Worked Example:

Guiding you to successful
drug discovery

StarDrop Automatic QSAR Model Building and Validation

In this example we will explore the application of StarDrop’s Auto-Modeller to build a QSAR
model of potency against the Muscarinic Acetylcholine M5 receptor, based on a set of public

domain K; data obtained from the ChEMBL database (https://www.ebi.ac.uk/chembl/). The

resulting model will be applied to an additional set of compounds to predict their properties

and visualise the structure activity relationship.

Step-by-step instructions for all the features you will need to use in StarDrop are provided,
along with screenshots and examples of the output you are likely to generate. If you have

any questions, please feel free to contact stardrop-support@optibrium.com.

Exercise

*  Start StarDrop from the Start menu
*  Open the file Muscarinic_acetylcholine_receptor_M5_Ki.csv from the File->Open

menu option. This is a comma-separated value file, such as can be saved from Excel.
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The Import text file dialogue shows that the CSV file contains three columns: the first
contains compound structures, the second, compound identifiers and the third,

experimental data for the potency (Ki) against the Muscarinic Acetylcholine Receptor M5.

* Select the header of the column labelled Ki (uM) and on the right specify the units of
this data to be uM from the Units drop-down menu. Also, assign an uncertainty of a
factor of two to the data by choosing the option Use default value for all data,

setting the Value to 2 and choosing Factor from the Type drop-down menu.

r ~
% Import text file: CAU Drop Examp arinic _xeayicmnm_recepur_ms__ [
W Structure D WK M) [-] SRinte
1 [Moleule  ~ [Ten ~ [Number = ﬂ‘ T
o, K —
2 A CHEMBLITISS 4198 e
‘?‘" - ) Keep original value
o ~

3 OF gy, CHEMBLITS05: ©) Use column: <None> v

o Notay®¥¥Ed column wil be removed
4 7( :[ CHEMBL227429 3311

o 1@ Use default value for all data
5 ’-E‘p“ vt CHEMBL177040 1099 Default for missing data:
. Value: 2

6 ) CHEMBL177322 2

o] Type: Factar -
7 CHEMBL195 00009174
8 4 CHEMBLL77041 0.03698
9 ., CHEMBL172729 7499

&
A

10 Ory CHEMBL1G401 309

ho -

Show this dialogue next time Save settings oK Cancel

*  Click OK to complete the import and a new data set will be created in StarDrop
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These data are K; values in uM. However, to build a good model the data should be
converted to logged units. Logged units provide a more even distribution of values to model
and a better correlation with the compound descriptors used to build the model. Therefore,

we will use the Mathematical Function tool in StarDrop to generate pK; values.
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* Change to the Auto-Modeller tab on the left and click on the button to begin a

new modelling session
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This will open the Auto-Modeller wizard.

The first page enables you to choose the type of model
to build: continuous (i.e. numerical) or category (i.e.
classification). You can also choose whether to allow
StarDrop’s Auto-Modeller to split the data into
Training, Validation and Test sets automatically or to
provide these separate sets yourself. Finally, you can
confirm the data set to model and the columns
containing the property values to model, the
compound structures and compound identifiers. In this
case, we will use the default settings, but we need to

select the correct column to model.
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*  Choose the pKi column from the Value Column drop-down menu and click Next

The next page enables you to configure the parameters
for the automatic selection of Training, Validation and
Test sets. In this case we will use the default set split

parameters.

e Click Next

The next page enables you to select the descriptors to
use. The built-in library of whole molecule and 2D
descriptors will be used by default. More details are
available by clicking the Select button and new
descriptors can be imported as SMARTS. Also,
additional columns in the data set can be used as
descriptors. Finally, the parameters for selection of
descriptors can be defined. Again, we will use the

default settings.
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The model with the best result on the Validation set will be highlighted in red. Please note

that the specific results you see may be slightly different to the examples shown here due to

a random element in the assignment of compounds to the Training, Validation and Test sets.
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and compared the performance of these for the Validation set to identify the most
predictive model. This best model is then further validated using the external Test set. A

robust model should have good performance on both the Validation and Test sets.
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If you are happy with the results for a model, you can save it so that you can apply it to new

compounds to predict the potency and visualise the structure-activity relationship.
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Note: The resulting file can be shared with any other StarDrop user who can load and use

the model in their copy of StarDrop.

*  Switch to the Models tab and you will see that the model has appeared under the
corresponding directory name, ready to run on new compounds.
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To illustrate the application of this model to new compounds, we’re going to load another

data set containing an additional 10 compounds.

*  Choose the File->Open menu option again and load the file

Muscarinic_acetylcholine_receptor_M5_Ki_new_compounds.csv
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* Import this new data using the procedure described previously

* Inthe Models tab, select the new model we have built along with any other models

you would like to run by ticking the boxes next to the models and click the

button.
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The new model can be used in the same way as any other model in StarDrop. For example,
selecting the column header will display the Glowing Molecule visualisation for each
compound, showing the structure-activity relationship captured by the model we have built.

. StarDrop
File Edit View DataSet Tools Custom Help

g
Models | Scoring | Design | visuslsaton | Paso | terchid [[4{F

M Structure D WG (uM) 1 Muscarinic_Ach_M5_pKi BlogS logS @ pH7.4

Available Models 1
4[] StarDrop

¥ W jogs
llogs @ pH7 4

CHEMBL353500 0.05794 6318 1111 0324

B logP 2
H iogD

B 209 pki

B hERG pIC50

CHEMBL352808 28497 467 0.8481 0.8481

1/ BBB log([brain)[blood]) 3
M| BEB category
| HIA category
W P-gp category
| 206 affinity category 4
5/ PPBY0 categery
) M

B HeD

W HBa

W TPsA

B Flexibility

B Rotatable Bonds.

CHEMBL352723 309 3762 2134 2016

e rl

CHEMBL343182 10.99 5507 5.202 277

CHEMBL339719 0.001187 6916 1767 1767

e s Y ¥4

4 gacy medels 3 CHEMBL338801 0003019 2028 121 121
» Derek Nexus =
b Temporary =
a Custem R
“ [ Stabrop Bample 7 CHEMBL283320 1862 am 3085 2312 D
3 | Muscarinic_Ach_M5_pKi :
3 CHEMBL275104 05105 5774 4988 2879
9 CHEMBL105593 204.2 3674 1763 0.6673
« in 3
.
[%. " mMuscannic_acetyichoine receptor Ms ki | 4. Muscarie _receptor_M5_Ki_new_compounds |
Ready Serverstatus: () @  Rows10 (0) Columns 22 (0) Selected 0

Choosing the Design tab and selecting a row in the data set will enable you to explore

optimisation strategies, guided by the Glowing Molecule.
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This has been a quick example of the application of StarDrop’s Auto-Modeller. There are, of
course, additional features enabling expert modellers to control the detailed parameters of
the model building process and explore the detailed results for each model. For more
information or to arrange a comprehensive demo, please contact stardrop-

support@optibrium.com.
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