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A. SUPPORTING INFORMATION FIGURES S1-S5
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Figure S1. Forward commitment (C;) for the hPNMT reaction. C; was measured by the
substrate trapping method® using [8-*C]SAM. hPNMT, human phenylethanolamine N-
methyltransferase; SAH, S-adenosyl-L-homocysteine; ES, hPNMT=S-adenosyl-L-methionine
complex; SAM, S-adenosyl-L-methionine.
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Figure S2. GS model for SAM used in the KIE calculations. (a) Minimized structure
(Gaussian 09, RB3LYP/6-31g(d) theory)® of the diethyl(methyl)sulfonium GS used in the TS
analysis. Values for the 5'-°H, and 5'-“C KIEs were calculated for the pro-S methylene group of
the diethyl(methyl)sulfonium model, as this position corresponds to the 5’ carbon in the full SAM
structure. (b) Full structure of the low-energy conformer of SAM taken from the PubChem
database.® GS, ground state; SAM, S-adenosyl-L-methionine; KIE, kinetic isotope effect; TS,
transition state. Atom colors are: hydrogen, white; carbon, black; oxygen, red; nitrogen, blue;
sulfur, yellow.
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Figure S3. Conformation of SAH and SAM when bound to hPNMT. (a) Structure of SAH in
ternary complex with hPNMT and norepinephrine; coordinates taken from PDB: 3HCD.* (b)
Structure of SAM in ternary complex with hPNMT and the inhibitor 3-hydroxymethyl-7-nitro-
THIQ; coordinates taken from PDB: 2G70.° (c) Overlay of bound structures for SAH (PDB:
3HCD)* and SAM (PDB: 2G70).° SAH, S-adenosyl-L-homocysteine; SAM, S-adenosyl-L-
methionine; hPNMT, human phenylethanolamine N-methyltransferase; PDB, protein databank.
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Figure S4. Comparison of TS structure model and bound conformation of SAM. (a) TS
structure model for hPNMT shown in Figure 2 of the main text. (b) Structure of SAM in ternary
complex with hPNMT and the inhibitor 3-hydroxymethyl-7-nitro-THIQ; coordinates taken from
PDB: 2G70.° TS, transition state; SAM, S-adenosyl-L-methionine; hPNMT, human phenyl-
ethanolamine N-methyltransferase; PDB, protein databank. Atom colors are: hydrogen, white;
carbon, black; oxygen, red; nitrogen, blue; sulfur, yellow.
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Figure S5. Structure of the methyltransferase inhibitor sinefungin.
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B. SUPPORTING INFORMATION TABLE S1 AND TABLE S2

Bond length in TS model (A) Bond order in TS model

hPNMT NSD2" DNMT1® hPNMT  NSD2° DNMT1®
Cne—S 2.26 2.53 2.29 0.62 0.38 0.52
Cue—N(C% 2.18 2.10 2.22 0.31 0.48 0.34

Table S1. Bond lengths and bond orders for the hPNMT TS structure model. Values for
hPNMT correspond to the TS structure shown in Figure 2 of the main text. ®In the case of
DNMT1, the methyl-acceptor is C5 of cytosine. *Values taken from Poulin et al.® “Values taken
from Du et al.” TS, transition state; hPNMT, human phenylethanolamine N-methyltransferase.

A
GS s (TS-GS)
s 0.896 0.547 0349
CH; 0017 0.205 0.188

Table S2. NBO calculations for the GS structure of the diethyl(methyl)sulfonium SAM
mimic and the hPNMT TS model. Charge values for the sulfur (S) of SAM and the transferring
methyl group (CH3) were read directly from the .log file of the NBO calculations. Charges values
for CH; are the sum of the individual charges on the methyl carbon atom and each proton. GS,
ground state; TS, transition state; NBO, natural bond orbital; SAM, S-adenosyl-L-methionine.
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C. METHODS

Expression and purification of wild-type hPNMT. A synthetic gene was designed for hPNMT
(NCBI Gene ID: 5409) and purchased from DNA2.0 Inc. (Menlo Park, CA) in a pJexpress414
expression vector. The N-terminus of the encoded protein was modified with the addition of 19
amino acids, including a Hisg tag and a thrombin cleavage site. Conditions for the heterologous
expression of hPNMT in E. coli (One Shot® BL21 Star™ (DE3) cell line) and purification were
adapted from Qian et al.® Briefly, a 25 mL starter culture in LB-ampicillin (100 pg/mL) medium
was incubated overnight at 37 °C. The next day, 12 mL of the starter culture was diluted in 2 L
of fresh LB-ampicillin (100 pg/mL) and incubated at 37 °C to ODggo = 0.6. Protein expression
was induced by the addition of 1 mM isopropyl-p-thiogalactoside and the culture was incubated
overnight at 28 °C. The next day, cells were harvested via centrifugation and resuspended in 30
mL of Buffer A (50 mM sodium phosphate, 300 mM NaCl, 10 mM imidazole, pH = 8.0).
Lysozyme and DNAse were added to the cell suspension and the mixture was incubated at 4 °C
for 40 min. Cells were lysed via sonication and cell debris was removed by centrifugation.
Cleared cell lysate was poured over a column of Ni-NTA resin (Qiagen), which had been pre-
equilibrated with Buffer A. The resin was washed with five column volumes of Buffer A and the
protein was eluted with a step gradient of imidazole (30 mM, 50 mM, 100 mM, 250 mM, and
500 mM) in the same buffer system. Fractions containing hPNMT were identified via SDS-
PAGE, pooled, and exchanged into 20 mM Tris—HCI, 1 mM EDTA, 0.5 mM DTT, 15% glycerol
v/v, pH = 7.2 via dialysis. The pure protein was concentrated to 149 uM and stored at —80 °C.

Synthesis of isotopically labeled SAM substrates. Seven SAM substrates were prepared as
previously described®’ with isotopes incorporated at either isotopically sensitive ([methyl->Hs],
[methyl-**C], [*°S, 8-*C], [5"-*H,], and [5’-**C]) or remote positions ([1-*H] and [8-**C]). The
SAM substrates were accessed via a chemoenzymatic approach in which ATP intermediates
were synthesized in 4—7 enzymatic steps from isotopically labeled commercial material. The
ATP intermediates were purified and used to synthesize the corresponding SAM substrates using

the human SAM synthetase MAT2A, as summarized in the schematic below.



Stratton, et al. Supporting Information Page S7

DH MH,

P HOTR 0 o M "
| HDML-DH L " _J\N_,J 4-7 rlde H., M NH
! OH o H enzymatic Ny o 7 Ny
i [6-9C] glucose | ¢ [B-1%C] adenine steps FHOPH0. .l J MAT2A -G"’I%uf"ﬂjif? . E J
[ [ : NT™ . N~
.. LT = [ s - NH, 0
: OH i1 HO : — 7 —r
DO s I R OH OH OH OH
THO TR0, i
: HDLFL oM | OH ATP { SAM
H OH . OH OH
| [6-*H]glucose || [1-3H] ribose gTTTTITIT T TTTTTTeSTIInessssassssssssssiossssoososssooe -
[ S J " (8]
) JL 5. H ,JL H
HO™ n.:.a o \.F:-'_ HO «.._/"“‘«.._, C‘. HO »._—"' e ‘-\-..( H
NH, H NH, qH NH, H
[Me-IHz] methionine [Me-14C] mathionina [*85] methionina

Schematic overview of synthetic route to isotopically labeled SAM substrates. The
colored positions indicate where individual isotopes were incorporated into separate SAM
molecules. ATP, adenosine triphosphate; SAM, S-adenosyl-L-methionine; MAT2A, human SAM
synthetase.

Synthesis of isotopically labeled ATP intermediates. Synthesis of the ATP intermediates was
carried out as previously described.” [5-H,]JATP and [5-**C]JATP were prepared from
[6"-*H]glucose and [6"-*C]glucose, respectively. The conditions for these syntheses were: 2 mM
glucose (total concentration of labeled + unlabeled glucose), 2.1 mM adenine, 100 uM ATP,
10 mM MgCl,, 5 mM NADP*, 30 mM phosphoenolpyruvate (PEP), 50 mM KCI, 100 mM
phosphate buffer (pH 7.4), with 1 U-mL™ hexokinase (HK), 5 U-mL™ myokinase (MK),
1 U-mL? glucose-6-phosphate dehydrogenase (G6PD), 1 U-mL' 6-phosphogluconate
dehydrogenase (6PGD), 5 U-mL™* phosphoriboisomerase (PRI), 10 U-mL™* pyruvate kinase
(PK), 5 U-mL™ phosphoribosylpyrophosphate synthetase (PRPPase), and 5 U-mL™ adenine
phosphoribosyltransferase (APRTase).

[1"-*H]ATP was prepared from [1’-*H]ribose using the conditions: 2.0 mM ribose (total
concentration of labeled + unlabeled ribose), 2.1 mM adenine, 0.1 mM ATP, 30 mM PEP,
10 mM MgCl,, 50 mM KCI, 100 mM phosphate buffer (pH 7.4), with 5 U-mL* RK, 2 U-mL™*
MK, 10 U-mL™* PK, 5 U-mL™" PRPPase, and 2 U-mL™" APRTase.

[8-*C]ATP was prepared from [8-1*C]adenine using the conditions: 2 mM adenine (total
concentration of labeled + unlabeled adenine), 2.5 mM PRPP, 50 uM ATP, 30 mM PEP, 10 mM
MgCl,, 50 mM KCI, 100 mM phosphate buffer (pH 7.4), with 2 U-mL* MK, 20 U-mL* PK,
and 2 U-mL™" APRTase.
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Synthesis of isotopically labeled SAM substrates. Labeled SAM substrates were enzymatically
synthesized as previously described®’ from the corresponding ATP intermediates or labeled
methionines using the human methionine adenosyltransferase MAT2A. The MAT2A protein was
heterologously expressed in E. coli and purified in a manner consistent with previous reports.*
[*°S]methionine was prepared from [*°S]sulfur via a chemoenzymatic synthesis as previously
reported by Poulin et al.'!
MAT2A, 1 mM ATP, and 1 mM methionine in 50 mM Tris—HCI, 50 mM KCI, and 10 mM

MgCl, (pH 8.0). Labeled SAM substrates were purified via reverse phase HPLC using a H,O-

A typical reaction was incubated at 37 °C for 3 hr and contained 4 uM

acetonitrile gradient with 0.1% formic acid.®’

Measurement of V/K KIEs for the hPNMT reaction. KIEs on the hPNMT reaction were
measured at 30 °C using the competitive radiolabel approach.’**® Reaction conditions for the
KIE measurements were: 50 mM potassium phosphate, 50 uM norepinephrine, 50 uM SAM
([heavy label]SAM + [remote label]pABA + unlabeled carrier), 1 uM hPNMT, pH = 8.0. For a
typical KIE measurement, a master mix containing all reaction components (except hPNMT)
was prepared and distributed into equivolume aliquots. Then, hPNMT was added to aliquots
designated as ‘experimental reactions’ and an equivalent volume of buffer was added to aliquots
designated as ‘no-enzyme controls.” The hPNMT reaction was allowed to proceed to ~40-60%
completion and then quenched by the addition of H,SQO, to a final concentration of 10 mM. SAM
and SAH were purified from the quenched reaction mixtures via reverse phase HPLC
(Phenomenex Gemini, 5 um C-18 110 A, 4.6 x 250 mm). The buffers used in this purification
were 50 mM ammonium acetate at pH = 4.3 (Buffer B) and 0.1% acetic acid in 50% acetonitrile
(Buffer C). The method used was 100% Buffer B at 1 mL/min for 6 min followed by a linear
gradient of 0-100% Buffer C over 14 min (Method 1). Under these conditions, the peaks
corresponding to SAM and SAH eluted at approximately 6 min and 17 min, respectively.
Purified SAM and SAH samples from the KIE reactions were evaporated to dryness by
centrifugation under vacuum in 20 mL scintillation vials. To each vial was then added 500 pL of
H,0 and 10 mL of Ultima Gold™ scintillation fluid (PerkinElmer).

Scintillation counting was performed on each sample over 10 cycles at 10 min/cycle using a
Tri-carb 2910TR scintillation counter (PerkinElmer), which is a dual-channel instrument that

registers the signal for °H in Channel A and the signal for **C in both Channel A and Channel B.
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As such, the raw data must be deconvoluted to determine the total counts for 3H-labeled SAM
and **C-labeled SAM. A control sample of *C-labeled SAM was used to determine the

proportion of signal overlap between Channel A and Channel B for **C, as defined by eq 2:
r = Channel A/ Channel B (2)

Spectral deconvolution of the KIE data was achieved for ®H and **C using eq 3 and eq 4,

respectively:
*H = Channel A — (Channel B x r) ©)
YC = Channel B + (Channel B x r) )

VIK KIE values were calculated from eq 5, where Ry and Ry are the ratios of [labeled]SAM to
[unlabeled]SAM prior to the reaction (i.e., no-enzyme control) and at partial conversion

(respectively), and f is the fraction of substrate conversion.
KIEvik = In(1 =) /In[(1 - ) x (R¢ / Ro)] (5)

Measurement of forward commitment for the hPNMT reaction. Forward commitment for
SAM in the hPNMT reaction was measured using the isotope trapping method.* A 20 uL sample
of the hPNMT=SAM equilibrium complex (ES) was formed by incubating 10 pM hPNMT with
20 pM [8-**C]SAM for 15 min in 50 mM potassium phosphate (pH = 8.0) at 30 °C. A chase
solution (480 uL; 2.67 mM unlabeled SAM, 52 pM norepinephrine, 50 mM potassium
phosphate, pH = 8.0) was pre-heated to 30 °C and rapidly mixed with the ES complex solution.
Three 150 uL aliquots were removed from the mixture and quenched with 10 mM H,SO, (final
concentration) at 30, 60, and 90 seconds. Control reactions containing no norepinephrine in the
chase solution were processed in parallel to correct for background levels of SAM breakdown at
30 °C. SAM and SAH were purified from the quenched reactions via HPLC Method 1. Purified
samples were evaporated to dryness in 20 mL scintillation vials via centrifugation under vacuum.

dTM

Dried samples were then dissolved in 500 uL of H,O and 10 mL of Ultima Gol scintillation
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fluid (PerkinElmer). Scintillation counting and spectral deconvolution were performed as
described for the KIE measurements. The ratio of SAH produced to the initial concentration of
ES complex was plotted as a function of time and extrapolated to time = 0 (Figure S1). Cs was
calculated using eq 6, where Y is the ratio of SAH produced to the initial concentration of ES
complex at time = 0. The concentration of the ES complex was calculated using eq 7, where E is
the concentration of hPNMT, S is the concentration of SAM, and Ky is the Michaelis constant
for SAM (taken from Wu et al*%).

Ci=Y/(1-Y) (6)
ES=(ExS)/(S+Kn) (7)

Computational methods. The hPNMT TS structure was modeled via DFT calculations using
the B3LYP functional and 6-31g(d) basis set as implemented in Gaussian 09.2 KIEs were
calculated at 30 °C (TKELV = 303.15) using ISOEFF98™ from the scaled vibrational
frequencies (SCFACT = 0.977) of optimized structures for SAM in the GS and each TS
structure, as detailed below.

The input coordinates for the optimization of SAM in the GS were taken from the PubChem
3D database (CID: 24762165).> The fully elaborated SAM structure was truncated to the
diethyl(methyl)sulfonium species shown in Figure S2a, and an optimization was carried out
using water as an implicit solvent model (PCM). The GS of SAM was modeled free in solution
because the influence of protein binding on measured KIES has not been experimentally
investigated for APNMT. However, recent studies on the human protein lysine methyltransferase
NSD2 and glycine N-methyltransferase’’ suggest ternary complex binding isotope effects are
within experimental error of unity. As such, these effects are not predicted to contribute
appreciably to the KIE values. The optimized GS structure was located as the global minimum
and displayed no imaginary frequencies. Values for the 5'-*H, and 5’-**C KIEs were calculated
for the pro-S methylene group of the diethyl(methyl)sulfonium model, as this position
corresponds to the 5’ carbon in the full SAM structure (Figure S2).

All optimizations in the TS search used acetone as an implicit solvent model (PCM), and

each TS structure displayed a single imaginary frequency corresponding to atomic motion along
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the axis of methyl transfer. Initially, dihedrals for the ethyl groups of the diethyl(methyl)
sulfonium model of SAM were fixed to their crystallographic values (PDB: 2G70).° TS
structures were then calculated with the Cye—N bond fixed at 2.0 A and the Cye—S bond fixed at
1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0, or 3.2 A. The CyeS bond was then held fixed at each of these
values, and TS structures were calculated with the Cye—N bond fixed at 1.6, 1.8, 2.2, 2.4, 2.6,
2.8, 3.0, or 3.2 A. TS structures were refined through optimizing structures with the Cye—N bond
length fixed at 2.15, 2.16, 2.17, 2.18, 2.19, or 2.20 A and the Cye—S bond length fixed at 2.23,
2.24, 2.25, 2.26, or 2.27 A. After locating a candidate model, constraints on the dihedrals the
diethyl(methyl)sulfonium SAM mimic were released and the structure was re-optimized at the
same level of theory to arrive at the final structure shown in Figure 2 of the main text.
Optimization of the final TS model fully converged and provided a single imaginary frequency

of 476i cm™ corresponding to atomic motion along the axis of methyl transfer.

Item Value Threshold Converged?
Maximum Force 0.000029 0.000450 YES
RMS Force 0.000005 0.000300 YES
Maximum Displacement 0.001337 0.001800 YES
RMS Displacement 0.000398 0.001200 YES

Predicted change in Energy=-2.637144D-08
Optimization completed.
-- Stationary point found.

NBO analysis and single point energy calculations were performed on optimized structures
using the NBO3.0 program available in Gaussian 09. EPS maps in Figure 3 of the main text were
visualized in GaussView 5.0 (isovalue = 0.04) from the electron density and potential cubes
acquired from the checkpoint files of single point energy calculations. Bond orders were
calculated based on Wiberg’s formula.?

Input coordinates for sinefungin were taken from the lowest energy conformer in the
PubChem 3D database (CID: 25246235).% The structure was optimized using water as an implicit
solvent model and the electrostatic potential map shown in Figure 3 of the main text was
generated as described above for the TS structure model.
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