Additional File 1: Supplementary Information
This file contains supplementary materials supporting the main manuscript, including tables, equations, and figures.

Table S1-S2: The hardware facilities for model training, hyperparameter settings, and rates. 
Table S3-S5: Comparison results of BiMA-DTI and baselines on BindingDB, BioSNAP and TTD. 
Table S6-S9: Ablation experiments results about MAN and Multimodal on Human and C.elegans. 
Table S10-S11: The list of atom and edge features. \\
Equation S1-S7: The equations for evaluation metrics used to assess the performance of the model. 
Fig. S1: The 2D molecular graph of PDB ID:2BZ6 drug and the 3D binding site structure from RCSB PDB. 
Fig. S2: The importance weight of PDB ID:2BZ6 protein and the position of the amino acids involved in the combination.



























	Table S1 Summary of hyperparameter search space and optimal settings.

	Module
	Hyperparameter
	Best value
	Hyperparameters set

	BiMA-DTI
	Learning rate
	1e-5
	[10-5,10-3]

	
	Early stopping patience
	15
	[15, 20, 25]

	
	Optimizer
	Adam
	Adam, RMSprop

	
	Loss Function
	BCELoss
	MSE, CrossEntropyLoss, BCELoss

	Mamba-Attention Network
	Num of Bi-MambaFormer layers
	1
	[1,2,3]

	
	Num of Attention heads
	8
	[2,4,8,16]

	
	Hidden size
	256
	[128, 192, 256, 320]

	Graph Mamba Network
	Num of Graph Transformer layers
	1
	[1,2,3]

	
	Hidden size
	256
	[128, 192, 256, 320]

	Weighted Feature Fusion
	Expansion factor
	3
	[2,3,4]

	Prediction Layer
	Hidden size
	256
	[128, 192, 256, 320]





	Table S2 Average training and inference time per instance (in seconds).

	Methods
	Training Time (s)
	Inference Time (s)

	BiMA-DTI
	0.0180
	0.0010

	MGNDTI
	0.0682
	0.0034

	GIFDTI
	0.0144
	0.0010

	BACPI
	0.0013
	0.0004

	LAM-DTI
	0.0126
	0.0020

	DO-GMA
	0.0014
	0.0004






































	[bookmark: _Hlk200547688]Table S3 Comparison results of BiMA-DTI and baselines on BindingDB (10 random runs).

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	MGNDTI
	0.9582 ± 0.0024
	0.9426 ± 0.0031
	
	0.9016 ± 0.0049
	

	MolTrans
	0.9343 ± 0.0047
	0.9078 ± 0.0076
	0.8601 ± 0.0076
	0.8405 ± 0.0093
	0.7203 ± 0.0137

	CPI-GNN
	0.5598 ± 0.0306
	0.4700 ± 0.0289
	0.5608 ± 0.0140
	0.3362 ± 0.1691
	0.0530 ± 0.0296

	TransformerCPI
	0.9359 ± 0.0045
	0.9172 ± 0.0048
	0.8670 ± 0.0070
	0.8433 ± 0.0071
	0.7280 ± 0.0136

	BACPI
	0.9543 ± 0.0027
	0.9415 ± 0.0038
	0.8922 ± 0.0043
	0.8710 ± 0.0058
	0.7786 ± 0.0092

	CPGL
	0.9342 ± 0.0148
	0.9140 ± 0.0204
	0.8691 ± 0.0250
	0.8435 ± 0.0282
	0.7312 ± 0.0502

	GIFDTI
	0.9532 ± 0.0022
	0.9398 ± 0.0026
	0.8927 ± 0.0042
	0.8710 ± 0.0058
	0.7795 ± 0.0087

	FOTF-CPI
	0.9531 ± 0.0023
	0.9370 ± 0.0036
	0.8936 ± 0.0034
	0.8730 ± 0.0038
	0.7816 ± 0.0068

	DO-GMA
	0.9585 ± 0.0017
	0.9435 ± 0.0038
	0.8920 ± 0.0044
	0.8956 ± 0.0027
	0.7853 ± 0.0079

	LAM-DTI
	0.9588 ± 0.0017
	0.9459 ± 0.0025
	0.8992 ± 0.0028
	0.8809 ± 0.0039
	0.7936 ± 0.0060

	BiMA-DTI
	
	
	0.8983 ± 0.0041
	
	0.7949 ± 0.0074

	E2

	MGNDTI
	0.9358 ± 0.0035
	0.9070 ± 0.0096
	0.8666 ± 0.0066
	0.8725 ± 0.0053
	0.7326 ± 0.0115

	MolTrans
	0.9102 ± 0.0082
	0.8748 ± 0.0157
	0.8257 ± 0.0166
	0.8067 ± 0.0166
	0.6598 ± 0.0263

	TransformerCPI
	0.9156 ± 0.0043
	0.8870 ± 0.0058
	0.8396 ± 0.0056
	0.8133 ± 0.0056
	0.6735 ± 0.0109

	CPI-GNN
	0.5098 ± 0.0293
	0.4292 ± 0.0265
	0.5784 ± 0.0063
	0.0483 ± 0.1450
	0.0114 ± 0.0341

	BACPI
	0.9317 ± 0.0039
	0.9093 ± 0.0057
	0.8619 ± 0.0040
	0.8404 ± 0.0050
	0.7202 ± 0.0082

	CPGL
	0.9106 ± 0.0167
	0.8807 ± 0.0202
	0.8356 ± 0.0231
	0.8097 ± 0.0261
	0.6664 ± 0.0462

	GIFDTI
	0.9274 ± 0.0032
	0.9048 ± 0.0033
	0.8534 ± 0.0072
	0.8276 ± 0.0076
	0.7005 ± 0.0140

	FOTF-CPI
	0.9274 ± 0.0038
	0.8989 ± 0.0046
	0.8569 ± 0.0051
	0.8337 ± 0.0058
	0.7091 ± 0.0099

	DO-GMA
	0.9417 ± 0.0034
	0.9190 ± 0.0055
	0.8674 ± 0.0087
	0.8749 ± 0.0045
	0.7465 ± 0.0167

	LAM-DTI
	0.9352 ± 0.0020
	0.9127 ± 0.0034
	0.8698 ± 0.0030
	0.8482 ± 0.0030
	0.7347 ± 0.0059

	BiMA-DTI
	
	
	
	
	

	E3

	MGNDTI
	0.5799 ± 0.0219
	0.4844 ± 0.0252
	0.4291 ± 0.0221
	0.6680 ± 0.0016
	0.0498 ± 0.0413

	MolTrans
	0.5533 ± 0.0167
	0.4700 ± 0.0222
	0.4234 ± 0.0083
	0.4944 ± 0.0575
	0.0496 ± 0.0142

	TransformerCPI
	0.6144 ± 0.0232
	0.5261 ± 0.0253
	
	0.4966 ± 0.0550
	0.1688 ± 0.0414

	CPI-GNN
	0.5299 ± 0.0306
	0.4308 ± 0.0243
	0.5281 ± 0.0205
	0.4541 ± 0.0371
	0.0408 ± 0.0400

	BACPI
	0.5346 ± 0.0162
	0.4431 ± 0.0238
	0.5371 ± 0.0169
	0.4346 ± 0.0557
	0.0457 ± 0.0205

	CPGL
	0.5773 ± 0.0218
	0.4906 ± 0.0216
	0.5406 ± 0.0286
	0.5248 ± 0.0258
	0.1043 ± 0.0320

	GIFDTI
	0.5634 ± 0.0138
	0.4705 ± 0.0170
	0.5622 ± 0.0209
	0.4562 ± 0.0751
	0.0966 ± 0.0259

	FOTF-CPI
	0.5724 ± 0.0219
	0.4943 ± 0.0235
	0.5428 ± 0.0234
	0.5044 ± 0.0348
	0.0931 ± 0.0326

	DO-GMA
	0.6680 ± 0.0152
	0.5198 ± 0.0310
	0.4566 ± 0.0575
	0.6803 ± 0.0075
	0.2113 ± 0.0625

	LAM-DTI
	0.6567 ± 0.0195
	0.5120 ± 0.0326
	0.6129 ± 0.0415
	0.5082 ± 0.0200
	0.2118 ± 0.0346

	BiMA-DTI
	
	
	0.4600 ± 0.0385
	
	

	E4

	MGNDTI
	0.5426 ± 0.0345
	0.4535 ± 0.0327
	0.4263 ± 0.0141
	0.6673 ± 0.0012
	0.0307 ± 0.0314

	MolTrans
	0.5392 ± 0.0224
	0.4565 ± 0.0196
	0.4220 ± 0.0064
	0.4913 ± 0.0744
	0.0214 ± 0.0162

	TransformerCPI
	0.5656 ± 0.0258
	0.4957 ± 0.0253
	
	0.4780 ± 0.0361
	

	CPI-GNN
	0.4987 ± 0.0149
	0.4185 ± 0.0140
	0.5130 ± 0.0131
	0.4196 ± 0.0438
	0.0009 ± 0.0243

	BACPI
	0.5050 ± 0.0144
	0.4251 ± 0.0130
	0.5212 ± 0.0338
	0.3756 ± 0.1516
	0.0075 ± 0.0223

	CPGL
	0.5453 ± 0.0280
	0.4721 ± 0.0392
	0.5535 ± 0.0270
	0.3637 ± 0.1438
	0.0549 ± 0.0435

	GIFDTI
	0.5423 ± 0.0209
	0.4569 ± 0.0223
	0.5391 ± 0.0224
	0.4572 ± 0.0571
	0.0645 ± 0.0329

	FOTF-CPI
	0.5351 ± 0.0200
	0.4634 ± 0.0322
	0.4932 ± 0.0546
	0.5114 ± 0.0781
	0.0432 ± 0.0386

	DO-GMA
	0.5483 ± 0.0128
	0.4641 ± 0.0173
	0.4341 ± 0.0112
	0.6681 ± 0.0014
	0.0483 ± 0.0396

	LAM-DTI
	0.5723 ± 0.0252
	0.4961 ± 0.0330
	0.5448 ± 0.0589
	0.3771 ± 0.2115
	0.0841 ± 0.0426

	BiMA-DTI
	
	
	0.4264 ± 0.0141
	
	0.0340 ± 0.0336














	[bookmark: _Hlk200547729]Table S4 Comparison results of BiMA-DTI and baselines on BioSNAP (10 random runs).

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	MGNDTI 
	0.9053 ± 0.0034
	0.9084 ± 0.0040
	0.8294 ± 0.0067
	0.8332 ± 0.0052
	0.6598 ± 0.0127

	MolTrans 
	0.8834 ± 0.0082
	0.8870 ± 0.0087
	0.8044 ± 0.0109
	0.8051 ± 0.0117
	0.6106 ± 0.0210

	TransformerCPI 
	0.8928 ± 0.0019
	0.9013 ± 0.0023
	0.8152 ± 0.0034
	0.8181 ± 0.0039
	0.6306 ± 0.0066

	CPI-GNN 
	0.6968 ± 0.0067
	0.7193 ± 0.0067
	0.6544 ± 0.0064
	0.6519 ± 0.0049
	0.3096 ± 0.0134

	BACPI 
	0.8876 ± 0.0036
	0.8951 ± 0.0046
	0.8079 ± 0.0068
	0.8097 ± 0.0061
	0.6162 ± 0.0132

	CPGL 
	0.8859 ± 0.0072
	0.8927 ± 0.0083
	0.8103 ± 0.0079
	0.8128 ± 0.0089
	0.6208 ± 0.0158

	GIFDTI 
	0.9096 ± 0.0042
	0.9176 ± 0.0055
	0.8295 ± 0.0092
	0.8349 ± 0.0081
	0.6601 ± 0.0171

	FOTF-CPI 
	0.8990 ± 0.0026
	0.9025 ± 0.0039
	0.8271 ± 0.0040
	0.8290 ± 0.0049
	0.6544 ± 0.0078

	DO-GMA
	0.9104 ± 0.0029
	0.9117 ± 0.0037
	0.8405 ± 0.0048
	0.8433 ± 0.0048
	0.6852 ± 0.0095

	LAM-DTI
	0.9082 ± 0.0039
	0.9155 ± 0.0033
	0.8302 ± 0.0049
	0.8343 ± 0.0052
	0.6606 ± 0.0100

	BiMA-DTI 
	
	
	
	
	

	E2

	MGNDTI 
	0.7869 ± 0.0134
	0.8019 ± 0.0160
	0.7000 ± 0.0181
	0.7265 ± 0.0081
	0.4076 ± 0.0307

	MolTrans 
	0.7821 ± 0.0068
	0.8013 ± 0.0112
	0.6960 ± 0.0188
	0.6812 ± 0.0618
	0.3986 ± 0.0307

	TransformerCPI 
	0.7950 ± 0.0129
	0.8133 ± 0.0118
	0.7196 ± 0.0108
	0.6864 ± 0.0167
	0.4557 ± 0.0229

	CPI-GNN 
	0.5620 ± 0.0118
	0.5633 ± 0.0168
	0.5400 ± 0.0108
	0.4470 ± 0.0534
	0.0886 ± 0.0215

	BACPI 
	0.7805 ± 0.0089
	0.7971 ± 0.0084
	0.7051 ± 0.0118
	0.6630 ± 0.0284
	0.4286 ± 0.0148

	CPGL 
	0.7803 ± 0.0116
	0.7904 ± 0.0221
	0.7129 ± 0.0118
	0.6889 ± 0.0173
	0.4343 ± 0.0257

	GIFDTI 
	0.7916 ± 0.0108
	0.8161 ± 0.0122
	0.7205 ± 0.0080
	0.7008 ± 0.0170
	0.4480 ± 0.0161

	FOTF-CPI 
	0.7890 ± 0.0071
	0.8042 ± 0.0152
	
	0.6888 ± 0.0254
	

	DO-GMA
	0.8011 ± 0.0093
	0.8366 ± 0.0090
	0.7402 ± 0.0092
	0.7510 ± 0.0083
	0.4772 ± 0.0161

	LAM-DTI
	0.8003 ± 0.0103
	0.8289 ± 0.0088
	0.7231 ± 0.0098
	0.7079 ± 0.0245
	0.4620 ± 0.0143

	BiMA-DTI 
	
	
	0.7221 ± 0.0179
	
	0.4455 ± 0.0345

	E3

	MGNDTI 
	0.5725 ± 0.0191
	0.5889 ± 0.0218
	0.5052 ± 0.0083
	0.6672 ± 0.0007
	0.0289 ± 0.0184

	MolTrans 
	0.5851 ± 0.0158
	0.5889 ± 0.0187
	0.5193 ± 0.0195
	0.3005 ± 0.1602
	0.0832 ± 0.0385

	TransformerCPI 
	0.5568 ± 0.0256
	0.5542 ± 0.0203
	0.5179 ± 0.0075
	0.2285 ± 0.0398
	0.0620 ± 0.0209

	CPI-GNN 
	0.5472 ± 0.0143
	0.5631 ± 0.0205
	0.5405 ± 0.0111
	0.4258 ± 0.0267
	0.0915 ± 0.0282

	BACPI 
	0.5629 ± 0.0147
	0.5811 ± 0.0192
	0.5443 ± 0.0108
	0.3152 ± 0.0795
	0.1252 ± 0.0208

	CPGL 
	0.5386 ± 0.0191
	0.5450 ± 0.0231
	0.5213 ± 0.0100
	0.2507 ± 0.0740
	0.0711 ± 0.0221

	GIFDTI 
	0.6099 ± 0.0289
	0.5968 ± 0.0360
	0.5368 ± 0.0362
	0.2693 ± 0.1766
	0.1022 ± 0.0706

	FOTF-CPI 
	0.5836 ± 0.0089
	0.5980 ± 0.0123
	0.5421 ± 0.0088
	0.3110 ± 0.1139
	0.1270 ± 0.0098

	DO-GMA
	0.6302 ± 0.0104
	0.6670 ± 0.0160
	0.5774 ± 0.0215
	0.6727 ± 0.0052
	0.1920 ± 0.0447

	LAM-DTI
	0.6106 ± 0.0168
	0.6659 ± 0.0167
	0.5571 ± 0.0120
	0.4543 ± 0.0429
	0.1810 ± 0.0265

	BiMA-DTI 
	0.6394 ± 0.0182
	0.6826 ± 0.0235
	0.5797 ± 0.0214
	0.6728 ± 0.0047
	0.1371 ± 0.0499

	E4

	MGNDTI 
	0.5242 ± 0.0172
	0.5243 ± 0.0160
	0.5085 ± 0.0084
	0.6675 ± 0.0008
	0.0356 ± 0.0211

	MolTrans 
	0.5837 ± 0.0190
	0.5640 ± 0.0230
	0.5257 ± 0.0143
	0.2345 ± 0.2175
	0.0867 ± 0.0497

	TransformerCPI 
	0.5194 ± 0.0165
	0.5103 ± 0.0169
	0.4947 ± 0.0086
	0.0287 ± 0.0545
	0.0015 ± 0.0059

	CPI-GNN 
	0.5050 ± 0.0105
	0.5106 ± 0.0125
	0.5016 ± 0.0073
	0.3513 ± 0.0581
	0.0092 ± 0.0133

	BACPI 
	0.5226 ± 0.0152
	0.5260 ± 0.0167
	0.5005 ± 0.0104
	0.0882 ± 0.0672
	0.0291 ± 0.0331

	CPGL 
	0.5135 ± 0.0211
	0.5131 ± 0.0187
	0.4955 ± 0.0109
	0.0960 ± 0.1472
	0.0047 ± 0.0263

	GIFDTI 
	0.5801 ± 0.0448
	0.5751 ± 0.0479
	
	0.2899 ± 0.1329
	

	FOTF-CPI 
	0.5686 ± 0.0466
	0.5582 ± 0.0414
	0.5032 ± 0.0134
	0.1379 ± 0.1190
	0.0275 ± 0.0288

	DO-GMA
	0.5523 ± 0.0178
	0.5256 ± 0.0112
	0.5237 ± 0.0137
	0.6703 ± 0.0029
	0.1087 ± 0.0822

	LAM-DTI
	0.5389 ± 0.0266
	0.5206 ± 0.0150
	0.4966 ± 0.0057
	0.0239 ± 0.0660
	0.0003 ± 0.0028

	BiMA-DTI 
	
	
	0.5162 ± 0.0130
	
	0.0639 ± 0.0415














	[bookmark: _Hlk200547840]Table S5 Comparison results of BiMA-DTI and baselines on TTD.

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	LAM-DTI
	0.9271
	0.9960
	0.9755
	0.9875
	0.4616

	DO-GMA
	0.9094
	0.9963
	0.8800
	0.8375
	0.3266

	BACPI
	0.9065
	0.9961
	0.9739
	0.9867
	0.3831

	GIFDTI
	0.8783
	0.9950
	0.9731
	0.9863
	0.3594

	MGNDTI
	0.9139
	0.9964
	0.8949
	0.8446
	0.3496

	BiMA-DTI
	0.9310
	0.9970
	0.9020
	0.8580
	0.3730

	E2

	LAM-DTI
	0.9055
	0.9960
	0.9739
	0.9866
	0.4262

	DO-GMA
	0.8947
	0.9954
	0.8643
	0.8256
	0.3037

	BACPI
	0.8949
	0.9954
	0.9725
	0.9860
	0.3456

	GIFDTI
	0.8683
	0.9944
	0.9718
	0.9856
	0.2945

	MGNDTI
	0.9061
	0.9960
	0.8711
	0.8369
	0.3211

	BiMA-DTI
	0.9210
	0.9970
	0.9100
	0.8520
	0.3800

	E3

	LAM-DTI
	0.8425
	0.9937
	0.9741
	0.9868
	0.1470

	DO-GMA
	0.8904
	0.9954
	0.9339
	0.9228
	0.3169

	BACPI
	0.6957
	0.9876
	0.8961
	0.9265
	0.0132

	GIFDTI
	0.7225
	0.9645
	0.9374
	0.9599
	0.1190

	MGNDTI
	0.8904
	0.9954
	0.9339
	0.9228
	0.3169

	BiMA-DTI
	0.6567
	0.9832
	0.8923
	0.7462
	0.2462

	E4

	LAM-DTI
	0.9293
	0.9961
	0.9754
	0.9874
	0.4900

	DO-GMA
	0.9147
	0.9965
	0.8768
	0.8458
	0.3346

	BACPI
	0.9097
	0.9962
	0.9737
	0.9866
	0.4037

	GIFDTI
	0.8837
	0.9950
	0.9738
	0.9866
	0.3854

	MGNDTI
	0.9205
	0.9965
	0.8905
	0.8522
	0.3550

	BiMA-DTI
	0.9390
	0.9970
	0.8890
	0.8740
	0.3760


































	Table S6 Ablation experiments about MAN on Human (10 random runs).

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.9796 ± 0.0028
	0.9807 ± 0.0032
	0.9354 ± 0.0072
	0.9352 ± 0.0068
	0.8711 ± 0.0144

	w/o MHA 
	0.9113 ± 0.0765
	0.9043 ± 0.0849
	0.8533 ± 0.0964
	0.8627 ± 0.0875
	0.7122 ± 0.1878

	Unidirectional 
	0.8408 ± 0.0269
	0.8272 ± 0.0369
	0.7461 ± 0.0327
	0.7783 ± 0.0218
	0.5150 ± 0.0570

	E2

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.8350 ± 0.0488
	0.8244 ± 0.0719
	0.7750 ± 0.0501
	0.7924 ± 0.0352
	0.5586 ± 0.0963

	w/o MHA 
	0.9341 ± 0.0137
	0.9503 ± 0.0108
	0.8775 ± 0.0154
	0.8773 ± 0.0155
	0.7558 ± 0.0322

	Unidirectional 
	0.9321 ± 0.0112
	0.9495 ± 0.0075
	0.8766 ± 0.0136
	0.8750 ± 0.0145
	0.7571 ± 0.0244

	E3

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.9865 ± 0.0050
	0.9866 ± 0.0045
	0.9660 ± 0.0058
	0.9611 ± 0.0079
	0.9299 ± 0.0123

	w/o MHA 
	0.9576 ± 0.0426
	0.9502 ± 0.0556
	0.9185 ± 0.0665
	0.9209 ± 0.0628
	0.8391 ± 0.1306

	Unidirectional 
	0.9657 ± 0.0312
	0.9605 ± 0.0428
	0.9308 ± 0.0441
	0.9303 ± 0.0418
	0.8636 ± 0.0855

	E4

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.7668 ± 0.0207
	0.7757 ± 0.0219
	0.6756 ± 0.0305
	0.7231 ± 0.0149
	0.3773 ± 0.0513

	w/o MHA 
	0.7567 ± 0.0148
	0.7728 ± 0.0153
	0.6743 ± 0.0388
	0.7141 ± 0.0131
	0.3684 ± 0.0606

	Unidirectional 
	0.7618 ± 0.0184
	0.7804 ± 0.0208
	0.6706 ± 0.0293
	0.7192 ± 0.0108
	0.3652 ± 0.0423



	Table S7 Ablation experiments about MAN on  (10 random runs).

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.9873 ± 0.0026
	0.9884 ± 0.0029
	0.9578 ± 0.0079
	0.9577 ± 0.0079
	0.9160 ± 0.0160

	w/o MHA 
	0.9322 ± 0.0430
	0.9402 ± 0.0379
	0.8679 ± 0.0715
	0.8701 ± 0.0694
	0.7367 ± 0.1424

	Unidirectional 
	0.9932 ± 0.0023
	0.9935 ± 0.0016
	0.9707 ± 0.0056
	0.9706 ± 0.0056
	0.9415 ± 0.0112

	E2

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.8468 ± 0.0385
	0.8935 ± 0.0242
	0.7739 ± 0.0463
	0.7798 ± 0.0388
	0.5376 ± 0.0961

	w/o MHA 
	0.9287 ± 0.0185
	0.9524 ± 0.0105
	0.8701 ± 0.0256
	0.8704 ± 0.0257
	0.7389 ± 0.0520

	Unidirectional 
	0.7643 ± 0.0891
	0.8228 ± 0.0703
	0.7082 ± 0.0905
	0.7317 ± 0.0723
	0.3841 ± 0.2118

	E3

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.9285 ± 0.0246
	0.9172 ± 0.0376
	0.8752 ± 0.0381
	0.8719 ± 0.0244
	0.7484 ± 0.0683

	w/o MHA 
	0.9850 ± 0.0056
	0.9853 ± 0.0042
	0.9633 ± 0.0088
	0.9604 ± 0.0083
	0.9245 ± 0.0182

	Unidirectional 
	0.9865 ± 0.0050
	0.9866 ± 0.0045
	0.9660 ± 0.0058
	0.9611 ± 0.0079
	0.9299 ± 0.0123

	E4

	BiMA-DTI 
	
	
	
	
	

	w/o Mamba 
	0.6114 ± 0.0808
	0.6352 ± 0.0781
	0.5364 ± 0.0535
	0.6743 ± 0.0104
	0.1112 ± 0.0998

	w/o MHA 
	0.6594 ± 0.0409
	0.6888 ± 0.0343
	0.5466 ± 0.0590
	0.6762 ± 0.0190
	0.1129 ± 0.1285

	Unidirectional 
	0.6275 ± 0.0778
	0.6511 ± 0.0777
	0.5437 ± 0.0768
	0.6808 ± 0.0233
	0.1298 ± 0.1388


















	Table S8 Ablation experiments about Multimodal on Human (10 random runs).

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	BiMA-DTI 
	
	0.9858 ± 0.0024
	
	
	

	SPMDTI 
	0.9859 ± 0.0031
	
	0.9504 ± 0.0055
	0.9501 ± 0.0058
	0.9007 ± 0.0108

	GPMDTI 
	0.9648 ± 0.0045
	0.9632 ± 0.0052
	0.9187 ± 0.0082
	0.9186 ± 0.0082
	0.8374 ± 0.0163

	E2

	BiMA-DTI 
	0.9298 ± 0.0100
	0.9480 ± 0.0067
	0.8782 ± 0.0120
	0.8770 ± 0.0125
	0.7587 ± 0.0243

	SPMDTI 
	
	
	
	
	

	GPMDTI 
	0.9144 ± 0.0168
	0.9349 ± 0.0157
	0.8746 ± 0.0126
	0.8736 ± 0.0125
	0.7497 ± 0.0240

	E3

	BiMA-DTI 
	
	
	
	
	

	SPMDTI 
	0.9897 ± 0.0026
	0.9912 ± 0.0022
	0.9663 ± 0.0086
	0.9651 ± 0.0085
	0.9325 ± 0.0175

	GPMDTI 
	0.8506 ± 0.0587
	0.8396 ± 0.0683
	0.7730 ± 0.0684
	0.7976 ± 0.0451
	0.5563 ± 0.1158

	E4

	BiMA-DTI 
	
	0.7632 ± 0.0268
	
	
	

	SPMDTI 
	0.7549 ± 0.0305
	
	0.6639 ± 0.0557
	0.7132 ± 0.0230
	0.3480 ± 0.0951

	GPMDTI 
	0.5634 ± 0.0478
	0.5466 ± 0.0259
	0.5297 ± 0.0345
	0.6742 ± 0.0095
	0.1068 ± 0.0740



	Table S9 Ablation experiments about Multimodal on  (10 random runs).

	Method 
	AUROC
	AUPRC
	Accuracy
	F1-score
	MCC

	E1

	BiMA-DTI 
	0.9860 ± 0.0039
	0.9858 ± 0.0024
	0.9523 ± 0.0053
	0.9522 ± 0.0049
	0.9043 ± 0.0101

	SPMDTI 
	
	
	
	
	

	GPMDTI 
	0.9850 ± 0.0030
	0.9850 ± 0.0039
	0.9541 ± 0.0043
	0.9540 ± 0.0043
	0.9083 ± 0.0087

	E2

	BiMA-DTI 
	0.9298 ± 0.0100
	0.9480 ± 0.0067
	
	
	

	SPMDTI 
	
	
	0.8653 ± 0.0192
	0.8649 ± 0.0186
	0.7258 ± 0.0400

	GPMDTI 
	0.9040 ± 0.0176
	0.9309 ± 0.0177
	0.8645 ± 0.0231
	0.8651 ± 0.0233
	0.7260 ± 0.0473

	E3

	BiMA-DTI 
	
	
	
	
	

	SPMDTI 
	0.9858 ± 0.0041
	0.9864 ± 0.0031
	0.9671 ± 0.0075
	0.9643 ± 0.0071
	0.9325 ± 0.0155

	GPMDTI 
	0.9190 ± 0.0136
	0.9177 ± 0.0203
	0.8668 ± 0.0331
	0.8575 ± 0.0232
	0.7285 ± 0.0585

	E4

	BiMA-DTI 
	
	
	
	
	

	SPMDTI 
	0.7093 ± 0.0250
	0.7100 ± 0.0306
	0.6116 ± 0.0502
	0.6995 ± 0.0183
	0.2477 ± 0.0786

	GPMDTI 
	0.6061 ± 0.0680
	0.6275 ± 0.0723
	0.5204 ± 0.0330
	0.6718 ± 0.0075
	0.0632 ± 0.0888





	Table S10 List of atom features.

	Type
	Value

	Atomic Number
	from 0 to 118

	Chirality
	undefined, tetrahedral, tetrahedral (clockwise), tetrahedral (counterclockwise)…

	Total Degree
	from 0 to 10

	Former Charge
	from -5 to 6

	Number of Hydrogens
	from 0 to 8

	Number of Radical Electrons
	from 0 to 4

	Hybridization
	undefined, s, sp, sp2…

	Is Aromatic
	true or false

	Is in Ring
	true or false




	Table S11 List of edge features.

	Type
	Value

	Bond Type
	undefined, single, double, triple…

	Stereochemistry
	no stereochemistry, any stereochemistry, Z configuration, E configuration…

	Is Conjugated
	true or false

	Is Aromatic
	true or false

	Is in Ring
	true or false


Area Under the Receiver Operating Characteristic curve (AUROC): It evaluates the model's ability to distinguish between positive and negative classes across all possible classification thresholds. A higher AUROC indicates better ranking performance. It is defined as:
	
	


	(S1)


where TPR is the true positive rate, and FPR is the false positive rate.

Area Under the Precision-Recall Curve (AUPRC): Particularly useful for imbalanced datasets, AUPRC reflects the trade-off between precision and recall. It is defined as:
	
	


	(S2)



Accuracy (ACC): It measures the overall proportion of correctly predicted samples:
	
	
	(S3)



F1-score (F1): It is the harmonic mean of precision and recall, balancing both metrics in a single score:
	
	
	(S4)



Matthews Correlation Coefficient (MCC): A robust metric for binary classification that accounts for all elements of the confusion matrix and is especially informative in imbalanced datasets:
	
	
	(S5)



Expected Calibration Error (ECE): It quantifies calibration error by binning predictions and comparing confidence to accuracy.
	
	
	(S6)


where  is the set of samples in the -th confidence bin,  is the total number of samples,  is the accuracy in bin ​, and  is the average confidence in bin ​.

Brier score (Brier): It assesses both calibration and refinement via a quadratic scoring rule.
	
	
	(S7)


where ​ is the predicted probability,  is the true label, and  is the number of samples.
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[bookmark: _Hlk200529082]Fig. S1 The 2D molecular graph of 2BZ6 drug and the 3D binding site structure from RCSB PDB. (a) Visualization of the importance of the Saliency method. (b) Visualization of Mamba-Attention weights. (c) The position of the amino acid sequence bound to the drug and the 3D binding site structure from RCSB PDB.
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[bookmark: _Hlk200529117]Fig. S2 The importance weight of 2BZ6 protein and the position of the amino acids involved in the combination.
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