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Table S1. List of all descriptors in the ligand physicochemical property-based feature vector.
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Figure S2. Training and validation loss curves for T-ALPHA corresponding to testing on the
CASF 2016 test set. Loss is calculated using the custom loss function and plotted as a function of
epoch number.
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Figure S3. Training and validation loss curves for T-ALPHA corresponding to testing on the LP-
PDBbind test set. Loss is calculated using the custom loss function and plotted as a function of
epoch number.
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Figure S4. Training and validation loss curves for T-ALPHA corresponding to testing on the

BDB2020+ test set, as well as protein-specific test sets for SARS-CoV-2 main protease (Mpro)

and epidermal growth factor receptor (EGFR). Loss is calculated using the custom loss function
and plotted as a function of epoch number.
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Figure S5. Weighting function for uncertainty-aware training. The figure shows the
transformation applied to normalized uncertainty values to calculate weights for the loss function

during parameter optimization. The function is defined as w; = 1 — m , Where g; is the
e vt

normalized uncertainty. The transformation maps normalized uncertainty values to weights in the
range (0, 1), smoothly decreasing the weight as uncertainty increases.
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Figure S6. Predicted versus true binding affinities for T-ALPHA on the CASF 2016 test set using
crystal structures of protein-ligand complexes. Performance metrics include Root Mean Square
Error (RMSE), Mean Absolute Error (MAE), coefficient of determination (r2), Pearson correlation
coefficient (r), and Spearman rank correlation coefficient (p).
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Figure S7. Predicted versus true binding affinities for T-ALPHAT on the CASF 2016 test set using
Chail-generated protein-ligand complex structures. Performance metrics include Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), coefficient of determination (r?), Pearson
correlation coefficient (r), and Spearman rank correlation coefficient (p).
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Figure S8. Absolute error of predicted binding affinities on the CASF 2016 test set using Chail-
generated protein-ligand complex structures as a function of the prediction confidence of Chai-1.
Relevant metrics include Pearson correlation coefficient (r) and Spearman rank correlation
coefficient (p).
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Table S9. Performance of T-ALPHA and models reported in the literature on the LP-PDBbind
test set.

Model RMSE MAE r? Pearson r Spearman p
T-ALPHA 1.498 1.183 0.258 0.549 0.533
AutoDock Vina 1.88 N/R N/R N/R N/R
IGN 1.58 N/R N/R N/R N/R
RF-Score 1.54 N/R N/R N/R N/R
DeepDTA 1.68 N/R N/R N/R N/R

8The table reports Root Mean Square Error (RMSE), Mean Absolute Error (MAE), coefficient of
determination (r?), Pearson correlation coefficient (r), and Spearman rank correlation coefficient
(p) for each model.

b The best value for each metric is shown in bold.

¢ N/R indicates not reported in the literature.

d Error metrics (RMSE and MAE) are reported in units of pKi/ pKq.
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Figure S10. Predicted versus true binding affinities for T-ALPHA on the LP-PDBbind test set.
Performance metrics include Root Mean Square Error (RMSE), Mean Absolute Error (MAE),
coefficient of determination (r2), Pearson correlation coefficient (r), and Spearman rank correlation
coefficient (p).
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Figure S11. Predicted versus true binding affinities for T-ALPHA on the BDB2020+ test set.
Performance metrics include Root Mean Square Error (RMSE), Mean Absolute Error (MAE),
coefficient of determination (r2), Pearson correlation coefficient (r), and Spearman rank correlation
coefficient (p).
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Figure S12. Predicted versus true binding affinities for T-ALPHAT on the Chail-generated
protein-ligand complex structures of the BDB2020+ test set. Performance metrics include Root
Mean Square Error (RMSE), Mean Absolute Error (MAE), coefficient of determination (r?),
Pearson correlation coefficient (r), and Spearman rank correlation coefficient (p).
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Figure S13. Predicted versus true binding affinities for T-ALPHA on the Mpro test set.
Performance metrics include Root Mean Square Error (RMSE), Mean Absolute Error (MAE),
coefficient of determination (r2), Pearson correlation coefficient (r), and Spearman rank correlation
coefficient (p).
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Figure S14. Predicted versus true binding affinities for T-ALPHAT on the Chail-generated
protein-ligand complex structures of the Mpro test set. Performance metrics include Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), coefficient of determination (r?), Pearson
correlation coefficient (r), and Spearman rank correlation coefficient (p).

S-14



RMSE: 0.694 s~
9.0+ MAE: 0.572 el
r’: 0.403 o~
Pearson r: 0.702 s
" 8.5 Spearman p: 0.791 i
:
= 8.0-
>
O L7
_F_-,J 7.5 1 #’,’
= g
T L~
E 7.0 7] ’f’
o ’,'
6.5
6.0 -

60 65 7.0 7.5 8.0 8.5 9.0

True Values
Figure S15. Predicted versus true binding affinities for T-ALPHA on the EGFR test set.
Performance metrics include Root Mean Square Error (RMSE), Mean Absolute Error (MAE),

coefficient of determination (r2), Pearson correlation coefficient (r), and Spearman rank correlation
coefficient (p).

S-15



RMSE: 0.842 ol
9.0+ MAE: 0.670 el
r’: 0.093 o~
Pearson r: 0.593 s
" 8.5 Spearman p: 0.665 i
-
= 8.0
>
e ,f"
E ?.5 T "‘J,
L e
T L~
E 7.0 7] ’f’
(a ’,’
6.5 -
6.0 -~

60 65 7.0 7.5 8.0 8.5 9.0
True Values

Figure S16. Predicted versus true binding affinities for T-ALPHAT on the Chail-generated
protein-ligand complex structures of the EGFR test set. Performance metrics include Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), coefficient of determination (r2), Pearson
correlation coefficient (r), and Spearman rank correlation coefficient (p).
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Table S17. Improvements in Spearman rank correlation coefficient (p) for Mpro using the
proposed self-learning method. Performance metrics are shown for comparing the baseline, new
model, and fine-tuned model for SARS-CoV-2 main protease (Mpro). Spearman p improvements
of 9.91% for the new model and 5.43% for the fine-tuned model highlight the effectiveness of the
self-learning method. Results are reported separately for crystal structures (first value) and Chail-
generated structures (values in parentheses).

Model RMSE | MAE | Pearsonr | Spearmanp |% 7 A Spearman p

Baseline 0.650 0.511 0.715 0.737 0.00% (0.00%)
(0.741) | (0.574) (0.668) (0.733)

New Model 1.397 1.259 0.790 0.810 9.91% (9.55%)
(1.468) | (1.324) (0.776) (0.803)

Control (New Model) | 1.374 1.210 0.741 0.737 0.00% (-4.22%)
(1.387) | (1.200) (0.700) (0.702)

Fine Tune 0.615 0.529 0.752 0.777 5.43% (3.96%)
(0.651) | (0.549) (0.718) (0.762)

Control (Fine Tune) 0.915 0.779 0.764 0.735 -0.27% (-0.14%)
(0.923) | (0.776) (0.750) (0.732)

& The table reports Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Pearson
correlation coefficient (r), Spearman rank correlation coefficient (p), and the percentage increase
in Spearman p compared to the baseline (% 1 A Spearman p).

b Error metrics (RMSE and MAE) are reported in units of pKi/ pKg.
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Table S18. Improvements in Spearman rank correlation coefficient (p) for EGFR using the
proposed self-learning method. Performance metrics are shown for comparing the baseline, new
model, and fine-tuned model for epidermal growth factor receptor (EGFR). Spearman p
improvements of 3.41% for the new model and 1.14% for the fine-tuned model highlight the
effectiveness of the self-learning method. Results are reported separately for crystal structures
(first value) and Chail-generated structures (values in parentheses).

Model RMSE | MAE | Pearsonr | Spearmanp |% 7 A Spearman p

Baseline 0.694 0.572 0.702 0.791 0.00% (0.00%)
(0.842) | (0.670) (0.593) (0.665)

New Model 3.132 3.078 0.772 0.818 3.41% (2.11%)
(3.407) | (3.334) (0.685) (0.679)

Control (New Model) | 3.520 3.455 0.663 0.791 0.00% (0.45%)
(3.507) | (3.432) (0.580) (0.668)

Fine Tune 1.033 0.911 0.755 0.800 1.14% (6.62%)
(1.010) | (0.858) (0.665) (0.709)

Control (Fine Tune) 1.172 1.001 0.569 0.773 -2.28% (-12.93%)
(1.103) | (0.900) (0.545) (0.579)

& The table reports Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Pearson
correlation coefficient (r), Spearman rank correlation coefficient (p), and the percentage increase
in Spearman p compared to the baseline (% 1 A Spearman p).

b Error metrics (RMSE and MAE) are reported in units of pKi/ pKg.
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