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l. Materials and Methods

Chemicals and enzymes

All chemicals and solvents were purchased from commercial suppliers (Sigma-Aldrich, Merck
KGaA, TCI, abcr, Fluorochem, Honeywell Riedel-de-Haén, VWR, Carl Roth, Acros Organics
B.V.B.A., Chiramer, Inc., and CHEMSOLUTE) and used without further purification. Pierce™
Universal Nuclease for Cell Lysis was purchased from Thermo Fisher Scientific Inc., and

lysozyme was purchased from Carl Roth® (cat-#: 8259.2).

High-pressure liquid chromatography (HPLC)

HPLC Method A

High-pressure liquid chromatography (HPLC)-based analysis and quantifications of SAH,
SAM, and SAM analogues were conducted with an Agilent 1290 Infinity Il series instrument
equipped with a diode-array detector (DAD). The SAM analogue analysis was performed at a
wavelength of 260 nm using a SUPELCOSIL™ LC-18-T HPLC column (150 x 4.6 mm, 3 uM).
To separate the charged SAM and SAM analogues, an ion-pairing reversed-phase (IP RP)
HPLC method was used.™ Therefore, as mobile phase (A) 5 mM sodium phosphate containing
1 mM 1-heptansulfonate as ion-pairing reagent and (B) pure acetonitrile was used with a flow
rate of 1 mL/min (1 pL injection volume, column temperature of 40°C). Gradient: begin with
95% A, 5 min to 80% A, hold for 2 min, 1 min to 20% A, hold for 1 min, 1 min to 95% A, hold

for 2 min.

HPLC Method B

HPLC analysis was performed on an Agilent 1260 Infinity HPLC equipped with a diode array
detector (DAD) using Nucleodur® Cig Pyramid reversed-phase column (5 ym, 125 x 4 mm)
from Macherey-Nagel with a flow rate of 1 mL/min at 20 °C. Buffer A: 100 mM KoHPO4/KH2PO4
pH = 6.5; buffer B: 1.1 of buffer A and MeCN. Gradient: 0 min: 100 % A, 0 % B; 5 min: 100 %
A, 0% B; 18 min: 40 % A, 60 % B; 20 min: 0 % A, 100 % B; 25 min: 0 % A, 100 % B; 28 min:
100 % A, 0 % B; 33 min: 100 % A, 0 % B.

HPLC Method C

HPLC analysis was performed on an Agilent 1260 Infinity HPLC equipped with a diode array
detector (DAD) using Nucleodur® Cig Pyramid reversed-phase column (5 ym, 125 x 4 mm)
from Macherey-Nagel with a flow rate of 1 mL/min at 20 °C. Buffer A: 100 mM KoHPO4/KH2PO4
pH = 6.5; buffer B: 1:1 of buffer A and MeCN. Gradient: 0 min: 100 % A, 0 % B; 5 min: 100 %



A, 0% B; 20 min: 0 % A, 100 % B; 25 min: 0 % A, 100 % B; 28 min: 100 % A, 0 % B; 33 min:
100 % A, 0 % B.

LC-TOF-MS
LC-TOF-MS Method A

High-resolution mass spectrometry (HRMS) was performed using an Agilent 6220 Accurate-
Mass TOF system consisting of a dual ESI source and coupled with an Agilent 1200 series
HPLC instrument equipped with a SeQuant® ZIC®-pHILIC 5 pum polymer column (50 x
4.6 mm). Mass data were collected in the range from 100 m/z to 1500 m/z, and the dual-ESI
source was operated at a spray voltage of 3.5 kV in positive mode. The mobile phase consists
of buffer A (90% ACN, 20 mM ammonium formate, pH 2.8) and buffer B (10% ACN, 20 mM
ammonium formate, pH 2.8) with a flow rate of 0.5 mL/min (1 pL injection volume, column
temperature of 40°C). Gradient: begin with 80% A, hold for 1 min, 12 min to 50%, hold for
3 min, 4 min to 80%, hold for 10 min.

LC-TOF-MS Method B

LC-TOF-MS analysis was performed on a Bruker maXis Il ultra-high resolution QTOF coupled
to a Thermo Scientific UltiMate 3000® UHPLC. Runs are referenced to high mass standard
m/z = 1222.0000 (Agilent, part: G1982-85001). Nucleodur® Cis Pyramid reversed-phase
column (5 ym, 125 x 4 mm) from Macherey-Nagel was used with a flow rate of 0.6 mL/min at
20 °C. Buffer A: 7 mM NH4sHCO; and 12 mM HCOOH, pH = 3.5; buffer B: MeOH. Gradient:
0 min: 100 % A, 0 % B; 5 min: 100 % A, 0 % B; 65 min: 0 % A, 100 % B; 70 min: 100 %A, 0 %
B; 75 min: 100 % A, 0 % B; 80 min: 0 % A, 100 % B; 85 min: 100 % A, 0 % B; 90 min: 100 %
A, 0% B.



. General Procedures

Cloning

Aspergillus clavatus Halide methyltransferase (AclHMT) was already cloned and reported in
our previous works.2l The gene encoding the AclIHMT was inserted into the pBAD33 vector
containing chloramphenicol resistance, transformed by electroporation, and expressed in a
SAHN knockout E. coli strain JWO0155 (Keio collection).

Methanocaldococcus jannaschii wildtype methionine adenosyltransferase WT-MjMAT was
obtained from Prof. Jennifer Andexer (University of Freiburg). The variant Mj]MAT L147A/1351
(PC-MjMAT) was generated by side directed mutagenesis as previously reported.?!

Expression of AcIHMT

The AclHMT was expressed in batches of 500 mL terrific broth (TB) media (12 g/L tryptone,
24 g/L yeast extract, 5 g/L glycerol, 89 mM KPi pH 7.4) containing 34 ug/mL chloramphenicol.
Therefore, 5 mL lysogenic broth (10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl, 34 ug/mL
chloramphenicol) precultures were inoculated from glycerol stocks and allowed to grow over
night at 37°C and 180 rpm. The whole preculture was used to inoculate the 500 mL TB media
and allowed to grow to an ODgoo between 0.6-0.8 at 37°C at 100 rpm before the cultures were
cooled down in an ice bath for 10 min. Protein expression was induced through the addition of
arabinose (0.02 w/v%) and was performed over 20 h at 25°C. The cells were harvested

through centrifugation (15 min, 4°C, 4,300 rcf), and the residual cell paste was stored at -20°C.
Expression of PCMjMAT

For PC-MjMAT (MjMAT L147A/I351A) production, transformed E. coli BL21 (DE3) cells were
cultivated in LB medium with kanamycin at 37 °C to an ODego 0f 0.6. Expression was induced
with 0.5 mM IPTG at 18 °C for 16 h. The cells were harvested through centrifugation, and the

pellet was stored at -80 °C until purification.
Expression of NovO

For NovO production, transformed E. coli BL21 (DES3) cells were cultivated in LB medium with
kanamycin at 37 °C to an ODeyo of 0.6. Expression was induced with 0.5 mM IPTG at 18 °C
for 16 h. The cells were harvested through centrifugation, and the pellet was stored at -80 °C

until purification.



Expression of MTAN

For MTAN production, transformed E. coli BL21 (DE3) cells were cultivated in LB medium with
ampicillin at 37 °C to an ODeoo 0of 0.6. Expression was induced with 0.2 mM IPTG at 18 °C for
16 h. The cells were harvested through centrifugation, and the pellet was stored at -80 °C until

purification.
AcIHMT purification and storage

Frozen cell paste pellets were thawed and resuspended on ice with pre-cooled 3 mL lysis
buffer (50 mM KPi, 500 mM NacCl, 10 mM imidazole, 5 v/v% glycerol, pH 7.5) per 1 g of cell
paste. The resuspended cell suspension was sonicated (Bandelin Sonoplus HD 2070.2, probe:
MS 73) three times on ice, each time at 50% amplitude with 5 sec on / 5 sec off for 5 min.
Insoluble cell debris was separated from the soluble biocatalyst-containing fraction through
centrifugation. The cleared soluble fraction was filtered (0.2 uM sterile filters) and applied to a
preconditioned HisTrap™ HP 5 mL column loaded with Ni?* and eluted through an imidazole
gradient (20 mM, 40mM, 70mM and 100 mM). SDS Page analysis identified
protein-containing fractions and verified the purity of the protein. Fractions containing pure
protein were pooled, dialysed 2 times 1:100 against 50 mM KPi buffer (5 v/iv% glycerol,
pH 7.5), and concentrated through ultrafiltration (Amicon® Ultra, 10 kDa Cut-off). The resulting
protein concentration was determined through UV absorbance at 280 nm and verified through
PierceTM BCA Protein Assay Kit (Thermo Scientific, US) before being aliquoted and stored at
-80°C until further usage.

PCMjMAT purification and storage

PC-MJMAT (MjMAT L147A/1351A) was purified by heat purification (incubation at 80 °C for
20 min) and immobilized metal affinity chromatography (IMAC) using the AKTApurifier system.
The protein was concentrated, and aliquots were flash-frozen in liquid nitrogen and stored at -
80 °C.

IMAC binding | 50 mM Tris-HCI pH = 8, 300 mM NacCl
buffer
IMAC elution | 50 mM Tris-HCI pH = 8, 300 mM NaCl, 500 mM imidazole
buffer
Storage buffer | 25 mM Tris-HCI pH = 8, 80 mM KCI, 10 % glycerol




NovO purification and storage

NovO was purified by immobilized metal affinity chromatography (IMAC) using the
AKTApurifier system. The protein was concentrated, and aliquots were flash-frozen in liquid

nitrogen and stored at -80 °C.

IMAC binding | 50 mM Tris-HCI pH = 8, 300 mM NaCl
buffer
IMAC elution | 50 mM Tris-HCI pH = 8, 300 mM NaCl, 500 mM imidazole
buffer
Storage buffer | 50 mM Tris-HCI pH = 8, 200 mM NacCl, 10% glycerol

MTAN purification and storage

MTAN was purified by immobilized metal affinity chromatography (IMAC) using the
AKTApurifier system. The protein was concentrated, and aliquots were flash-frozen in liquid

nitrogen and stored at -80 °C.

IMAC binding | 50 mM sodium phosphate buffer pH = 7.5
buffer
IMAC elution | 50 mM sodium phosphate buffer pH = 7.5, 250 mM imidazole
buffer
Storage buffer | 50 mM sodium phosphate buffer pH =7.5, 50 MM Hepes and 10%

glycerol

Biotransformations for the SAM analogue synthesis with AcIHMT

AclHMT-catalysed reactions (500 puL) for the SAM analogue synthesis from SAH and
haloalkanes were performed as technical triplicates. Therefore, 1 mM SAH (12.5 pL, 40 mM
DMSO stock) was mixed with 10 mol% purified AcIHMT (100 pM) in 50 mM HEPES buffer (pH
7.4) before 2.5 eq of the corresponding haloalkane was added, resulting in overall 5 v/v%
DMSO. Reactions were mixed by gently shaking until homogeneity and incubated for 2 h at
37°C with 450 rpm on a bench top shaker. Reactions were stopped through the addition of
500 pL acetonitrile and vortexing for 10 sec before incubating at RT for 30 min to precipitate
the protein. The final samples were obtained after separating the denatured protein through
centrifugation for 10 min with >21.000 rcf. HPLC analysis (HPLC Method A) was carried out,

and obtained areas were quantified using standard curves of SAH and SAM to calculate the



conversion of 1 mM SAH and the recovery rate. BSA control experiments and buffer control
experiments were performed in the same way to monitor the background reactivity.

Biotransformations for the THPC alkylation cascade with NovO and AclHMT

Cascade reaction with NovO and AclHMT were carried out as triplicates of 50 yL reactions.
For these reactions, HEPES Buffer, AclHMT, NovO and 4,5,7-trihydroxy-3-phenylcoumarin
(THPC) were mixed together and the reaction was started by the addition of alkyl halide. The
resulting reaction mixture consists of 1 mM THPC (25 mM DMSO stock), 10 mol% AclHMT
(200 uM), 5 mol% NovO and 2.5 mM alkyl halide (2.5 eq., 250 mM DMSO stock) leading to a
final DMSO concentration of 5 v/iv% DMSO. Buffer control reaction without enzymes were
carried out and treated the same way. Cascade and control reactions were incubated for 2 h
at 37°C and stopped by the addition of 150 pl acetonitrile (3 x reaction volume) and mixing with
a vortex mixer. Precipitated protein was separated by centrifugation (10 min, 4°C, 20,000 rcf).
For HPLC analysis, 30 puL of the cleared supernatant was transferred to a glass vial with inlet
and HPLC analysis according to HPLC Method C was performed. The obtained areas were

compared as area%.

PC-MjMAT reactions

For the MAT assay, methionine analogues 3a-e (5 mM) were incubated with 5 mM ATP and
100 pM PC-MjMAT for 1 h at 37 °C or 65 °C. The reaction buffer consisted of 50 mM HEPES,
10 mM MgCI2, 5 mM KCI (pH = 7.4). The reaction was stopped by adding 10 % (v/v) of 1 M
HCIO.. The 0 h samples were stopped by the immediate addition of HCIO4. After centrifugation
(20 min at 21,000 x g), the supernatant was injected into the HPLC (HPLC method B).

Biotransformations for the THPC alkylation cascade with NovO and PC-MjMAT

The PC-MjMAT/NovO cascade reactions were performed with 100 yM PC-MjMAT, 10 uM
MTAN, 50 uM of NovO and 1 mM 6 (THPC). Together with the respective Methionine
analogues 3a-e (5 mM) the reaction mixture were incubated for 2 h at 37 °C in a total volume
of 20 pL. The reaction buffer consisted of 50 mM HEPES, 10 mM MgCl;, 5 mM KCI (pH = 7.4).
The reactions were stopped by the addition of three volumes of acetonitrile (MeCN). All
samples were centrifuged at 21,000 x g for 10 min and injected directly into the HPLC. (HPLC
method C).



[l Synthetic procedures

Synthesis of allyl-D,L-homocysteine (3c)

0 D,L-homocysteine thiolactone hydrochloride (691 mg, 4.5 mmol,
?/6’\/8 -

X 1 +4~0H 1.5 eq.) was dissolved under argon in 10 mL of freshly prepared

NH, NaOH (5 M, ddH.0, degassed). The obtained mixture was stirred
for 10 min, and the cleavage of thiolactone was monitored by thin layer chromatography (TLC).
Sodium bicarbonate (420 mg, 5 mmol, 1.7 eq.) was added to the solution and acidified to a pH

= 9 using conc. HCI.

After the addition of 1,4-dioxane (3 mL), allyl bromide (260 pL, 3 mmol, 1.0 eq) was slowly
added under argon to the amino acid solution. The reaction mixture was stirred at room
temperature for 4h and then acidified to a pH =6 with 1 M HCI. The crude product was
dissolved in 10 mL DMSO and separated via flash chromatography (column: HP-C18-Aq.
120 g, gradient: 100 % A: NH4Ac 50 mM to 20 % B: ACN). The product was obtained as a
white powder (218 mg, 1.24 mmol, 42 %).

HRMS: Calculated for CeH11NO2SNa* [M+Na]* = 198.05592 Da, found 198.05592 m/z.

IH NMR (600 MHz, D20 + 1 % NaOD) & (ppm) = 5.79 (ddt, J = 17.2, 10.0, 7.3 Hz, 1H, H-C(6));
5.14 (dqg, J = 17.0, 1.4 Hz, 1H, H-C(7)); 5.11 (dd, J = 10.1, 1.7 Hz, 1H, H-C(7)); 3.26 (dd, J =
7.4, 5.5 Hz, 1H, C-H(3)); 3.16 (dt, J = 7.3, 1.1 Hz, 2H, C-H(5)); 2.55 — 2.44 (m, 2H, H-C(1));
1.85 (m, J = 14.4,9.1, 7.1, 5.5 Hz, 1H, H-(C2) ), 1.78 — 1.69 (m, 1H, H-(C2)).

13C_{1H}-NMR (151 MHz, D20 + 1 % NaOD) & (ppm) = 85.29 (C(4)); 136.58 (C(6)); 120.12
(C(7)); 57.87 (C(3)); 36.04 (C(5)); 30.78 (C(2)); 28.99 (C(1))



Synthesis of benzyl-D,L.-homocysteine (3d)

. g , ° D,L-homocysteine thiolactone hydrochloride (691 mg, 4.5 mmol,
10@3\/8\/2\3)‘4\@_‘ 1.5 eq.) was dissolved under argon in 10 mL of freshly prepared
s NH, NaOH (5 M, ddH0, degassed). The obtained mixture was stirred
for 10 min, and the cleavage of thiolactone was monitored by thin layer chromatography (TLC).
Sodium bicarbonate (420 mg, 5 mmol, 1.7 eq.) was added to the solution and acidified to a pH
= 9 wusing conc. HCI. After the addition of 1,4-dioxane (3 mL), benzyl bromide
(357 pL, 3 mmol, 1.0 eq) was slowly added under argon to the amino acid solution. The
reaction mixture was stirred at room temperature for 2h and then acidified to a pH = 6 with
1 MHCI. The crude product was dissolved in 10 mL DMSO and separated via flash
chromatography (column: HP-C18-Aq. 120 g, gradient: 100 % A: NH4Ac 50 mM to 100 % B:
ACN). The product was obtained as a white powder (270.3 mg, 1.2 mmol, 40 %).

HRMS: Calculated for C11H1sNO2SNa* [M+Na]* = 248.071518Da, found 248.07159 m/z.

IH NMR (600 MHz, D20 + 1 % NaOD) & (ppm) = 7.40 — 7.32 (m, 4H, H-C(ar)); 7.32 — 7.26 (m,
1H, H-C(ar)); 3.74 (s, 2H, H-C(5); 3.23 (dd, J = 7.5, 5.4 Hz, 1H, H-(C3)); 2.51 — 2.39 (m, 2H,
H-C(1)); 1.86 (m, J = 14.2, 9.1, 6.9, 5.3 Hz, 1H, H-C(2)); 1.72 (m, J = 13.5, 9.0, 7.5, 6.1 Hz,
1H, H-C(2)).

13C-{*H}-NMR (151 MHz, D20 + 1 % NaOD) & (ppm) = 185.16 (C(4)); 141.09, (C(6)); 131.41
(C(7,8,10,11)); 129.77 (C(9)); 57.84 (C(3)); 37.54 (C(5)); 36.92 (C(2)); 29.72 (C(1)).
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Synthesis of benzyl-b,L.-homocysteine (3e)

O,N o Under argon D,L-homocysteine thiolactone hydrochloride

\©\/S\/\HJ\ (691 mg, 4.5 mmol, 1.5 eq.) was dissolved in 10 mL freshly

NH, OH prepared NaOH (ddH2O, degassed, 5 M). The mixture was

stirred for 10 min and the thiolactone cleavage was

monitored by TLC. Sodium bicarbonate (420 mg, 5 mmol, 1,7 eq.) was added and the mixture
was acidified to pH = 9 using conc. HCI.

A solution of 4-nitrobenzyl bromide in 1,4-dioxane (6 mL) was prepared under argon and slowly

added to the amino acid solution. The reaction was stirred at room temperature over 4 h and

the progress was monitored via HPLC. The crude mixture was acidified to pH =6 using 1 M

HCI. The residual solvent was evaporated under reduced pressure. The crude product was

dissolved in 10 mL DMSO and separated via flash chromatography (column: HP-C18-Aq.

100 g, gradient: 100 % A: NHsAc 50 mM to 60 % B: ACN). The product was obtained as white

powder (533.9 mg, 1.98 mmol, 66 %).

HRMS: Calculated for C11H13N204S™ [M-H] = 269.060124 Da, found 269.05998 m/z.

'H NMR (400 MHz, DMSO-dg) & (ppm) = 8.17 (d, J = 8.7 Hz, 2H, H-C(7,11)); 7.60 (d, J = 8.7
Hz, 2H, H-C(8,10)); 3.85 (s, 2H,H-C(5)); 3.32 — 3.22 (m, 1H, H-C(3)); 2.57 — 2.41 (m, 2H, H-
C(1)); 2.10 — 1.84 (m, 2H,H-C(2)).

13C-{1H}-NMR (101 MHz, DMSO-ds) & (ppm) = 172.90 (C(4); 170.36; 147.35 (C(9)); 146.30
(C(6)); 130.10 (C(7,11)); 123.57 (C(8,10)); 53.15 (C(3)); 34.02 (C(5)); 31.21(C(2)
27.19 (C(1)); 22.52 ppm.

11



IV.  Supporting figures

Table S 1: Synthesis of SAM and SAM analogues by enzymatic alkylation of SAH with AcCIHMT. HPLC
yields are calculated by HPLC quantification of the SAM analogues using 1 mM SAH as the basis. The
limit of quantification corresponds to a yield of 0.1%. Conversions are given as the average of triplicates
+ standard deviation of the three measurements. n.d. = not detectable

Conversion as Recovery as
mean of triplicates £ SD mean of triplicates £ SD

[%]

[%]

Methyl iodide acl 99.5+ 0.4 100.7 + 0.4
Me BSA 0.26+0.1 98.5+ 0.4

Buffer 0.23+0.02 98.3+1.6

Ethyl iodide acl 98.9+ 1.4 101.7+2.1
)Me BSA n. d. 100.4+1.7

| Buffer n. d. 99.7+0.8

Ethyl bromide acl 63.3+12.0 101.9+0.6
Me BSA n. d. 98.6+1.3

Br Buffer n. d. 986+ 1.4

Allyl iodide acl 59.4+0.7 80.2+0.7
~ BSA 3.3:0.2 97.2+17

! Buffer 3.6+ 0.1 95.6+0.5

Allyl bromide acl 78.5+0.9 83.8+0.9
~ BSA 2.4+0.1 98.0+0.3

Br Buffer 25+0.1 97.6+0.8

Benzyl iodide acl 28.6+1.2 73.3+0.3
'/\© BSA 8.7+0.3 88.5+0.5

Buffer 10.3+0.4 88.1+0.5

p-Nitrobenzy| iodide acl 5.7+0.3 771+£1.6
|/\© BSA n. d. 97.8+0.3

NO, Buffer n. d. 98.0+0.5

12
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Formation of SAM analogues formed by the AclHMT catalysed alkylation of SAH with alkyl
halides was confirmed by LC-MS measurements using ESl ionization (LC-TOF-MS Method A).
The DAD traces were determined at 260 nm, and the mass spectra for the specific time interval
is given with the structure and the theoretical calculated mass. In a previous study, we reported
the LC-MS pattern for the formation of S-adenosyl-L-methionine, S-adenosyl-L-ethionine and
allyl SAM analogue.@ Here, we add the characterization of the benzyl SAM analogue and

para-nitrobenzyl SAM analogue formation.
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Figure S 2: Biotransformation with SAH, benzyl iodide and AclHMT were shaken for 2 h at 37°C. The
given DAD traces show an overlay of the enzymatic reaction (blue) and buffer control w/o enzyme (red).
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(Thermo-Fisher Scientific) in positive mode (A and B) and negative Mode (C). Spectrum A and B show
the obtained masses (above) and the calculated masses (below) for the methionine analogues 3c and
3d. Spectrum C shows the obtained masses for the methionine analogue 3e.



Intens. + -
x105-[M] +  4da NH,
2.0 NH;
.0 0] N
SN
1 ¢l J
1.5 NN
] H,C”+ ) _0
1.0
] OH OH
0.5 Chemical Formula: C;5H,3NgO5S*
4 Exact Mass: 399.14451 l
0-0: L p— L T 1T T"'_'—._I""_I-A\T._L'"I‘.'_"I
0 10 20 30 40 50 60 70 80 Time [min]
Intens. .
%106 0.6 min
] 239.1051
2.5
2.0
1.5 477.2030
1.0
] +
057 [M]
f il N1 e
00 oo h bl L 1AL —_—
100 200 300 400 500 600 700 800 900 1000 mz
< + "
Inﬁ& ] [M] 0.6 min
] 399.1433
2.0
] 360.1787
1.5
1.0
0.5
l 369.2155
0.0 “".l.r“‘..‘l,. —_—— .‘.‘I.. —
350 360 370 380 390 400 410 420 430 440 myz

Figure S 6: HPLC/MS analysis of MAT assay with 3a show the formation of 4a. Calculated mass for

[M]* = 399.144476 Da, found m/z = 399.1433 Da.
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Figure S 7: HPLC/MS analysis of MAT assay with 3b show the formation of 4b. Calculated mass for
[M]* = 413.160116 Da, found m/z = 413.1581 Da
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Figure S 8: HPLC/MS analysis of MAT assay with 3c show the formation of 4c. Calculated mass for
[M]* = 425.160176 Da, found m/z = 425.1583 Da.
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Figure S 9: HPLC/MS analysis of MAT assay with 3d show the formation of 4d. Calculated mass for

[M]* = 475.175816 Da, found m/z = 475.1739 Da.
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Figure S 10: HPLC/MS analysis of MAT assay with 3e show the formation of 4e. Calculated mass for
[M]* = 520.1609 Da, found m/z = 520.1614 Da.
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Figure S 11: HPLC/MS analysis of MAT assay with 3a show the formation of 5a. Calculated mass for
[M+H]* = 298.096876 Da, found m/z = 298.0963 Da. Calculated mass for [M+Na]* = 320.078818 Da,
found m/z = 320.0783 Da. Calculated mass for [M+K]* = 336.052758 Da, found m/z = 336.0521 Da.
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Figure S 12: HPLC/MS analysis of MAT assay with 3b show the formation of 5b. Calculated mass for
[M+H]* = 312.112486 Da, found m/z = 312.1111 Da. Calculated mass for [M+Na]* = 334.094428 Da,
found m/z = 334.0930 Da. Calculated mass for [M+K]* = 350.068368 Da, found m/z = 350.0669 Da.
Calculated mass for [2M+Na]* = 645.199638 Da, found m/z = 645.1968 Da.
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Figure S 13: HPLC/MS analysis of MAT assay with 3c show the formation of 5¢. Calculated mass for
[M+H]* = 324.112486 Da, found m/z = 324.1113 Da. Calculated mass for [M+Na]* = 346.094428 Da,
found m/z = 346.0932 Da. Calculated mass for [M+K]* = 362.068368 Da, found m/z = 362.00672 Da.
Calculated mass for [2M+Na]* = 669.199638 Da, found m/z = 669.1972 Da.
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Figure S 14: HPLC/MS analysis of MAT assay with 3d show the formation of 5d. Calculated mass for
[M+H]* = 374.128136 Da, found m/z = 374.1269 Da. Calculated mass for [M+Na]* = 396.110078 Da,
found m/z = 396.1089 Da. Calculated mass for [M+K]* = 412.084018 Da, found m/z = 412.0829 Da.
Calculated mass for [2M+Na]* = 769.230938 Da, found m/z = 769.2287 Da.
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Figure S 15: HPLC/MS analysis of MAT assay with 3e show the formation of 5e. Calculated mass for
[M+H]* = 419.113216 Da, found m/z = 419.1115 Da. Calculated mass for [M+Na]* = 441.095158 Da,
found m/z = 441.0935 Da. Calculated mass for [M+K]* = 457.069098 Da, found m/z = 457.0674 Da.
Calculated mass for [2M+Na]* = 859.201098 Da, found m/z = 859.1977 Da.
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Figure S 16: HPLC/MS analysis of PC-MjMAT/NovO cascade reaction with 3a show the formation of 6a.
Calculated mass for [M+H]* = 285.07575 Da, found m/z = 285.0765 Da. Calculated mass for [M+Na]* =
307.057688 Da, found m/z = 307.0584 Da. Calculated mass for [M+K]* = 323.031628 Da, found m/z =

323.0324 Da.
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Figure S 17: HPLC/MS analysis of PC-MjMAT/NovO cascade reaction with 3b show the formation of
6b. Calculated mass for [M+H]* = 299.091396 Da, found m/z = 299.0907 Da. Calculated mass for
[M+Na]* = 321.073338 Da, found m/z = 321.0727 Da. Calculated mass for [M+K]* = 337.047278 Da,
found m/z = 337.0466 Da. Calculated mass for [2M+Na]* = 619.157458 Da, found m/z = 619.1559 Da.
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Figure S 18: HPLC/MS analysis of PC-MjMAT/NovO cascade reaction with 3c show the formation of
6¢. Calculated mass for [M+H]* = 311.091396 Da, found m/z = 311.0909 Da. Calculated mass for

[M+Na]* = 333.073338 Da, found m/z = 333.0729 Da. Calculated mass for [M+K]* = 349.047278 Da,
found m/z = 349.0467 Da. Calculated mass for [2M+Na]* = 643.157458 Da, found m/z = 643.1563 Da.
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Figure S 19: HPLC/MS analysis of PC-MjMAT/NovO cascade reaction with 3d show the formation of
6d. Calculated mass for [M+H]* = 361.107046 Da, found m/z = 361.1066 Da. Calculated mass for
[M+Na]* = 383.088988 Da, found m/z = 383.0885 Da. Calculated mass for [2M+Na]* = 743.188758 Da,

found m/z

=743.1879 Da.
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Figure S 20: HPLC/MS analysis of PC-MjMAT/NovO cascade reaction with 3e show the formation of
6e. Calculated mass for [M+H]* = 406.092126 Da, found m/z = 406.0911 Da. Calculated mass for
[M+Na]* = 428.074068 Da, found m/z = 428.0732 Da. Calculated mass for [M+K]* = 444.048008 Da,
found m/z = 444.0470 Da. Calculated mass for [2M+Na]* = 833.158918 Da, found m/z = 833.1566 Da.
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Figure S 21: SDS Page analysis of the AclHMT purification through immobilized metal affinity
chromatography (IMAC). Color Prestained Protein Standard, Broad Range (10-250 kDa) from NEB
(Catalog#: P7719S) was used as size standard and protein separation was performed using pre-cast
gel (Mini-Protean TGX gel, 4-20%) for 24 min at 240 V. Samples: Lysate after cell disruption
(sonification), Flow-through of the 5 mL Ni?* IMAC column (start and end) and collected imidazole
fractions 40-100 mM (each 2 cv).

33



/1 / s s

3“2 3“0 2‘.3 2‘.5 2‘.4 2‘.2 ZI.D 1'.3
i) f1 (ppm)
—_ —_ a= = —_
5 S ©5 ) S
) Q Qx Q Q
I I T T T
b, [ J A i
T Ja Iy ry T
= 5% R S ]
6‘.6 SI.4 6‘.2 é.O 5‘.8 F;.S 5‘.4 5‘.2 5‘.0 4‘.8 4‘.6 4‘4 4‘.2 4‘.0 3‘8 3‘.6 3‘.4 3‘.2 3‘.0 2‘.8 2‘.6 2‘4 2‘.2 2‘.0 1.8 1‘.6 1‘.4 1‘.2 1‘.0 d.B d.S d.4 DI.Z 0‘.0
f1 (ppm)
6 2
3
7 S
AN 4 "OH
5 1
NH-
3c
—_
o™
S—
O
—_
™
‘C)’ —
g < L2
S— _— - O
o © ©
(@]
—_—
=
—
O
l‘gﬂ 1‘80 1‘70 1g0 1‘50 1‘40 1'3[1 lIZO 1‘10 1‘00 9‘0 éD I:Cl Elﬂ 5'0 ‘;D Elﬁ ZID 1‘0 b
1 (ppm)

Figure S 22: NMR analysis of allyl-D,L.-homocysteine (3c). A: 'H NMR analysis at 600 MHz. B: 13C-{*H}-
NMR analysis at 151 MHz.
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Figure S 23: NMR analysis of benzyl-D,L.-homocysteine (3d). A: 'H NMR analysis at 600 MHz. B:
13C-{1H}-NMR analysis at 151 MHz.
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Figure S 24: NMR analysis of para-nitrobenzyl-bL-homocysteine (3e). A: *H NMR analysis at 400 MHz.
B: 33C-{*H}-NMR analysis at 101 MHz.
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V. DNA / AA Sequences

The sequence of the AclIHMT was already published in a previous study.

Protein concentration were determined using absorbance at 280 nm and confirmed through
the Pierce™ BCA Protein Assay Kit (Thermo Scientific, US). For the calculation of the protein
concentration through absorbance at 280 nm, the molecular weight and molecular extinction
coefficient was calculated applying the ProtParam tool provided on expasy
(https://web.expasy.org/protparam/).

Aspergillus clavatus halide methyltransferase (AcIHMT)

DNA sequence

ATGTCAACGCCCAGTTTAATTCCATCCGGTGTGCACGAAGTATTAGCAAAATACAAAGACGGTAACTA
TGTCGACGGGTGGGCCGAACTGTGGGATAAATCTAAGGGTGACCGTCTTCCATGGGATCGTGGTTTTC
CGAACCCTGCGTTGGAAGATACCCTGATTCAGAAACGTGCCATCATCGGAGGTCCCTTGGGCCAAGAC
GCTCAGGGCAAGACATACCGCAAAAAAGCTCTGGTCCCAGGCTGCGGTCGTGGAGTAGATGTGTTGTT
ATTGGCATCGTTCGGTTATGACGCTTATGGTTTAGAATACTCTGCAACGGCGGTCGATGTATGCCAAG
AGGAGCAAGCCAAGAACGGGGATCAATATCCTGTACGCGATGCAGAAATCGGCCAGGGCAAGATTACG
TTCGTTCAAGGTGATTTCTTTGAGGACACGTGGCTTGAAAAGCTTAACCTTACCCGCAATTGTTTCGA
CGTTATCTACGACTACACGTTCTTCTGTGCATTGAACCCGAGCATGCGCCCTCAGTGGGCTTTGCGCC
ATACCCAACTTCTTGCCGACTCTCCGCGCGGACATTTAATCTGTTTGGAGTTTCCCCGCCATAAAGAC
CCTTCTGTACAGGGGCCACCATGGGGCTCGGCGTCAGAAGCCTACCGCGCCCATCTGTCACATCCAGG
GGAGGAAATTCCCTACGATGCGTCACGTCAATGCCAGTTTGACAGCAGCAAAGCACCCAGTGCGCAGG
GCTTGGAACGTGTAGCATATTGGCAACCAGAGCGCACGCATGAAGTAGGGAAAAACGAGAAAGGTGAG
GTTCAAGATCGCGTATCCATCTGGCAGCGTCCTCCCCAAAGTTCCCTGCTGGAACATCATCACCACCA
TCATTAA

Amino acid sequence (MW: 33.396 kDa, Molecular extinction coefficient: 62255 M-cm™)

MSTPSLIPSGVHEVLAKYKDGNYVDGWAELWDKSKGDRLPWDRGFPNPALEDTLIQKRAIIGGPLGQD
AQGKTYRKKALVPGCGRGVDVLLLASFGYDAYGLEYSATAVDVCQEEQAKNGDQYPVRDAEIGQGKIT
FVOGDFFEDTWLEKLNLTRNCEFDVIYDYTFFCALNPSMRPOWALRHTQLLADSPRGHLICLEFPRHKD
PSVOGPPWGSASEAYRAHLSHPGEEIPYDASRQCQFDSSKAPSAQGLERVAYWQPERTHEVGKNEKGE
VODRVSIWQRPPQSSLLEHHHHHH*

Methanocaldococcus jannaschii methionine adenosyltransferase variant L147A/I351A
(PC-MjMAT)

DNA sequence

ATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGCGCAA
CATCATCGTGAAAAAGCTGGATGTTGAACCGATTGAAGAACGTCCGACCGAAATTGTTGAACGTAAAG
GTCTGGGTCATCCGGATAGCATTTGTGATGGTATTGCAGAAAGCGTTAGCCGTGCACTGTGTAAAATG
TACATGGAAAAATTTGGCACCATCCTGCATCATAATACCGATCAGGTTGAACTGGTTGGTGGTCATGC
ATATCCGAAATTTGGTGGTGGTGTTATGGTTAGCCCGATTTATATCCTGCTGAGCGGTCGTGCAACCA
TGGAAATTCTGGATAAAGAAAAAAACGAAGTGATCAAACTGCCGGTTGGCACCACCGCAGTTAAAGCA
GCAAAAGAATATCTGAAAAAAGTGCTGCGTAACGTGGATGTCGATAAAGATGTGATTATTGATTGCCG
TATTGGTCAGGGTAGCATGGATGCGGTTGATGTTTTTGAACGCCAGAAAAATGAAGTTCCGCTGGCAA
ATGATACCAGCTTTGGTGTTGGTTATGCACCGCTGAGCACCACCGAACGTCTGGTTCTGGAAACCGAA
CGTTTTCTGAATAGTGATGAACTGAAAAACGAAATTCCGGCAGTGGGCGAAGATATCAAAGTTATGGG
TCTGCGTGAAGGCAAAAAAATCACCCTGACAATTGCAATGGCAGTGGTTGATCGTTATGTGAAAAACA
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TCGAAGAGTATAAAGAGGTGATCGAGAAAGTCCGCAAAAAAGTTGAAGATCTGGCGAAAAAAATCGCC
GATGGTTATGAAGTGGAAATCCATATTAACACCGCAGATGATTATGAACGCGAAAGCGTTTATCTGAC
CGTTACCGGCACCAGCGCAGAAATGGGTGATGATGGTAGCGTTGGTCGTGGTAATCGTGTTAATGGTC
TGATTACCCCGTTTCGTCCGATGAGCATGGAAGCAGCAAGCGGTAAAAATCCGGTTAATCATGTTGGC
AAGATCTATAACATTCTGGCCAATCTGATTGCCAACGATATTGCAAAACTGGAAGGTGTGAAAGAATG
CTATGTTCGTATTCTGAGCCAGGCTGGCAAACCGATTAACGAACCGAAAGCACTGGATATTGAAATCA
TTACCGAGGATAGCTACGACATCAAAGATATTGAACCCAAGGCCAAAGAAATCGCCAATAAATGGCTG
GATAACATCATGGAAGTGCAGAAAATGATTGTGGAAGGTAAAGTGACCACCTTTTAA

Amino acid sequence (MW: 47.331 kDa, Molecular extinction coefficient: 25120 Mt-cm™?)

MGSSHHHHHHSSGLVPRGSHMRNI IVKKLDVEPIEERPTEIVERKGLGHPDSICDGIAESVSRALCKM
YMEKFGTILHHNTDQVELVGGHAYPKFGGGVMVSPIYILLSGRATMEILDKEKNEVIKLPVGTTAVKA
AKEYLKKVLRNVDVDKDVIIDCRIGQGSMDAVDVFERQKNEVPLANDTSFGVGYAPLSTTERLVLETE
RFLNSDELKNEIPAVGEDIKVMGLREGKKITLTIAMAVVDRYVKNIEEYKEVIEKVRKKVEDLAKKIA
DGYEVEIHINTADDYERESVYLTVTGTSAEMGDDGSVGRGNRVNGLITPFRPMSMEAASGKNPVNHVG
KIYNILANLIANDIAKLEGVKECYVRILSQAGKPINEPKALDIEIITEDSYDIKDIEPKAKE IANKWL
DNIMEVQKMIVEGKVTTE*

Streptomyces niveus coumarin-C-methyltransferase (NovO)

DNA sequence

ATGGCAATGAAAATTGAAGCCATTACCGGTAGCGAAGCCGAAGCATTTCATCGTATGGGTAGCCAGGC
AAGCCATCGTTATGATGAATTTGTTGATCTGCTGGTTGGTGCAGGTATTGCAGATGGTCAGACCGTTG
TGGATCTGTGTTGTGGTAGCGGTGAACTGGAAGTTATTCTGAGCAGCCGTTTTCCGAGCCTGAATCTG
GTTGGCGTTGATCTGAGCGAAGATATGGTTCGTATTGCACGTGAATATGCAGCAGAACAGGGTAAAGC
ACTGGAATTTCGTCATGGTGATGCACAGCTGCTGGCAGGTATGGAAGATCTGGCAGGCAAAGCAGATC
TGGTTGTTAGCCGTAATGCCTTTCATCGTCTGACCCGTCTGCCTGCAGCATTTGATACCATGCTGCGT
CTGGCAAAACCTGGTGGTGCAGTTCTGAATTGTAGCTTTATTCATCCGAGCGATTTTGATGAAAGCGG
TTTTCGTGCATGGGTTACCTTTCTGAATCAGCGTCCGTGGGATAGCGAAATGCAGATTGTTTGGGCAT
TAGCACATCATTATGCACCGCGTCTGGATGATTATCGTGAAGCACTGGCACAGGCAGCACGTGAAACA
CCGGTTAGCGAACAGCGTGTTTGGATTGATGATCAAGGTTATGGTGTTCCGACCGTTAAATGTTTTGC
ACGTCGTGCAGCAGCAAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTGA

Amino acid sequence (MW: 27.121 kDa, Molecular extinction coefficient: 29700 M*-cm™)

MAMKIEAITGSEAEAFHRMGSQASHRYDEFVDLLVGAGIADGQTVVDLCCGSGELEVILSSREFPSLNL
VGVDLSEDMVRIAREYAAEQGKALEFRHGDAQLLAGMEDLAGKADLVVSRNAFHRLTRLPAAFDTMLR
LAKPGGAVLNCSFIHPSDFDESGFRAWVTFLNOQRPWDSEMQIVWALAHHYAPRLDDYREALAQAARET
PVSEQRVWIDDQGYGVPTVKCFARRAAAKLAAALEHHHHHH*
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Escherischia coli SAH nucleosidase (MTAN)

DNA sequence

ATGAGCTATTATCATCATCATCATCATCATGATTATGATATTCCGACCACCGAAAACCTGTATTTTCA
GGGCGCGATGGATCCGGAATTTAGCATGAAAATTGGCATTATTGGCGCGATGGAAGAAGAAGTGACCC
TGCTGCGCGATAAAATTGAAAACCGCCAGACCATTAGCCTGGGCGGCTGCGAAATTTATACCGGCCAG
CTGAACGGCACCGAAGTGGCGCTGCTGAAAAGCGGCATTGGCAAAGTGGCGGCGGCGCTGGGCGCGAL
CCTGCTGCTGGAACATTGCAAACCGGATGTGATTATTAACACCGGCAGCGCGGGCGGCCTGGCGCCGA
CCCTGAAAGTGGGCGATATTGTGGTGAGCGATGAAGCGCGCTATCATGATGCGGATGTGACCGCGTTT
GGCTATGAATATGGCCAGCTGCCGGGCTGCCCGGCGGGCTTTAAAGCGGATGATAAACTGATTGCGGC
GGCGGAAGCGTGCATTGCGGAACTGAACCTGAACGCGGTGCGCGGCCTGATTGTGAGCGGCGATGCGT
TTATTAACGGCAGCGTGGGCCTGGCGAAAATTCGCCATAACTTTCCGCAGGCGATTGCGGTGGAAATG
GAAGCGACCGCGATTGCGCATGTGTGCCATAACTTTAACGTGCCGTTTGTGGTGGTGCGCGCGATTAG
CGATGTGGCGGATCAGCAGAGCCATCTGAGCTTTGATGAATTTCTGGCGGTGGCGGCGAAACAGAGCA
GCCTGATGGTGGAAAGCCTGGTGCAGAAACTGGCGCATGGCTAA

Amino acid sequence (MW: 28.157 kDa, Molecular extinction coefficient: 11920 M*-cm™)

MSYYHHHHHHDYDIPTTENLYFQGAMDPEFSMKIGIIGAMEEEVTLLRDKIENRQTISLGGCEIYTGQ
LNGTEVALLKSGIGKVAAALGATLLLEHCKPDVIINTGSAGGLAPTLKVGDIVVSDEARYHDADVTAF
GYEYGOLPGCPAGFKADDKLIAAAEACIAELNLNAVRGLIVSGDAFINGSVGLAKIRHNFPOQATAVEM
EATATAHVCHNENVPFVVVRAISDVADQQSHLSFDEFLAVAAKQSSLMVESLVQOKLAHG*
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