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[bookmark: _Ref156299632]Figure 1. (a) The RMSD distributions of docked conformations of proteins in the training set using Autodock-GPU. The x-axis corresponds to the RMSD values from the crystal structures. The y-axis represents protein indices of the training set. The lengths of horizontal lines are proportional to the number of sampled docked conformations corresponding to a RMSD bin. (b) The RMSD distribution of docked conformations of the protein-ligand pairs in the training dataset,  and , obtained with Autodock-GPU.


Supplementary Tables
[bookmark: _Ref114059975]Table S1. Node features
	Feature (size)
	list

	Atom type (20)
	C, H, O, N, S, P, F, Cl, Br, I, B, Se, Fe, Ru, Mn, Co, Ni, Cu, Zn, other (one-hot)

	Degree of atom (7)
	0, 1, 2, 3, 4, 5, 6 (one-hot)

	Num Hs (5)
	0, 1, 2, 3, 4 (one-hot)

	Implicit Valence (6)
	0, 1, 2, 3, 4, 5 (one-hot)

	Explicit Valence (6)
	0, 1, 2, 3, 4, 5 (one-hot)

	Implicit Hs (5)
	0, 1, 2, 3, 4 (one-hot)

	Explicit Hs (2)
	0, 1 (one-hot)

	Hybridization (5)
	sp, sp2, sp3, sp3d, sp3d2 (one-hot)

	Radical (3)
	0,1,2 (one-hot)

	Formal charge (7)
	-2, -1, 0, 1, 2, 3, 4 (one-hot)

	Aromatic, Ring, Hydrophobic, H Donor, H Accepter, Acidic, Basic (7)
	Binary
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Table S2. Edge features
	Edge type
	Feature (size)
	list

	Covalent bond
	Bond type (4)
	Single, double, triple, aromatic (one-hot)

	
	Stereo type (6)
	Any, Cis, Trans, E, Z, none (one-hot)

	
	Ring (1), Conjugating (1)
	Binary

	Non-covalent bond
	PL bond type (5)
	Hydrophobic, PL Hydrogen, LP Hydrogen, PL ionic, LP ionic (binary)

	
	Distance (4)
	<2 Å, <4 Å, <6 Å, <8 Å (binary)

	
	Atom-Atom connection (3)
	Protein-Protein, Ligand-Ligand, Protein-Ligand (one-hot)











Table S3. Detailed hyperparameters of network structure of the models used in this paper.
	
	Akscore2_NonDock
	Akscore2_DockS
	Akscore2_DockC

	Initial node 
feature dimension
	73
	73
	73

	Edge 
feature dimension
	12
	24
	24

	Embedding layer
	In channel: 73
Out channel: 256
	In channel: 73
Out channel: 256
	In channel: 73
Out channel: 256

	GNN
	GNN-Protein: { 
layer: 5
In channel: 256
Out channel: 256
}
GNN-Ligand: { 
layer: 3
In channel: 256
Out channel: 256
}
	GNN-Protein Ligand Complex: { 
layer: 5
In channel: 256
Out channel: 256
}

	GNN-Protein Ligand Complex: { 
layer: 5
In channel: 256
Out channel: 256
}


	MLP
	Linear Layer 1: {
In channel: 512
Out channel: 512
}
Linear Layer 2: {
In channel: 512
Out channel: 256
}
Linear Layer 3: {
In channel: 256
Out channel: 1
}
	Linear Layer 1: {
In channel: 256
Out channel: 256
}
Linear Layer 2: {
In channel: 256
Out channel: 128
}
Linear Layer 3: {
In channel: 128
Out channel: 1
}
	Linear Layer 1: {
In channel: 256
Out channel: 256
}
Linear Layer 2: {
In channel: 256
Out channel: 128
}
Linear Layer 3: {
In channel: 128
Out channel: 1
}





Table S4. EF 0.5% screening results for each 15 targets on LIT-PCBA
	Target
	Model

	
	Autodock
GPU
[4]
	PIGNet
[9]
	RTMScore
[13]
	Akscore2
_NonDock
	Akscore2
_DockS
	Akscore2
_DockC
	Akscore2
_NonDock

Akscore2
_DockS
	Akscore2
_NonDock 

Akscore2
_DockC
	Akscore2
_NonDock

Akscore2
_DockS

Autodock
_GPU
	Akscore2
_NonDock 

Akscore2
_DockC

Autodock
_GPU

	ESR1_ago
	0.0
	0.0
	0.0
	0.0
	0.0
	15.37
	0.0
	15.37
	0.0
	0.0

	ESR1_ant
	1.98
	1.98
	0.0
	0.0
	3.96
	3.96
	1.98
	0.0
	1.98
	0.0

	PPARG
	0.0
	0.0
	0.0
	7.46
	0.0
	7.46
	0.0
	0.0
	7.46
	0.0

	TP53
	2.56
	0.0
	0.0
	0.0
	0.0
	2.56
	0.0
	2.56
	0.0
	2.56

	MTORC1
	2.07
	4.13
	0.0
	0.0
	0.0
	2.07
	0.0
	0.0
	2.07
	0.0

	MAPK1
	2.60
	5.20
	4.55
	2.60
	1.95
	3.90
	1.95
	0.65
	1.95
	1.95

	ALDH1
	1.53
	1.26
	2.01
	0.78
	0.75
	0.92
	0.84
	1.03
	1.28
	1.26

	ADRB2
	11.76
	0.0
	23.53
	0.0
	0.0
	0.0
	0.0
	0.0
	11.76
	0.0

	KAT2A
	2.06
	0.0
	1.03
	1.03
	2.06
	1.03
	4.12
	2.06
	2.06
	2.06

	VDR
	0.23
	2.04
	0.91
	0.91
	0.68
	0.68
	2.04
	0.68
	1.58
	0.45

	FEN1
	5.96
	0.0
	0.0
	2.71
	1.08
	0.54
	2.71
	2.17
	5.96
	4.88

	OPRK1
	0.0
	8.33
	8.33
	0.0
	0.0
	8.33
	0.0
	0.0
	0.0
	0.0

	GBA
	7.23
	1.20
	1.20
	0.0
	1.20
	1.20
	1.20
	0.0
	3.61
	3.61

	PKM2
	0.73
	1.10
	1.46
	0.37
	0.0
	1.10
	0.73
	0.73
	1.46
	1.10

	IDH1
	0.0
	0.0
	0.0
	0.0
	5.13
	0.0
	0.0
	0.0
	0.0
	5.13

	Average
	2.58
	1.68
	2.87
	1.06
	1.12
	3.27
	1.04
	1.68
	2.75
	1.53












Supplementary Methods
Method. S1 (node and edge feature construction approach)
Molecule and protein represented graphs with atoms and two valence bonds. Properties of atoms are represented as 73 node features (Table S1), and properties of bonds are represented as 24 edge features (Table S2). First, Edge connect type is used to express whether the binding is within the ligand, within the protein, or between the ligand and the protein. There are 20 of atom type (C, H, O, N, S, P, F, Cl, Br, I, B, Se, Fe, Ru, Mn, Co, Ni, Cu, Zn, other) are represented as one-hot vectors. Various other atomic properties were obtained using RDKit and represented as one-hot and binary.
There are five features (Hydrophobic, H-Donor, H-Accepter, Acidic, Basic) that were not obtained with RDKit, among which hydrophobic is expressed by dividing the charge of each atom calculated by Autodock Tools (MGLTools) by 0 if it is smaller than 0.2 and by 1 if it is larger. H donors and H acceptors are represented by 0 and 1 according to the number of Hs possessed by N, O, S, and P atoms, acidic and basic are represented by 0 and 1 for carboxyl and amino groups. The types of bonds used were covalent bonds within the ligand and protein and non-covalent bonds with interactions between atoms of the ligand and atoms of the protein. Edge features were represented by one-hot vectors according to binding type, stereotype, ring, conjunction, distance. Covalent bonds are represented by one-hot vectors in four types (single, double, triple, and aromatic), and in five steric directions (Any, Cis, Trans, E, Z, and None). Then checked Ring and Conjugation. When the atomic distance between the ligand atom and the protein atom is within 8 Å, a non-covalent bond between the two atoms is created. There are two types of non-covalent bonds: PL bond type, and distance. PL bond type have hydrophobic, hydrogen bond, and ionic bond. It is a hydrophobic bond if both atoms of the bond have hydrophobic. If an atom has one H accepter and one H donor of each other, it is hydrogen bond. Similarly, if each has acidic and basic, it is ionic bond. Hydrogen bond and ionic bond are distinguished from ligand to protein or from protein to ligand. Distances between ligands and protein atoms are represented by four thresholds, less than 2 Å, 4 Å, 6 Å and 8 Å.
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