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1

QM calculations of model systems: Three trimmed systems were modeled to study the preferred attack angle of the methyl group in the nucleophilic addition step. The initial TS structures of dC and AZA-2 systems were established based on the QM/MM optimized TS3 structures of AZA and dC-containing systems. The initial TS structure of the AZA-1 system was built manually. The transition states and IM2 were optimized in water using the B3LYP/6-31G* method. All the QM calculations were performed using the Gaussian 161 software.
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Figure S1. (A) The energy profiles and (B-D) optimized TS structures for the model systems. The Φ2 (N3-C4-C5-SAM@C5) with cyan dihedral representations were indicated separately under Panels B-D. The key distances were annotated using yellow dashes. 


Table S1. The detailed key distances and dihedral from reactant state to IM3 in the DNMT3A-DNAdC system (unit=Å, dihedral unit=°).
	 
	Distance detail
	R
	TS1
	IM1
	TS2
	IM2
	TS3
	IM3

	d1
	Cys710@SG-Cys710@HG
	1.37
	1.61
	1.93
	2.24
	2.43
	2.51
	2.59

	d2
	Cys710@HG-WAT@O
	1.77
	1.26
	1.05
	0.99
	0.97
	0.97
	0.97

	d3
	WAT@H2-dC304@OP1
	1.84
	1.67
	1.44
	1.24
	1.06
	1.06
	1.05

	d4
	Cys710@SG-dC304@C6
	3.48
	3.44
	3.39
	2.34
	2.02
	1.99
	1.88

	d5
	Glu756@ HE2-Glu756@OE2
	1.04
	1.04
	1.04
	1.36
	1.64
	1.18
	1.03

	d6
	dC304@ N3 -Glu756@HE2
	1.62
	1.61
	1.6
	1.29
	1.06
	1.4
	1.68

	d7
	dC304@C5-SAM@C5
	3.27
	3.31
	3.33
	3.37
	3.38
	2.31
	1.54

	d8
	SAM@C5-SAM@S
	1.80
	1.81
	1.81
	1.8
	1.81
	2.28
	3.38

	Φ1
	dC304@H6-C6-C5-N1
	0.92
	0.92
	1.35
	-31.27
	-43.06
	-61.17
	-80.72

	Φ3
	SAM@H7-C5-H8-H9
	-125.9
	-126
	-125.67
	-124.41
	-124.1
	-172.62
	118.76




Table S2. The detailed key distances and dihedral from reactant state to IM3 in the DNMT3A-DNAAZA system (unit=Å, dihedral unit=°).
	 
	Distance detail
	R
	TS1
	IM1
	TS2
	IM2
	TS3
	IM3

	d1
	Cys710@SG-Cys710@HG
	1.37
	1.55
	1.96
	2.11
	2.43
	2.47
	2.58

	d2
	Cys710@HG-WAT@O
	1.51
	1.31
	1.04
	1.00
	0.97
	0.97
	0.97

	d3
	WAT@H2-AZA@OP1
	1.59
	1..56
	1.35
	1.15
	1.06
	1.06
	1.05

	d4
	Cys710@SG-AZA@C6
	3.34
	3.33
	3.17
	2.46
	1.95
	1.96
	1.90

	d5
	Glu756@HE2-Glu756@OE2
	1.02
	1.02
	1.04
	1.41
	1.61
	1.07
	1.03

	d6
	AZA@N3-Glu756@HE2
	1.71
	1.70
	1.62
	1.14
	1.07
	1.54
	1.65

	d7
	AZA @N4-SAM@C5
	3.27
	3.27
	3.17
	3.27
	3.03
	2.16
	1.49

	d8
	SAM@C5-SAM@S
	1.80
	1.80
	1.80
	1.80
	1.81
	2.27
	3.22

	Φ1
	AZA @H6-C6-N4-C5
	178.56
	-179.43
	-178.71
	162.37
	136.08
	159.01
	167.90

	Φ3
	SAM@H7-C5-H8-H9
	-124.51
	124.53
	-124.61
	-124.75
	-125.15
	-173.15
	119.02




[bookmark: _Hlk136707988]Table S3. The detailed key distances and dihedral from reactant state to IM3 in the DNMT3A-DNAZEB system (unit=Å, dihedral unit=°).
	 
	Distance detail
	R
	TS1
	IM1
	TS2
	IM2
	TS3
	IM3

	d1
	Cys710@SG-Cys710@HG
	1.35
	1.54
	1.97
	2.25
	2.47
	2.47
	2.58

	d2
	Cys710@HG-WAT@O
	1.89
	1.32
	1.03
	0.98
	0.97
	0.97
	0.97

	d3
	WAT@H2- ZEB@OP1
	2.00
	1.56
	1.36
	1.09
	1.06
	1.05
	1.05

	d4
	Cys710@SG-ZEB@C6
	3.50
	3.38
	3.20
	2.37
	1.94
	1.95
	1.88

	d5
	Glu756@HE2-Glu756@OE2
	1.03
	1.02
	1.03
	1.42
	1.53
	1.06
	1.01

	d6
	ZEB@N3-Glu756@HE2
	1.6
	1.68
	1.6
	1.11
	1.08
	1.54
	1.71

	d7
	ZEB@C5-SAM@C5
	3.34
	3.40
	3.32
	3.32
	3.34
	2.29
	1.56

	d8
	SAM@C5-SAM@S
	1.81
	1.80
	1.80
	1.80
	1.81
	2.30
	3.42

	Φ1
	ZEB@H6-C6-C5-N1
	-178.24
	-177.90
	-178.18
	147.63
	125.68
	140.35
	153.68

	Φ3
	SAM@H7-C5-H8-H9
	-125.37
	-124.76
	-125.15
	-124.20
	-124.78
	-174.46
	118.00
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Figure S2. The RMSD of the IM3 structures in (A) 5mdC and (B) 5mZEB containing systems.
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Figure S3. The RDF plot for the two systems. The X-axis refers to the distance between the oxygen atom of the water molecule and the H5 atom of (A) 5m-dC and (B) 5m-ZEB, respectively. The Y-axis presents the radial distribution function of the oxygen atoms.
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Figure S4. The two conformational clusters of 5mdC-Cys710 found in the 5mdC simulation. (A) The detailed structure information shown by the superimposed structures. Two clusters were distinguished by the dihedral Φ4 (C5-C6-SG-CB) and shown by black (cluster1) and red (cluster2) lines, respectively. The oxygen atoms of the nearest water molecules to H5 of 5mdC were shown by the VDW representation. The representative structures from cluster1 and cluster2 were shown in panels B and C (rotated 90° from panel B). The cluster oxygen atoms of the nearest water molecules were shown per panel B and C for clarity.


[bookmark: _Hlk136708965]Supporting Coordinate File (CF): The coordinate file of all reactants, products, IMs, and TSs calculated in this work were stored in the CF.pse file (compressed as CF.7z), which can be opened by Pymol (https://pymol.org/2/).
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