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Experimental section

Protein expression and purification. Expression and purification of NTMT1, G9a, SETD?7,
PRMT1, PRMT3, NNMT, and 7ThPRMT7 was performed as previously described [1-7].

NTMT1 biochemical assays. A fluorescence-based SAHH-coupled assay was applied to
study the ICso values for all the compounds. The assay was performed under the following
conditions in a final well volume of 40 uL: 5 mM Tris (pH = 7.5), 50 mM KCl, 0.01% Triton
X-100, 5 uM SAHH, 0.2 uM NTMT1, 100 uM SAM, and 15 pM ThioGlo1; or 25 mM Tris
(pH 7.5), 50 mM KCl, 0.01% Triton X-100, 10uM SAHH, 0.1uM NTMTT1, 100 uM SAM, and
10 uM ThioGlo4. The inhibitors were added at concentrations ranging from 0.15 nM to 10 uM.



After 10 min incubation, reactions were initiated by the addition of 0.5 uM GPKRIA peptide.
Fluorescence was monitored on a BMG ClariOtar microplate reader with excitation 370 nm
and emission 500 nm (for Thioglo 1), or excitation 400 nm and emission 465 nm (for Thioglo
4). Data were processed by using GraphPad Prism software 8.0. For the inhibition mechanism
studies were performed as previously described [6].

Selectivity assays. The selectivity studies of G9a, SETD7, PRMT1, NNMT, and 7ThbPRMT?7
were performed as previously described [8,9].

Cellular N-methylation level. HCT116 cells were seeded 40,000 cells/well on 24-well plates
in the presence of 1x PBS or DC541 at different concentrations for 3 days. Then cells were
lysed in 1x RIPA cell lysis buffer (25 mM Tris-HCL, pH 7.6, 150 mM NaCl, 1% NP-40, 1%
sodium deoxycholate, 0.1% SDS, protease inhibitors) and incubated for 30 min on ice. The cell
lysates were centrifuged at 15,000 rpm for 10 min and the precipitates were removed. The
concentration of total protein was quantified by bicinchoninic acid (BCA) protein assay kit
(ThermoFisher, #23228). Equal amounts of total protein were mixed with 4x loading dye and
loaded onto a 12.5% SDS-PAGE gel and separated. The gel was transferred to a
polyvinylidene difluoride (PVDF) membrane using the BioRad Trans-Blot Turbo system. The
membrane was then blocked for 1h in 5% milk TBST solution and washed with 1x TBST
solution three times. The membrane was incubated with the anti-me3-SPK antibody at 4 °C for
12 h, washed with 1x TBST solution three times, and then incubated with Rabbit IgG-HRP
antibody (Cell Signaling, #7074S) for 1 h at room temperature. The membrane was washed
with 1x TBST solution three times and detected using a Protein Simple FluorChem imaging
system. Image quantification was done using ImagelJ software (NIH). All bands were compared
to the respective untreated control, which was set at 1.0.

Cell viability assay. HCT116 cells were seeded as 5,000 cells/well on 96- well plates in the
presence of 1x PBS or DC541 at different concentrations for 24, 48, or 72 hours. Cell viability
was assessed using 0.2 mg/ml resazurin solutions prepared from resazurin sodium salt (Acros
Organics™, AC418900050) dissolved in sterile 1 x PBS. Then, the cells were incubated with
10 pl resazurin solution (10% of cell culture volume) for four hours at 37 °C. The fluorescence
was measured using a CLARIOstar microplate reader (Ex = 540 nm, Em = 620 nm) at 37 °C.
Cell viability was calculated as 100% x (fluorescence of treated cells — fluorescence of
background controls) / (fluorescence of 1x PBS controls — fluorescence of background
controls).

Molecular Modeling. Multisite A-dynamics calculations were run in the CHARMM molecular
simulation package at 25° C and 1 atm in the isothermal-isobaric ensemble [10,11]. Initial
starting coordinates were obtained from the crystal structure of DC113 bound to NTMT1
(PDBID: 7K3D) [9]. Ligands were manually built in UCSF Chimera [12]. Protein and ligand
components were represented with CHARMM36 and CGenFF force field parameters [13-17],
respectively, and the complex was solvated within a cubic box of TIP3P water molecules with
the CHARMM-GUI [18,19]. Enough Na" and CI" ions were added to neutralize the system
and provide an ionic concentration of 0.1 M. Long range interactions were smoothed to zero
with force switching between 10.0 — 12.0 A and soft-core non-bonded potentials were used to
avoid endpoint singularities for alchemical sampling [20,21]. Prior to MSAD production
sampling, the system was minimized with 500 steps of steepest descent minimization, and A-
biases were determined over a total of 153 ns of sampling with the Adaptive Landscape
Flattening algorithm [21]. Five replicate MSAD production runs of 25 ns each were performed
to determine the final relative free energy differences. Relative free energies of binding were
then converted into absolute values for easier comparison to experiment [22]. Figures were
made with PyMOL [23].



Parallel Artificial Membrane Permeability Assay [24,25]. The PAMPA assay was
performed with Corning BioCoat pre-coated PAMPA plate system (Corning 353015). The
stock solutions in 10 mM DMSO was diluted with PBS to a final concentration of 200 uM with
2% DMSO (v/v). Verapamil was added as a control. The pre-coated PAMPA plate system was
warmed to room temperature and the donor plate (bottom) was filled with 300 pL of the diluted
sample solution while the acceptor plate (top) was filled with 200 pL of the buffer. The acceptor
plate was slowly lowered into the receiver plate and the assembly was incubated at room
temperature for 5 h. The plate sandwich was separated and the concentration of the sample in
both the donor and receiver plate was determined by UV spectrometry using CLARIOstar plate
reader set at 254 and 280 nM. The permeability of each compound was calculated using the
formula:
_ _In[l - CA (t)/Cequilibrium]
ARV +1/V,) * t
Cequilibrium =[Cp () * Vp +C4(t) = Vu /(A * (Vp +V,)

Where

Cb (¢) = compound concentration in donor well at time t.
Ca () = compound concentration in acceptor well at time t.
Vb = donor well volume

Va = acceptor well volume

A = filter area

t = incubation time

MS characterization of compounds.

Compound 1a (GD556). MALDI-MS (positive) m/z: calcd for C20H33BrN4O3 [M + H]" m/z
567.1716, found m/z 567.3305.

Compound 1b (GD558). MALDI-MS (positive) m/z: calcd for C20H33BrN4O3 [M + H]" m/z
567.1716, found m/z 567.3351.

Compound 1¢ (GD560). MALDI-MS (positive) m/z: calcd for C3oH3sN4O3 [M + H]" m/z
501.2821, found m/z 501.4417.

Compound 1d (GD562). MALDI-MS (positive) m/z: caled for C31H3sN4O3 [M + H]" m/z
515.2944, found m/z 501.4635.

Compound 1e (GD573). MALDI-MS (positive) m/z: calcd for C32HaoN4O3 [M + H]" m/z
529.3100, found m/z 529.4910.

Compound 1f (GD564). MALDI-MS (positive) m/z: calcd for C30H42N4O3 [M + H]" m/z
507.3257, found m/z 507.4806.

Compound 1g (GD566). MALDI-MS (positive) m/z: calcd for C30H3sBrN4O3 [M + H]" m/z
579.1893, found m/z 579.3701.

Compound 1h (GD568). MALDI-MS (positive) m/z: calcd for C30H3sBrN4O3 [M + H]" m/z
581.1872, found m/z 581.3701.

Compound 1i (GD589). MALDI-MS (positive) m/z: calcd for C31H3sN4O3 [M + H]" m/z



529.2944, found m/z 529.4852.
Compound 1j (GD590). MALDI-MS (positive) m/z: calcd for C37H42N4O3 [M + H]" m/z
591.3257, found m/z 591.5327.
Compound 1k (GD591). MALDI-MS (positive) m/z: caled for C37H42N4O3 [M + H]" m/z
591.3257, found m/z 591.5327.
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Supplemental Table S1. MSAD Computed vs. Experimental Binding Free Energies
(kcal/mol).

Ligand Name Expt. AGhina= 6 MSAD AGhing = 6

DC541 -8.82+0.07 -8.36+0.24
1a (GD556) -9.24 + 0.04 -9.50 +£0.24*
1b (GD558) -9.20 +£0.03 -8.71£0.12°
1c (GD560) -8.24 £ 0.03 -8.39+0.18
1d (GD562) -8.23 £ 0.04 -8.11+0.18
le (GD573) -8.44 +0.01 -8.81 £0.22
1f (GD564) -8.22 £ 0.03 -8.02 £0.13
1g (GD566) -8.51 £0.04 -8.83 +£0.33
1h (GD568) -8.30+0.07 -8.47+0.14
Mean Unsigned Error 0.28

Pearson R 0.71

# with o-hole lone pair AGvind(1b) =-9.61 + 0.40
b with o-hole lone pair AGbvinda(1¢) = -8.70 = 0.12

6.3

60 | ¥ 08674x+12957 lig @ld
: R2=0.5554

5.8 = ® .. ‘lg

®
ot
.

.
o™

Average COM Distance (A)
()

94 92 9.0 -8.8 -8.6 -8.4 -8.2 -8.0
Expt. AGy;,q (kcal/mol)
Supplemental Figure S1. Correlation between experimental binding affinities and average

computed center of mass (COM) distances between C-region substituent rings and the phenyl
ring of Tyr215.
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