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E PORTUG

WP3 OBJECTIVES

1. To design new sweeteners using computational approaches
Task 3.1 Computational identification of new sweeteners
Task 3.2 Generative models for new compounds
2. To synthesize the new structures using organic synthesis techniques
Task 3.3 Synthesis of the new structures using organic synthesis techniques
3. To assess the functional potency and possible side effects/toxicity of the new compounds
Task 3.4 Potency assay of the new compounds

Task 3.5 Side effect assay of the new compounds

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 814408
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PIPELINE ARCHITECTURE

* The developed machine learning pipeline is divided into
multiple parts:

- The database;

- Compound featurization, feature selection and
hyperparameter optimization;

- ML/DL models (Random Forest, Support Vector
Machine and Deep Neural Network);

- Virtual screening and ranking of new molecules.
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 Data set 1: 2.294 compounds (1.224 Sweet / 1.070 Non-sweet)
e Data set 2: 23.103 compounds (1.231 Sweet / 21.872 Non-sweet)
Data set 1 + Compounds from FoodDB

e Sources of information:
- Belitz et al. (Food Taste Chemistry, ACS Symposium Series Vol. 115, 1979, pp 93-131)
- foodDB (http://foodb.ca/)
- FlavorDB (https.//iiitd.ac.in/FlavorDB)
- Tuwani et al. (Scientific Reports, 9, 7155 (2019))
- other

- This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement 814408
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CoOMPOUND FEATURIZATION

+ How to efficiently represent the compounds so that the models can better learn and generalize the
properties/substructures shared among the molecules?
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LogP: 3.405
HBD: 1
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RESULTS

* In general, RFs showed better performances than SVMs or even DNNSs.

- RFs with layered FPS (2.048 feat.) with no feature selection:

CV (k=5) accuracy using Best values #1: 0.84 (+/- 0.01)

Confusion Matrix

0 1
1 — Sweet
0 80 14
0 — Non-Sweet
1 11 89
precision recall f1 score support
0 0.88 0.85 0.86 94
1 0.86 0.89 0.88 100

GridSearchCV (nfolds = 5)

Parameters Values Best Best values
values #1 #2
max_depth 10, 50, 80, 50 80
None
max_features auto, sqrt auto auto
min_samples_ 258 11 8 1
split T
bootstrap True, False True False
criterion gini, entropy gini entropy
. range(100,
n_estimators 1000, 100) 400 300
Accuracies
0.854 0.854
(+/- 0.009) (+/- 0.01)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 814408
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* Because the dataset is highly imbalanced, different strategies were applied: SMOTE, class_weight,
different levels of imbalance (1:1, 2:1, 3:1) and different thresholds.

* The results seemed a lot better, but... Confusion Matrix
' _ 0 1
RF with class_weights = {0: 1, 1: 10} :
0 2148 54
Training accuracy: 0.90 (+/- 0.01) 1 62 o4
Test accuracy: 0.90
precision recall f1 score support
0 0.97 0.98 0.97 2202
1 0.54 0.51 0.51 126

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 814408
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e The results seemed a lot better, but...

SVM with SMOTEENN (over and under sampling):

Confusion Matrix

Training accuracy: 0.99 (+/- 0.01) ° 1
Test accuracy: 0.87 ° 1912 290
1 12 114
precision recall f1 score support

0 0.99 0.87 0.93 2202

1 0.28 0.90 0.43 126

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 814408
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RESULTS
* Screen 25.000 compounds from PubChem:

- 195 from the 25.000 molecules were predicted as sweeteners by the three models.

- These molecules were ranked by the sum of the probabilities associated with the
prediction of each model for each molecule.

- Between these molecules we can found known sweeteners that are not present in our
dataset. Molecules like Sinistrin - a naturally occurring sugar polymer or polysaccharide,
also known as polyfructosane. It belongs to the fructan group. Sinistrin acts as an energy
storage molecule in plants.

C(C1C(C(C(C(01)0C2(C(C(C(02)COC3(C(C(C(03)C0)0)0)C0)0)0)COCA(C(C(C(04)C0O)0)0)COC5(C(C(C(05)C0)0)0)CO)0)0)0)0

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 814408
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MobDEL 1 - GENERATIVE AUTOENCODER

This model can be divided in three different parts:
- smilesZlatent model: transforms the one hot encoded SMILES representation into a latent state vector

representations (encoder);
- latentZstates model: decodes the latent space vector representations into the h and c states that are

used to decode these latent representations back to SMILES strings;
- sample model: predicts the SMILES strings based on the latent space vector representations and states

character by character.

O._.OH
Ho™" “"OH il
il

C(C1C(C(C(C(01)0)0)0)0)0

RANDOM LATENT VECTORS
RANDOMNESS INTO EXISTING LATENT VECTORS
COMBINE LATENT VECTORS FROM DIFFERENT MOLECULES

SAMPLE LATENT
SPACE

C(CIC(C(C(C(01)0)0)0)0)0

SMILES output

LATENT SPACE

SMILES input

ENCODER CCONTINUOUS MOLECULAR
REPRESENTATION DECODER

€ J

-
SMILES2LATENT MODEL
8 J
r
LATENT2STATES MODEL

SAMPLE MODEL
¢ !

o
LATENT2SMILES FUNCTION
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ResuLts - MoDEL 1

e Dataset used for training: PubChem. FL Fragrance-like subset of PubChem downloaded from
http://gdb.unibe.ch/downloads/ containing 568.200 molecules (426.150 train and 142.050 test).

* To generate new molecules using Model 1, we used 3 approaches:

- Decode random latent vectors (5.000 SMILES):
- 95.2% wrongly formatted SMILES
- 88.4% new SMILES
- 11.6% equal SMILES

- Decode existing latent vectors with different degrees of randomness (5.000 SMILES):
- 11.3% wrongly formatted SMILES
- 97.6% new SMILES
- 2.4% equal SMILES

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 814408
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ResuLts - MopEL 1 (CONT.)

* To generate new molecules using Model 1, we used 3 approaches:

- Decode latent vectors that are a mix of different ratios of two different molecules (5.000 SMILES):
- 2.9% wrongly formatted SMILES

- 83.4% new SMILES e Lo By

- 16.6% equal SMILES

o Y ol

- This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement 814408
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MobDEL 2 - REcuUrsivVE NN MODEL WITH MEMORY - LSTM

* This model simply consists of three stacked LSTM layers followed by dropout and a final dense

layer.
D D D D
| L R L R L R E
" S |© S |© S o
OH . P P P N
T fo) T o T o
C(C1C(C(C(C(01)0)0)0)0)0 M U M U M U S C(C1C(C(C(C(01)0)0)0)0)0
T T T E
SMILES input SMILES output

* Dataset used for training: molecules from PubChem similar to the sweet molecules present in our
internal dataset.

- This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement 814408
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ResuLts - MODEL 2

To generate new molecules using Model 2, we used different sampling temperatures*:

- Temperature = 0.5: I YA S S G N v
- ~22% wrongly formatted SMILES :
- ~94% new SMILES
- ~6% equal SMILES : | dj

- Temperature = 0.75:
- % of wrongly formatted SMILES increase

- % new SMILES increases @AJ\CL m Img\)t

- % of equal SMILES decreases

*Higher sampling temperatures lead to greater structural diversity of the generated molecular structures, but at the
same time decrease the fraction of chemically valid SMILES, while lower temperatures lead to lower structural diversity
but more conservative predictions.

- This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement 814408
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CANDIDATE MOLECULES

Compounds are generated with the previous generative models

Compounds predicted as sweeteners by the three discriminative
models are selected

¥

Compounds predicted non-toxic in 5 QSAR models
(mutagenicity, carcinogenicity, developmental toxicity, skin sensitization)
are selected as potential sweeteners
(Vega software - https.//www.vegahub.eu)

- This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement 814408
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