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Model evaluation
To comprehensively evaluate the predictive performance of the IECata regression model, we used four metrics: Pearson coefficient (PCC), R-squared (R2), mean absolute error (MAE), and root mean square error (RMSE).
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Where,are the experimental and predicted kcat / Km values, respectively. and are the average of the experimental and predicted kcat / Km values, respectively.  is the number of entries in the datasets.
[bookmark: OLE_LINK3]Additionally, hit ratio (HR) was used to measure the proportion of enzyme-directed evolution data correctly predicted by IECata.
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 is the number of samples. whether the predicted labels match the true labels in enzyme-directed evolution dataset. If yes, its value is 1, else it is 0.
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Fig. S1. Data analysis of the whole IECata dataset. a Data distribution of all kcat / Km values. b Classification of enzyme types based on the first digit of EC number, and the distribution of wildtype and mutant enzymes for each type of enzyme. Source data are provided as a Source Data file.
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Fig. S2. The collection and processing workflow of the IECata dataset.

[bookmark: OLE_LINK1]Table S1 Comparison of IECata and UniKP datasets
	[bookmark: _Hlk176293299]kcat / Km datasets
	IECata
	UniKP

	Entries
	11,815
	910

	Unique enzyme sequences
	5,350
	321

	[bookmark: OLE_LINK8]Unique Enzyme Classes (EC)
	1,279
	NA

	Unique substrates
	2,113
	452

	Unique organisms
	901
	NA



Table S2 Hyperparameters settings for the IECata model. The final hyperparameters are indicated in bold
	Parameters
	Values

	Regularization coefficient 
	0.005, 0.01, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5

	Epoch
	80, 85, 90, 95, 100, 110, 120, 130, 140, 150

	Batch
	16, 32, 64,128, 256

	Optimizer
	Adam

	Learning rate
	1e-5, 5e-5, 5e-4, 6e-4, 7e-4, 8e-4, 1e-3, 5e-3

	Weight_decay by StepLR
	Step 30, Gamma 0.5
Step 25, Gamma 0.5
Step 20, Gamma 0.5

	Dropout
	0.1, 0.15, 0.2, 0.3, 0.35, 0.4

	Enzyme feature convolution kernel size
	9

	Enzyme attention convolution kernel size
	9

	Enzyme readout MLP layers
	1

	Enzyme readout MLP hidden dimension
	64, 128, 256

	Substrate GCN layers
	2, 3, 4

	Substrate GCN hidden dimension
	[64, 64,64]
[128,128,128]
[256,256,256]

	Enzyme substrate pair readout MLP layers
	4

	Enzyme substrate pair readout MLP hidden Dimension
	[256,512,128,4]
[256,256,128,4]
[256,128,128,4]
[512,256,128,4]
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