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The Phase II Metabolism Prediction System

Table S1 Structural features used in the Phase II filter model. All but the last seven features were selected for the PhaseII filter model.

	Feature
	Description

	nHBA
	Number of Hydrogen bond acceptors

	tpsa
	Topological Polar Surface Area

	alogp
	ALogP

	nAcidicGroups
	Number of acidic groups

	nHBD
	Number of Hydrogen bond donors

	monoisoMass
	Monoisotopic mass

	nRotBonds
	Number of rotatable bonds

	nBasicGroups
	Number of basic groups

	hBond
	Number of Hydrogen bonds

	hydroxyl_acidic
	Number of acidic hydroxyl groups

	unsubstituted_aromatic_carbon
	Number of unsubstituted aromatic carbon atoms

	carboxyl
	Number of carboxyl groups

	carbon_hydrogen_bond
	Number of hydrogen bonds

	alcohol
	Number of alcohol groups

	carboxylic_acid_or_base
	Number of acidic and basic carboxyl groups

	hydroxyl
	Number of hydroxyl groups

	unfunctionalized_methylen_group
	Number of unfunctionalized methylene groups

	12_diol
	Number of 1,2-diols

	ewg
	Number of electron withdrawing groups

	heterocyclic_amine
	Number of heterocyclic amine groups

	imine
	Number of imine groups

	amine
	Number of amine groups

	carboxylic_ester
	Number of carboxylic ester groups

	Feature
	Description

	peroxide
	Number of peroxide groups

	heteroatom
	Number of heteroatoms

	disulfide
	Number of disulphide bonds

	aryl_halide
	Number of aryl-halide groups

	acyl_halide
	Number of acyl-halide groups

	n_metyl
	Number of N-methyl groups

	o_metyl
	Number of O-methyl groups

	aryl_nitro
	Number of aryl-nitro groups

	epoxide
	Number of epoxide groups






Table S2 SMARTS expressions of pre-filters: The first row shows the SMARTS pattern for the “glycerolipid” chemical class, used to discriminate glycerolipid compounds from potential Phase II candidates. The last 64 rows display SMARTS patterns of features that can be pre-selected as Phase II substrates and passed to the Phase II filter for prediction. 


	Feature
	SMARTS

	GLYCEROLIPID
	[$([OX1-,OX2H1,$([OX2](-[CX4])[CX4;R0;H2]),$([OX2]-[CX3]=[CX3]),$([OX2]-[CX3](=O)-[#1,#6])][#6;A;H2X4R0][#6;A;H1X4R0]([OX1-,OX2H1,$([OX2](-[CX4])[CX4;R0;H2]),$([OX2]-[CX3]=[CX3]),$([OX2]-[CX3](=O)-[#1,#6])])[#6;A;H2X4R0][#8]-[CX4,$([CX3]=[CX3]),$([CX3](=O)-[#1,#6])]),$([OX1-,OX2H1,$([OX2](-[CX4])[CX4;R0;H2]),$([OX2]-[CX3]=[CX3]),$([OX2]-[CX3](=O)-[#1,#6])][#6;A;H2X4R0][#6;A;H1X4R0]([#6;A;H2X4R0][OX1-,OX2H1,$([OX2](-[CX4])[CX4;R0;H2]),$([OX2]-[CX3]=[CX3]),$([OX2]-[CX3](=O)-[#1,#6])])[#8;X2]-[CX4,$([CX3]=[CX3]),$([CX3](=O)-[#1,#6])])]

	feature_01
	[H][#8;X2][#6;A;X4]([#6])([#6,#1])[#6,#1]

	feature_02
	[#8;H1X2]-[#6,#7,#16;a]

	feature_03
	[#6;A;!$(C(-[NX3H2])-[CX3](=O)[OX2H1,OX1-])][#6;A;X3]([#8;H1X2])=O

	feature_04
	[#6;a]-[#6]([#8;A;X2H1,X1-])=O

	feature_05
	[O;X2H1][N;X3](-[#6;X4H1,X4H2,X4H3])

	feature_06
	[#6]-[#16;X4](=[#8;X1])(=[#8;X1])-[#7;X3;H1,H2]

	feature_07
	[#6;a]-[N;X3;H2]

	Feature
	SMARTS

	feature_08
	[#6]=,:1[#6]=,:[#6;R1][#7;H1v4X3]=,:[#6;R1][#6]=,:1

	feature_09
	[#6]-[#16;H1X2]

	feature_10
	[#16;H1X2]-[#6;R1]=,:1[#6;R1]=,:[#6;R1][#6;R1]=,:[#6;R1][#6;R1]=,:1

	feature_11
	[O;X1]=[#6;X3]-[#6;X4H2]-[#6;X3]=[O;X1]

	feature_12
	[H][#8;X2]-[#6;R1]=,:1[#6;R1]=,:[#6;R1][#6;R1](=,:[#6;R1][#6;R1]=,:1)-[#6;R1]1=,:[#6;R1][#8;R1][#6;R2]2=,:[#6;R1][#6;R1]=,:[#6;R1][#6;R1]=,:[#6;R2]2[#6;R1]1=[O;X1]

	feature_13
	[H][#8;X2]-[#6;R1]1=,:[#6;R1][#6;R1]=,:[#6;R2]2[#6;R2](=,:[#6;R1]1)[#8;R1][#6;R1]=,:[#6;R1](-[#6;R1]=,:1[#6;R1]=,:[#6;R1][#6;R1]=,:[#6;R1][#6;R1]=,:1)[#6;R1]2=[O;X1]

	feature_14
	[#6]!@-[#7;A;H1X3;!$([N]*~[#7,#8,#15,#16])]([#6])[#6]

	feature_15
	[#7;X3;$([H2]),$([H1][#6;!$(C=[O,N,S])])]-[#6](-[#6X4,#7X3])=[O;X1]

	feature_16
	[#6]=,:1[#7;H1v3X3R1][#7;R1]=,:[#6,#7][#6,#7]=,:1

	feature_17
	[*,#1]-[#7;v3X3R1]1[#6]=,:[#6,#7][#6,#7]=,:[#7;v3R1]1

	feature_18
	*-[#7]1[#6]=,:[#6;R1][#7;v3R1]=,:[#6;R1]1

	feature_19
	[#6]=,:1[#7;R1][#7;R1]=,:[#6][#7;v3R1]=,:1

	feature_20
	[#8;A;H1X2][#6]~1~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~2~[#6,#8,#7,#16;A;R2](~[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R1]~[#6,#8,#7,#16;A;R2]-,=3-,=[#6,#8,#7,#16;A;R2]-,=4-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16][#6;A;H1X4][#6,#8,#7,#16]-,=4-,=[#6,#8,#7,#16][#6;A;X4;H2,H1][#6,#8,#7,#16]~2-,=3)~[#6,#8,#7,#16]~1

	feature_21
	[#8;A;H1X2][#6]~1~[#6,#8,#7,#16;A;R1]~[#6,#8,#7,#16;A;R2]~2-,=[#6,#8,#7,#16;A;R2]-,=3-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16][#6;A;H1X4][#6,#8,#7,#16]-,=3-,=[#6,#8,#7,#16][#6;A;X4;H2,H1][#6,#8,#7,#16]~2~[#6,#8,#7,#16]~2~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R2]~1~2

	feature_22
	[#8;A;H1X2][#6;A;X4]1([#1,CX4H3R0])[#6,#8,#7,#16]-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16;A;R2]-,=2-,=[#6,#8,#7,#16;A;R2]~3~[#6,#8,#7,#16;A;R1]~[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R2]~4~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~4~[#6,#8,#7,#16]~3[#6;A;X4;H2,H1][#6,#8,#7,#16]-,=[#6,#8,#7,#16]1-,=2

	feature_23
	[$([#6][N;X4+]([#6])([#6])[#8;X1-]),$([#6][#7;X3+](=,:[#6])-[#8;X1-])]

	feature_24
	[H][#8]-[#6;R1]=,:1[#6;R1]=,:[#6;R1][#6]-2=,:[#6]([#6;R1]=,:1)-[#6;R1]-[#6;R1]-[#6]-1-[#6]-3-[#6;R1]-[#6;R1]-[#6;R1]-[#6]-3-[#6;R1]-[#6;R1]-[#6]-2-1

	feature_25
	[#6;A;H2X4;!$(C([OX2H])[O,S,#7,#15])][#8;H1X2]

	feature_26
	[H][#8][#6;A;H1X4;!$(C([OX2H])[O,S,#7,#15])]([H])([#6])[#6]

	feature_27
	[H][#8]-[#6;R1]=,:1[#6;R1]=,:[#6;R1]([H])[#6;R1]([H])=,:[#6;R1](!@-[#6])[#6;R1]=,:1

	feature_28
	[H][#6;R1]1=,:[#6;R1][#6;R1](!@-[#8;H1X2R0])=,:[#6;R1][#6;R1]([H])=,:[#6;R1]1!@-[#6]

	feature_29
	[H][#8]-[#6]~1~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~2~[#6,#8,#7,#16;A;R2](~[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R1]~[#6,#8,#7,#16;A;R2]~3-,=[#6,#8,#7,#16;A;R2]-,=4-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16;A]-,=[#6,#8,#7,#16]-,=4-,=[#6,#8,#7,#16]~[#6,#8,#7,#16;A]~[#6,#8,#7,#16]~2~3)~[#6,#8,#7,#16]~1

	Feature
	SMARTS

	feature_30
	[H][#8]C1([H])[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R2]~2~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~2~[#6,#8,#7,#16]~2~[#6,#8,#7,#16;A]~[#6,#8,#7,#16]-,=[#6,#8,#7,#16]-,=3-,=[#6,#8,#7,#16;A]-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16;A;R2]-,=3-,=[#6]1~2

	feature_31
	[H][#8]C1([H])[#6]~[#6,#8,#7,#16]~2~[#6,#8,#7,#16]~3~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R2]~3~[#6,#8,#7,#16]~[#6,#8,#7,#16;A;R1]~[#6,#8,#7,#16;A;R2]~2-,=[#6,#8,#7,#16;A;R2]-,=2-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16]-,=[#6,#8,#7,#16;A]-,=[#6]1-,=2

	feature_32
	[H][#7;X3+0,X4+;!$([N]~[!#6]!$([N]*~[#7,#8,#15,#16])]-[#6;a]

	feature_33
	[H][#7;X3+0,X4+;!$([N]~[!#6])][#7;A;X3]([H])[#6;a]

	feature_34
	[#6]-[#16;X2][#6;A;H2X4][#6;A@H;X4]([#7;A;H2X3])[#6](-[#8-])=O

	feature_35
	[#6;a][#6;A;H2X4][#6;A;H2X4][#7;A;X3+0,X4+;!$([N]~[!#6]!$([N]*!@[#7,#8,#15,#16])]

	feature_36
	[#8;A;X2H1,X1-][#7;A;H1X3]!@-[#6]=,:1[#6]=,:[#6][#6]=,:[#6][#6]=,:1

	feature_37
	[H][#8]-[#7;X3](-[#6;X3]([#6;A;H3X4])=[O;X1])!@-[#6;X3]-1=[#6]-[#6]=[#6]-[#6]=[#6]-1

	feature_38
	[#6]-[#6;X4]-1-[#8]-[#6;X4]-1-[#1,#6,#7,#8]

	feature_39
	[#6][S;X2H1]

	feature_40
	[#8;X2]-1-[#6;X3]-2=[#6;X3]-1-[#6]=[#6]-[#6]=[#6]-2

	feature_41
	[H][C;X4]([#1,#6])([F,Cl,Br,I])[*,#1]

	feature_42
	[H][#6;X3](-[F,Cl,Br,I])=[#6;X3]([*,#1])-[*,#1]

	feature_43
	[#6]-[#6;X3](Cl)=[O;X1]

	feature_44
	[#6]-[#7]=[#6]-[H1X2;O,S]

	feature_45
	[H][#6;X3R1]-1=[#6;X3R1]-[#6;R1](=[!#1!#6;R0;OX1,NX2])-[#6;X3]=[#6;X3]-[#6;R1]-1=[O;X1]

	feature_46
	[H][#6;X3](-*)=[#6;X3]([$([CX3;$([R0][#6]),$([H1R0])](=[OX1])[OX2][#6;!$(C=[O,N,S])]),$([$([CX3H][#6]),$([CX3H2])]=[OX1]),$([#6][CX3](=[OX1])[#6])])-[*,#1]

	feature_47
	[#6]-[#7;X2]=[C;X2]=[O;X1]

	feature_48
	[#6]-[#7;X2]=[C;X2]=[S;X1]

	feature_49
	[!#1!#6;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)]~[#6]1=,:[#6][#6]=,:[#6](-[F,Cl,Br,I])[#6](~[#1,!#6;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6]1

	feature_50
	[#1,!#6;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)]-[#6]=,:1[#6]=,:[#6][#6](-[F,Cl,Br,I])=,:[#6]([!#1!#6;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])[#6]=,:1

	Feature
	SMARTS

	feature_51
	[$([H][#8]-[#6]=,:1[#6]=,:[#6](-[F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])[#6]=,:[#6][#6]=,:1-[F,Cl,Br,I]),$([H][#8]-[#6]=,:1[#6]=,:[#6][#6](-[F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6][#6]=,:1-[F,Cl,Br,I]),$([H][#8]-[#6]1=,:[#6][#6](-[F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6][#6](-[F,Cl,Br,I])=,:[#6]1),$([H][#8]-[#6]1=,:[#6](-[F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])[#6]=,:[#6][#6]=,:[#6]1-[F,Cl,Br,I]),$([H][#8]-[#6]=,:1[#6]=,:[#6][#6](-[F,Cl,Br,I])=,:[#6](-[F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])[#6]=,:1),$([H][#8]-[#6]1=,:[#6][#6]=,:[#6][#6](-[F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6]1-[F,Cl,Br,I])]

	feature_52
	[H][#6;R1]-1=[#6]-[#6]=[#6;R1]-[#6;R1](=[O;X1R0])-[#6;R1]-1=[O;X1R0]

	feature_53
	[H][#6]-1=[#6]-[#6;R1](=[O;X1R0])-[#6;R1]=[#6;R1]-[#6;R1]-1=[O;X1R0]

	feature_54
	[F,Cl,Br,I]-[#6;R1]=,:1[#7;R1]=,:[#6;R1][#7;R1]=,:[#6;R1][#7;R1]=,:1

	feature_55
	[H][#6;R1]1=,:[#6;R1][#6;R1](-[R0;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6;R1](-[R0;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])[#6;R1]=,:[#6;R1]1-[R0;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)]

	feature_56
	[H][#6;R1]=,:1[#6;R1](-[R0;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6;R1][#6;R1](-[R0;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)])=,:[#6;R1][#6;R1]=,:1-[R0;F,Cl,Br,I,$([N+]),$([#7;X3+](-[#8;X1-])=[O;X1]),$([#6]~[C;X4](F)(F)F),$([C;X4](Cl)(Cl)Cl),$([S;X4]([#8;A;X1-,X2H1])(=O)=O),$([#6]=O),$(C#N)]

	feature_57
	[bookmark: _GoBack][H][#8;X2]-[#6;X3](-[#6;$([#7;A;R0]-,=[#6;A;R0]-,=[#6;A;R0]-,=[#6;A;R0]),$([#7]-[#6;A;X3]=[#6;A]-[#6]=,:1[#6]=,:[#6][#6]=,:[#6][#6]=,:1)])=[O;X1]

	feature_58
	[c;a;R1]-[#6;X3](-[OX2H1,OX1-])=O

	feature_59
	[H][#8;A;X2][#6;R1]1=,:[#6;R1](-[*,#1;!$([OX2H1])])[#6;R1](-[*,#1])=,:[#6;R1](-[*,#1])[#6;R1](-[*,#1;!$([OX2H1])])=,:[#6;R1]1[#8;A;X2][H]

	feature_60
	[H][#8;A;X2][#6;R1]1=,:[#6;R1]([H])[#6;R1]([H])=,:[#6;R1](-[!#8])[#6;R1]([H])=,:[#6;R1]1[#8;A;X2][H]

	feature_61
	[H][#8]-[#6]1=,:[#6]([H])[#6]([H])=,:[#6](-[!#8])[#6]([H])=,:[#6]1-[#8][H]

	feature_62
	[#6]-[#16;R0;X2H1+0,X1-1]

	feature_63
	[#16;A;H1X2][c;R1]1[n;R1][c;R1][n;R1][c;R2]2[n;R1][c;R1][n;R1][c;R2]12

	feature_64
	[#6]-[#16;X2+0;R0]-[#6]



