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Table S1. The oligonucleotides used in this study.

12bp-CpG containing
dsDNA

Sequence

unmethylated
dsDNA- [C/C]

top strand: 5'-FAM-TACGACCAGGAT-3'
bottom strand: 5'-ATCCTGGTCGTA-3'

hemi-methylated
dsDNA- [M/C]

top strand: 5'-FAM-TASmCGACCAGGAT-3'
bottom strand: 5'-ATCCTGGTCGTA-3'

substrate for DNMT1

fully-methylated
dsDNA-[M/M]

top strand: 5'-FAM-TASmCGACCAGGAT-3'
bottom strand: 5'-ATCCTGGT5mCGTA-3'

product for DNMT1
substrate for TET2

fully-hydroxymethylated
dsDNA-[H/H]

top strand: 5'-FAM-TAShmCGACCAGGAT-3'
bottom strand: 5'-ATCCTGGT5hmCGTA-3'

main product for TET2

fully-carboxylated
dsDNA-[caC/caC]

top strand: 5'-FAM-TA5caCGACCAGGAT-3'
bottom strand: 5'-ATCCTGGT5caCGTA-3'

final product for TET2

16nt GGACU motif
containing RNA

Sequence

unmodified RNA

5'-FAM-GAACCGGACUGUCUUA-3',

substrate for METTL3/14
product for ALKBH5

m6A-modified RNA

5'-FAM-GAACCGGmMGBACUGUCUUA-3’,

substrate for ALKBH5
product for METTL3/14
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Figure. S1. Titration of the fluorescence-labeled oligonucleotides at different
modification statuses with methyl-binding proteins. (A) untagged MBD1 with [C/C]
(unmethylated DNA), [H/H] (fully-hydroxymethylated DNA), [caC/caC] (fully-
carboxylated DNA), [M/C] (hemi-methylated DNA), and [M/M] (fully-methylated
DNA) in 150 mM NacCl, (B) tri-MBD1 with [C/C], [H/H], [caC/caC], [M/C], and [M/M]
in 150 mM NaCl. (C) tri-MBD1 with [H/H] and [caC/caC] in 300 mM NaCl. M, H,
caC, C, represent methylated, hydroxymethylated, carboxylated, and unmodified
cytosine in dsDNA. (D) YTH domain containing proteins-YTHDF1, YTHDF2,
YTHDC1 with m®A modified RNA and unmodified RNA in 150 mM NaCl. (E) GST-
YTHDF1 with m°®A modified RNA and unmodified RNA in different concentrations of

NaCl. All samples were performed in triplicate. The error bars were showed as mean =+

SD (n=3).



>

DNMT1 at OmM NaCl

DNMT1 at 150mM NaCl

DNMT1 at 400mM NaCl

300 300 300
= T - fully-methylated DNA  [M/M] T full
. - y-methylated DNA [M/M]
E £ — hemi-methylated DNA  [M/C] 3 ~ hemi-methylated DNA [M/C]
g 200 £ 200 £ 200
= =1 p=)
8 8 3
; = fully-methylated DNA [M/M] 5 5
¢ 100 ~ hemi-methylated DNA [M/C] £ 100 € 100
=y 2 2
w w w
) 100 200 300 ) 100 200 300 ) 100 200 300
DNMT1 Concentration (nM) DNMT1 Concentration (nM) DNMT1 Concentration (nM)}
D METTL3/14 at OmM NaCl E METTL3/14 at 150mM NaCl F METTL3/14 at 250mM NaCl
300 300 300
E E - ur;modified RNA E = unmodified RNA
w g - - ifi - - mBA ifi
200 7200 m"A-modified RNA % 200 mPA-modified RNA
3 3 3
E -~ unmodified RNA E E
< 100 -~ mPA-modified RNA T 100 S 100
2 2 2
[72} w w
"o 100 200 300 0 100 200 300 0 100 200 300
METTL3/14 Concentration (nM) METTL3/14 Concentration (nM) METTL3/14 Concentration (nM)
G TET2 at 300mM NaCl H ALKBHS at 250mM NaCl
300 300
T - fully-methylated DNA [M/M] T - unmodified RNA
£ -~ fully-hydroxymethylated DNA [H/H] £ - méA-modified RNA
@ 200 @ 200
c c
= =
8 8
T 100 T 100
Rl Ry
wy w)

100 200
TET2 Concentration (nM)

300

100 200
ALKBHS5 Concentration (nM)

300

Figure. S2. FP binding curves of the enzymes. DNMT1 in a buffer containing (A) 0

mM, (B) 150 mM, (C) 400 mM NaCl. METTL3/14 in a buffer containing (D) 0 mM,

(E) 150 mM, (F) 250 mM NaCl. (G) TET2 in a buffer containing 300 mM NacCl. (H)

ALKBHS in a buffer containing 250 mM NaCl. All samples were performed in

triplicate. The error bars were showed as mean + SD (n = 3).
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Figure. S3. Equation derivation according to the binding model of methyl-binding
protein while reaction proceeds. The calculationignores the impact of enzyme bind to
the fluorescence-labeled oligonucleotides. In the equations, 4, B, P represent substrate,
product, and methyl-binding proteins, respectively. 4P and BP represent the association
form. K4 and Kjp represent the dissociation constant of substrate and product,
respectively. mPyq and mP,,;, represent the maximum and minimum FP signal in the
FP binding assay. [P] is the concentration of methyl-binding protein in free-state. Pioza,
Aotal, and Biosq are the sum of free from and association form of P, 4, and B, respectively.

B . .
total _ yepresents the percentage of substrate conversion. AFP signal represent the

AtotaltBtotal

signal window (dynamic range) of the assay. FP signal represent fluorescence

polarization signal value of the system.



A B
100 30,
DNMT1 (Ellagic Acid) ALKBHS (Quercetin)
s 80 s
i =
ERN 1S ] {2
2 =2
© ()
> 40 > b 1 !
L_)'" L_;:10-{
20
0 (i}
0 25 50 75 100 0 50 100 150 200
SAM concentration (pM) 2-0G concentration (uM)
SAM 2-0G
M) 1 5 10 50 100 M) 2 5 20 50 200
Ic,, 6644 70.80 67.71 67.15 68.50 Ic,, 919 1230 1269 1289 11.75
(M) 1398 +4.21 %593 +560 +7.94 GM) 4099 +0.21 +1.57 %094 +1.51
C D
25 200, 2-0G
- ; o
= 20 TET2 (Quercetin) £
e + 1501
ot
g 15 :
© [
> 10 } S 100;
3 g
o §!; ! (=]
5 K=,
@ 5o,
0
0 500 1000 1500 2000 2 -1 0 1 2
2-0G Concentration (pM) Log[ Quercetin ] (uM)
220G 5, 190 200 1000 2000
(M)
Ic,, 553 591 647 722 979
(BM) 1074 1033 +0.45 +0.44 +1.66

Figure. S4. The 1Cso of (A) ellagic acid in DNMT1 assay, (B) quercetin in ALKBHS
assay, (C) quercetinin TET2 assay and (D) quercetin inhibition curves of TET2. The

reactions were performed in triplicate. The error bars were showed as mean = SD (n =

3).
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Figure. S5. Counter screen and enzyme binding assay of hit compounds. (A) Ellagic
acid didn’t interference the assay (blue lines), and disturbed the DNA-DNMT1
interaction in the FP binding assay of DNMTI1 (red lines). (B) Quercetin didn’t
interference the assay (blue lines). And the compound didn’t affect the RNA binding of

ALKBHS (red lines). All samples were performed in triplicate. The error bars were

showed as mean + SD (n = 3).
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Figure. S6. The kinetic parameters determination of DNMT1 (A) for SAM, (E) for
DNA, TET2 (B) for 2-OG, (F) for DNA, METTL3/14 (C) for SAM, (G) for RNA, and
ALKBHS (D) for 2-OG, (H) for RNA. (I) The table is the summary of the
measurements. All samples were performed in triplicate. The error bars were showed

as mean £ SD (n = 3).
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Figure. S7. (A) Workflow of screening and counter screening. (B) Cpdl1 is a typical

example compound we found that interfere the assay (DNA binder). The cpdl interfere

the assay and resulted in aberrant FP signal and fluorescence quenching (FI signal) in

the presence of only compounds and DNA without enzymes. (C) The cpdl have no

significant interference to both FP and FI value of an N terminal FITC-labeled

FSSNRQKILERTETLNQEWKQR peptide. (D) The aberrant FP signal and

fluorescence quenching caused by cpdl could be reversed by 10 uM unlabeled DNA.



