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Al-based screening method could boost speed
of new drug discovery

September 22 2022, by Robert Wells

Data Preparation ] Graph Construction Graph Attention Embedding Module Self-Attention Module
[ (/_ i L \\ ( ™ i E = R /Attentinn Weights E
@ 8 A O NECARE? EEE ® i
-_ ( a8 1ALl 4y g S SE) | ON _NE o
2 g B e = | = EOEE 'z
g E l- i ] ] ] %
= S— m Eemm EQ
Concatenated HE E B .c
i e T Vectors HE EEmE—* 3
- g .- by TTHIN e
o ¥ b . € EEEED [ | EmER | | iz
B 5 . - ~ EEEE| | | A 's
g 2 k3 A HEEE T pEEEE .
& . . - HEHHIRCEEETT
L T, I\ LLLLAN L,
e R
% i MLP b ?\
-9 : . ;
. = SE Loss — 2
s Y. - & 3 ® @ M= _ z o
- 5 W . o e— 25
@@ - g 3 ' CELoss —» | 2% "
_?_.::3 . [ = 88 I @;
TT T TT . ’ Darunavjr
. b, E /
In-lab Validation ﬁ Prediction Module * Interpretation Module

Our proposed framework includes five main modules: (1) Preprocessing module
that consists of finding the binding sites of proteins; (2) AttentionSiteDTI deep
learning module, where we construct graph representations of ligands' SMILE
and proteins' binding sites, and we create a graph convolutional neural network
armed with an attention pooling mechanism to extract learnable embeddings
from graphs, as well as a self-attention mechanism to learn relationship between
ligands and proteins' binding sites; (3) Prediction module to predict unknown
interaction in a drug—target pair, which can address both classification and
regression tasks; (4) Interpretation module to provide a deeper understanding of
which binding sites of a target protein are more probable to bind with a given
ligand. (5) In-lab validations, where we compare our computationally predicted
results with experimentally observed (measured) drug—target interactions in the
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laboratory to test and validate the practical potential of our proposed model.
Credit: Briefings in Bioinformatics (2022). DOI: 10.1093/bib/bbac272

Developing life-saving medicines can take billions of dollars and
decades of time, but University of Central Florida researchers are aiming
to speed up this process with a new artificial intelligence-based drug
screening process they've developed.

Using a method that models drug and target protein interactions using
natural language processing techniques, the researchers achieved up to
97% accuracy in identifying promising drug candidates. The results were
published recently in the journal Briefings in Bioinformatics.

The technique represents drug—protein interactions through words for
each protein binding site and uses deep learning to extract the features
that govern the complex interactions between the two.

"With AI becoming more available, this has become something that Al
can tackle," says study co-author Ozlem Garibay, an assistant professor
in UCF's Department of Industrial Engineering and Management
Systems. "You can try out so many variations of proteins and drug
interactions and find out which are more likely to bind or not."

The model they've developed, known as AttentionSiteDTI, is the first to
be interpretable using the language of protein binding sites.

The work is important because it will help drug designers identify
critical protein binding sites along with their functional properties, which

is key to determining if a drug will be effective.

The researchers made the achievement by devising a self-attention
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mechanism that makes the model learn which parts of the protein
interact with the drug compounds, while achieving state-of-the-art
prediction performance.

The mechanism's self-attention ability works by selectively focusing on
the most relevant parts of the protein.

The researchers validated their model using in-lab experiments that
measured binding interactions between compounds and proteins and then
compared the results with the ones their model computationally
predicted. As drugs to treat COVID are still of interest, the experiments
also included testing and validating drug compounds that would bind to a
spike protein of the SARS-CoV2 virus.

Garibay says the high agreement between the lab results and the
computational predictions illustrates the potential of AttentionSiteDTI to
pre-screen potentially effective drug compounds and accelerate the
exploration of new medicines and the repurposing of existing ones.

"This high impact research was only possible due to interdisciplinary
collaboration between materials engineering and AI/ML and Computer
Scientists to address COVID related discovery," says Sudipta Seal, study
co-author and chair of UCF's Department of Materials Science and
Engineering.

Mehdi Yazdani-Jahromi, a doctoral student in UCF's College of
Engineering and Computer Science and the study's lead author, says the
work is introducing a new direction in drug pre-screening.

"This enables researchers to use Al to identify drugs more accurately to
respond quickly to new diseases," Yazdani-Jahromi says. "This method
also allows the researchers to identify the best binding site of a virus's
protein to focus on in drug design."
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"The next step of our research is going to be designing novel drugs using
the power of AL" he says. "This naturally can be the next step to be
prepared for a pandemic."

More information: Mehdi Yazdani-Jahromi et al, AttentionSiteDTTI:
an interpretable graph-based model for drug-target interaction prediction
using NLP sentence-level relation classification, Briefings in
Bioinformatics (2022). DOI: 10.1093/bib/bbac272
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