, click “Select File”, then press the “Browse” button to choose the workflow file
WCAIR_01_Reaction_Enumeration.knwf (Figure 5).

Make sure that the workflow is selected in the “Import Elements” list by pressing the “Select All” button

of the right.

Press “Finish” to import the workflow.

Import

Workflow Import Selection
Select the elements to import.

"

Source:
© Select file: Browse...
(O Select root directory: Browse...
Select folder: | LOCAL/ Browse...
Import Elements:
Select All
Deselect All
< Back Next > Finish Cancel

Figure 5 Import window for KNIME
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A new file will appear on the KNIME Explorer tab.
File Edt Yiew Node Help
. P MW
If the workflow does not open by itself, L
double click on “WCAIR_01_Reaction_Enumeration” 4 KNIME Explorer £3 Sim
to open the workflow (Figure 6). BB el sl v B
» [ Example Workflows A
Figure 6 KNIME explorer pane showing the imported workflow.
A WCAIR_01_Reaction_Enumeration
v
Y Waddlaw Canrh 2 = m

If this is the first time you have used KNIME, KNIME will ask you to install required extensions (Figure 7).

BN 7T B
ow = e 1 towrea un--u-
s e Comm v
. N - — ~ P
. - --o---"‘__“ e ° .
u S
- - “'H“ |

Workflow requires missing node extensions

smple A Errors during load due to missing node extensions (SOF Reader, RDKit Salt Stripper,
/4 =% RDKit Cancn SMILES, RDKit Functional Group Filter, RDKit From Molecule, SDF Writer,
it started ROKit Substructure Filter, Configurable IF/CASE Switch (Flow Variable Value), uided onbc
Configurable End IF/CASE, RDKit Two Component Reaction, RDKit Diversity Picker,
m from a pf RDKit Molecule Catalog Filter, RDKit Descriptor Calculation, RDKit Molecule to SVG, gn up for intro ¢

Molecule Type Cast). Do you want to search and install the required extensions? B quickly as pos

)

[ Cancel IW

Figure 7 Error message indicating missing nodes that need to be installed to open the workspace.

Click “Yes”.

In the new dialogue box, click “Next”.
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Ensure that “l accept the terms of the license agreements” is selected prior to clicking “Finish”.
The necessary nodes have now been installed.

After installing the nodes, KNIME will ask to be restarted. Accept the restart and open the
workflow again.
When you load the workflow for the first time, a Warning message may appear indicated that the

workflow has been loaded with warnings (Figure 8). This can be ignored. If this message appears
just press OK and keep on.

Workflow Load O X

4 Warnings during load
Reason:
WCAIR_01_Reaction_Enumeration 3 loaded with warnings

OK Details >>

Figure 8 Warnings during load message box. This message may not appear when loading the workflow.

2.4 Adjusting renderer preferences

To view the chemical structures, we need to set
the proper renderer for KNIME.

Click “File” > “Preferences”
A dialog box will open (Figure 9).

On the left pane, expand KNIME and look for
“Preferred Renderers”.
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Preferences B X
type filter text Preferred Renderers P~ v §
v KNIME . = Chemistry ~

» Chemistry
» Community Scripting oa ’
Conda ChemDraw XML . Sy
Customization Profile )
Databases Inchi
» Erdwood Marvin [—
Image Processing Plu
IChem Mol2 e
JavaScript Views .
Molfile iy ——
KNIME Explorer
» KNIME GUI Rxn ey - —
Kerberos SDF RDKit 2D depicti
» Marvin -
Master Key Smarts RDKit 2D depiction v
Meta info Preference: . = s
Nebirke Smiles RDKit 2D depiction v
1 CTab String
Preferred Renderers
J HELM String
» Python (legacy) Phar string
R
, RDKit Nodes v ; RDF -
< > = :
Apply and Close Cancel

Figure 9 Knime Preferences dialog box with the ‘Preferred Renderers’ pane open.

Make sure that the renderer for “SDF”, “SMARTS” and “SMILES”
are the “RDKit 2D depiction™

* RDKit was from one of the extensions you installed in the last
step and this will tell KNIME to use the RDKit to recognize and
render (i.e.: draw) the SDF, SMILES and SMARTS fields as
chemical structures.

Press “Apply and Close” when done.
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3.0 Nodes
With the workflow open, KNIME interface will show the file as a graphical workflow (Figure 10).
St oed [on | mh-eppasnaaoobo0Ee L ERECOC(F q
& KHIME Explorer X = O @ Weicome e KNIME Aratyrcs Piatiorm A W WCASRO1 Reaction Enumeration X = O | &y Description X A& KHIME Hub =9
BEB [ B s
- - WCAIR_01_Reaction_Enumera... #
= - %
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Spit Compound ‘Which ones to buy
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Figure 10 KNIME with the workflow loaded.

Split Compound
) Catalogue
You'll see six squares connected by arrows.
Each square, connected by arrows, is called a “node” (Figure 11). .B:
Nodes indicate a data transformation. KNIME compartmentalises a
the transformation and allows the user to see what is happening Figure 11 A KNIME node.

after each node execution.

An arrow to the left of the node is the “input port”, i.e: the data table that will be transformed by
the node. One or more arrows to the right are the “output ports”, or the data tables that are the
result of the transformation done by the node.

The traffic lights at the bottom of each node denotes the node state.

* Ared light means that the node has not been executed yet or is not ready to be run
(requiring configuration)

° A light means that the node is configured and ready to be executed

* Agreen light means that the node was successfully executed.

You will notice that all the six nodes are marked as red because they are not ready to be executed.
You need to configure the nodes so they can be properly executed.
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3.1 Processing the molecule catalogue file

Begin with ‘Choose SDF to open’ node. Double click it to open its configuration dialog (Figure 12).

Use the “Browse” button to look for the “sigma-aldrich-zinc.sdf” file provided with this exercise.
Click “OK” to close this dialog box.

Dialog - 3:23 - Choose SOF to open - O X
File
f

| Options Flow Variables Memory Polcy  Job Manager Selection

Choose SOF file to open

[llam_mgm_pemmm-m.ﬁf v Browse... \

Figure 12 First node configuration dialog box.

Right-click the first node and choose the option “Execute” (Figure 13). Wait for the node execution
to be complete (the traffic light below the node will turn green).

Split C g
IChoose SDF to open Catalogue Rt
. @v Configure...

it hift+F1 i

= Exeottma Do, Execute the selected node(s) i e

) Cancel F9

FfH  Reset F&

= Edit Node Description... Alt+F2

=0 New Workflow Annotation

Figure 13 Node context menu highlighting the 'Execute’ option.
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3.1 Processing the molecule catalogue file
_ ] Choose SDF to open
If the node now has a green light (Figure 14),

this means that it was executed properly. | }

Right click the node and choose the last option, -

named “Molecule catalog” (Figure 15). Figure 14 Green light indicates the node executed properly

SPIT LOMpOUNa
Choose SDF to open Catalogue
| N
Configure... F6 [
—E:. Execute F7 ,
B Execute and Open Views Shift+F10
€) Cancel Foft
Reset F8
= Edit Node Description... Alt+<F2
=0 New Workflow Annotation
Connect selected nodes Ctrl+L
Disconnect selected nodes Ctrl+Shift+L
Create Metancde...
Create Component...
Component >

Interactive View: Choose SDF to open

Compare Nodes .

Show Flow Variable Ports

of Cut ]
Copy ¢

Paste
<7 Undo
%> Redo
£ Delete

(LR TIT S N S N T = 8

Extend Selection... Opens a view on outport #1 |

Figure 15 Node context menu highlighting the ‘Molecule catalog' option.
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A table will now appear. Study the table and look to see what has been included.
How many rows and columns does this table have?

Click “X” to close the window.

3.2 Split Compound Catalogue

The first table showed several chemical structures and their catalogue code. The aim of this exercise
is to make amide couplings with these reagents. Will all these reagents react in an amide coupling?
Probably not!

The second node, “Split Compound Catalogue”, will extract all the primary amines and carboxylic
acids from the catalogue and give them as two separate outputs.

Right click over the node and click on “Execute”.

After the execution, explore the two output tables (right-click, click on the last two options:
“Amines”, and then “Carboxylic acids”).
How many compounds of each functional group are present in the catalogue?

3.3 Perform reactions

The next node “React” will perform the reaction between the amines and carboxylic acids from
the node “Split Compound Catalogue”. It has two input ports - one for each compound table.

Double click the third node to configure its execution (Figure 16).

Dialog - 3:1 - React (Performs the reaction) — | X
File

Use the Diversity Picker (recommended)
]

How many molecules to react?

B 200

10 1000

Enter reaction SMARTS

[#7;'H0: 1)-[*:2). [#6;a:3]-[#£17,235,253] >>[#6;a:3]-[#7;'H0: 1,

oK Apply Cancel ©)

Figure 16 Configuration window for the React node.

Itis strongly recommended to use the Diversity Picker. This picker will select a diverse subset
of both catalogue tables. If this is run multiple times, the diversity picker will pick different

compounds each time.
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You can change how many molecules to generate using the “How many molecules to react?” slider.
If you choose not to use the picker, the node will try to react all the carboxylic acids with all the amines,
and this may take a long time to process. Ensure “200” is selected.

The reaction SMARTS is a text strings that describe an amide coupling using the SMARTS chemical
language. This exercise will not cover SMARTS. Further information on this topic can be found here.

Press “OK”, then right-click the node again and choose “Execute”.

After the execution, right-click the node again and inspect the “Products” table (last option on the

drop-down menu).

How many products are there? Does the table contain the reagents used for each coupling?

3.4 Filtering the results

The next step is to filter these products
(unless you're willing to analyse 40,000
compounds) into something more
manageable.

Double click the “Filter” node to open its
configuration dialog box
(Figure 17).

File

Dialog - 3:20 - Filter (Filters the table) - O X

Filter for Lipinski and TPSA > 140

1000

oK Apply Cancel ©)

Figure 17 Node context menu highlighting the '‘Molecule catalog' option.

For this exercise, keep the default options checked (i.e.: “Filter for Lipinski and TPSA > 140",
“Filter for PAINS”, “Filter for BRENK”, “Use diversity filter?”, and set the slider to 200 compounds to pick).

Press “OK”. Right click the node > “Execute”.

Wait for the node to complete its tasks (this may take a few minutes).
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Explore the four outputs (Figure 18)
using your mouse and right clicking
the node.

How many molecules did not pass
the filter criteria?

The tables with BRENK and PAINS
filters also have a detailed explanation
of what made the molecule to be
classified as PAINS or as a compound
presenting undesirable features.

Why were there only 200 “Filtered
compounds”?

B
B
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PE

Configure...

Execute

Execute and Open Views
Cancel

Reset

Edit Node Description...
New Workflow Annotation
Connect selected nodes
Disconnect selected nodes
Create Metanode...

Create Component...
Component

Interactive View: Filter

Compare Nodes
Show Flow Variable Ports

Cut
Copy
Paste
Undo
Redo
Delete

Extend Selection...

1: Ro5 fails
2: PAINS fails
3: BRENK fails

F6
F7
Shift+F10
F9
F8

Alt+F2

Ctri+L
Ctrl+ Shift+L

I Opens a view on outport #1 i >

Figure 18 Context menu for the Filter node.

3.5 How many reagents shall | purchase?

Now that you have the filtered list of products, what are the reagents that are needed to be acquired?
Maybe one or more of them are being used twice and it would be good to avoid double purchases.

To check this, use the “Which ones to buy” node. Right click on it > “Execute”.

After the execution, the node symbol will change to a green checkmark. Right click on it again and
choose the last option “Connected to: Filtered/Labelled Data” to see the suggested reagents for

procurement.
How many reagents are there?
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3.6 What if my compounds were already synthesized and tested?

KNIME has many good features. One of them is that you can utilise external data services, make
queries, and fetch the results. We will do this by making use of the freely available chemical database
ChEMBL (from the European Molecular Bioinformatics Laboratory) similarity search service.

Double click on the “ChEMBL Similarity Structure Search” node to show its configuration dialog box
(Figure 19).

Dialog - 3:25 - ChEMBL Similarity Structure Search (Searchesthe C... — a X
File
Similarity Index
. 70
0 100

Select product column

Product v

0K Apply Cancel @

Figure 19 ChEMBL similarity search configuration window

The similarity index tells ChEMBL how similar the molecule the user is looking for must be from the
presented results. Normally 95% or greater similarity returns only the chosen molecule (if it exists),
and if you want to see close analogues a value between 60-70% will do the trick (although it will
also increase the processing time in the requests).

Choose 60 for this exercise.

This node requires a working internet connection to execute this node.
Press “OK” to close the dialog box.

Right click > ‘Execute and Open Views.

This is also one of the great features of KNIME. It allows the user to create interactive views, in which
the data can be manipulated and transformed in real time. We will make use of this in this view.
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After processing, a new window (Figure 20) with a table will appear on the screen (if there are
any results to report, of course).

Depending on how the diversity filter was set up, the compounds you will get might not be the
same as the ones in the Figure below.

] ChEMEL Similarity Structure Search S [m] X

Similarity search results %
as found on ChEMBL database

Similar compound in
Similar molecule ChEMBL

Figure 20 “Similarity search results” interactive view.

The interactive view will show you the product you searched, the similar molecules that were found
on the ChEMBL database (one per row), and its ChEMBL ID number.

If you click this CHEMBL identifier on the right column, a new window will open redirecting you
to the ChEMBL website (see Figure 21) with all the details for this molecule.

There may be cases in which the “Product searched” will be repeated, because more than one
similar product was found in the database.
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EBI > Databases > Chemical Biology > ChEMBL Database > CHEMBL1345615

Compound Report Card |

Name And Classificabon
Representations
Sources

ifi. 1 Alternative Forms
Name And Classification B S

Target Predictions

ID: CHEMBL1345615
Name: Undefined
Maxphase: (IO
Molecular Formula: C15H14B:CIN203
Molecular Weight: 385,65
Molecule Type: Small molecule

UniChem Cross References
UniChem Connectivity Layer

Cross References

Figure 21 ChEMBL compound report card window.

How many similar products have you found in the database search?

4.0 And now...

As we finally approach the end of this exercise, you now
have given your first steps on how to use KNIME and its
chemistry-related features. You were able to explore a
catalogue of chemical products, extract from them two
tables containing two different families of organic
compounds, perform a reaction using them and analyse
the results, including searching for them in an open-access
chemical compound database. And this is just the tip of
the iceberg! KNIME can do a lot more for chemistry and life
sciences-based applications. You can read more on the
KNIME website.
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5.0 Answers for in-text questions

5.1 Processing the molecule catalogue file

How many rows and columns does this table have?
28355 rows and 2 columns.

5.2 Split Compound Catalogue

How many compounds of each functional group are present in the catalogue?
4366 amines and 2819 carboxylic acids.

5.3 Perform reactions

How many products are there? Does the table contain the reagents used for each coupling?
40,000 if the diversity picker was set to 200.

5.4 Filtering the results

How many molecules did not pass the filter criteria?

In our test runs, 3,470 molecules failed the Rule-of-five filter, 713 failed the PAINS filter, and 16,685
failed the BRENK filter.

Why were there only 200 “Filtered compounds”?
This was the number of compounds to pick in the filter node (see Figure 17).

5.5 How many reagents shall | purchase?

How many reagents are there?

This depends largely on how many compounds will be filtered off from the results (see last question).
In our test runs, there were 290-310 compounds on the table. This number may vary if more
compounds are chosen in the Filter node (again, see last question).

5.6 What if my compounds were already synthesized and tested?

How many similar products have you found in the database search?

This may also vary, since it depends on how many compounds were picked in the Filter node and
the similarity search value. In our test runs these numbers were varying from 30 - 60 when using
a60% as similarity value cut-off.

TRAINING | page 20



Wellcome Centre for Anti-Infectives Research
School of Life Sciences

University of Dundee

Dow Street

Dundee DD1 5EH

WCAIR@dundee.ac.uk
& www.weair.dundee.ac.uk
0 @WCAIRDundee

University wellcome
of Dundee ! anti-infectives
research




