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EnzBert: Deep attention network

for enzyme class predictions

1. Task

1.1 Functional annotation of

protein sequences
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@ — little experimentally "
annotated proteins

(= 5 x 10° proteins)

1.2 Challenges

@ Sequence information (2.1)
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“¢° Underlying 3D structure (2.1)

@ Few examples per category (2.2)
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3. Results

3.1 Enzyme classification

Comparison with state-of-the art method at level 1
and 2 of the enzyme commission (EC) number on
EC40 dataset

Model Accuracy at level 1 Accuracy at level 2
UDSMProt* 0.87 0.84
EnzBert 0.97 0.95

Macro metrics, comparison with state-of-the-art method at
different levels of the enzyme commission (EC) number on
ECPred40 dataset.

Model Level Macro-precision Macro-recall Macro-fl
ECPred? 0 0.78 0.78 0.77
EnzBert 0 0.80 0.80 0.80
ECPred 1 0.69 0.84 0.73
EnzBert 1 0.62 0.55 0.55
ECPred 2 0.48 0.61 0.51
EnzBert 2 0.57 0.60 0.55
ECPred 3 0.50 0.56 0.50
EnzBert 3 0.53 0.57 0.52
ECPred 4 0.43 0.41 0.40
EnzBert 4 0.49 0.49 0.47

4. Conclusion

» State-of-the-art prediction on enzymes’ classes from sequences only for our

model EnzBert

* New Interpretability method for Transformers that works very well on enzymes

Important experimental cost  _ =0 In silico prediction

2. Methods

2.1 Attention mechanism and Transformer
Attention Is the basis of Transformers, for each / Self-Attention with one head\
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2.2 Two phases training

Attention maps from multiple layers and multiple heads. A
new interpretability method to get residues’ importance

Unsupervised pre-training on all proteins and scores © attention aggregation.

supervised fine-tuning step on enzyme
classification
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3.2 Interpretability
NH(3)-dependent NAD(+)
Benchmark: Evaluated on the identification

of catalytic residues on enzymes with respect syntheta S€ enzZzyme
to different interpretability methods.

Method type PRG-AUC (x100) max F-Gain (%) Time (s)
Random 42.54 £+ 4.37 69.85 + 1.04 —
Grad 75.01 81.27 4.64
Grad X input 63.62 78.66 7.74
Integrated grad 76.41 81.70 2.48 x 107
Attn last layer 87.80 85.62 2.87
Attn aggregation 98.01 96.05 3.72
Rollout 66.08 76.77 2.95
TGLRP 90.92 88.56 4.05 x 10*
TGradCam 81.00 76.77 4.35 x 101
LIME 93.46 91.44 1.73 x 104

Attention-based interpretability performs best

Fig. : Top 5% of residues’ importance score of our interpretability
method are highlighted in red and catalytic sites are represented by
blue spheres.

The two highest scores on attention
aggregation correspond to the two catalytic
residues of the enzyme.

* Prospects: Considering the hierarchy of Enzyme Commission (EC) number may

improve our results
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