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Supplementary Tables

Supplementary Table S1

Table S1 Crystallization conditions of MpGSMT

Crystallization conditions buffer salt precipitant

1 0.1 M CAPS/sodium hydroxide pH 10.5 30% (viv) PEG 400

2 0.1 M sodium acetate/ acetic acid pH 4.5 0.8 M sodium phosphate monobasie/ 1.2 M potassium phosphate dibasic
3 0.1 M sodium eitrate tribasic dihydrate pH 5.6 0.2 M ammonium acetate 30% viv (+/-)-2-methyl-2.4-pentanediol
4 25% vlv ethylene glycol

5 0.1 M Tris HC1 pH 8.5 1.0 M ammoniwn Sulfate

6 0.1 M sodium cacodylate pi 6.5 0.2 M magnesium acetate 15% viv (+/+)-2-methyl-2.4-pentancdiol
7 0.1 M sodium citrate pH 5.6 0.2 M ammonium acetate 15% viv (++)-2-methyl-2.4-pentancdiol
8 0.05 M sodium cacodylate trihydrate pH 6.0 0.04 M magnesium acetate tetrahydrate 30% viv (+/-)-2-methyl-2.4-pentanediol
9 0.2 M magnesium acetate tetrahydrate 20% wiv polvethylene glyeol 3,350
10 0.2 M sodium acetate trihydrate 20% wiv polyethylene glycol 3,350
11 0.2 M calcium acetate hydrate 20% wiv polyethylene glyeol 3,350
12 0.1 M MOPS pH 7.0 0.1 M Magnesium chloride 20% wiv polyethylene glycol 3,350
13 0.1 MHEPES pH 7.5 12% wiv polyethylene glycol 3,350
u 0 MIEPES i 5 5 ptin el o0
15 0.1 MHEPES pH 7.5 3.0 M sodium chloride

16 0.1 M Tris pH 8.5 3.0 M sodium chloride

17 0.1 M Bis-Tris pH 6.5 0.5 M magnesium formate dihydrate
18 0.1 MHEPES pH 7.5 0.5 M magnesium formate dihydrate
19 0.1 M Bis-Tris pH 6.5 0.2 M ammonium acetate 45% viv (+-)-2-methyl-2.4-pentanediol
20 0.1 M Tris pH 8.5 0.2 M sodium chloride 25% wiv polyethylene glycol 3,350
21 0.2 M potassium sodium tartrate tetrahydrate 20% wiv polyethylene glycol 3,350




Supplementary Table S2

Table 82 Primers for SOE mutagenesis

primer sequence (3" o0 3")

(&) forward priser (3' primer} GGACCCATATGAACCAATACGGAAAACAGGATTTTGG

(b) reverse primer (3 primer) GGACCCTCGAGTTAATTITTTTCTGCAACATGGAGGAAGAAATCAGG
{¢) forward primer with L288 mutation site GGTTATACGAACGAGTATGTTAGTGGATTTGT TGATAAATGGGACG
(d) reverse primer with L2885 matation site CGTCCCATTTATCAACAAATCCACTAACATACTCGTTCGTATAACC

(e) Torward primer with H2 1G/E23T/E24N mudalion sites GGGAATCGGACGGTTATACGAACGAGTATGTTAGTGG

() reverse primer witl: H21G/E23T/E24N mutation sites CCACTAACATACTCGTTCGTATAACCGTCCGATTCCC
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Figure S1. The de novo betaine biosynthesis pathway in M. portucalensis. The
glycine-derived betaine is produced in this pathway by a three-step methylation
process involving two SAM-dependent methyltransferases: the glycine sarcosine
methyltransferase (GSMT) and sarcosine dimethylglycine methyltransferase
(SDMT)*2. Glycine is the initial substrate whose amino group undergoes three
methylation events to form betaine. GSMT catalyzes the transfer of the first and
second methyl groups to form sarcosine and dimethylglycine. The second and third
methyl transfer is performed by SDMT to form dimethylglycine and the final product
betaine. Both GSMT and SDMT are capable of transforming sarcosine to
dimethylglycine. The methylation activity of MpGSMT is known to be negatively

regulated by the end product betaine®.



Supplementary Figure S2
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Figure S2. The final mFo-DFc electron density maps of the bound ligands. (a)
The electron density maps of SAH (left) and sarcosine (right) in the
MpGSMT-sarcosine-SAH ternary complex structure. (b) The electron density map of
SAM (left) and the bound water molecules (right) in the MpGSMT-SAM binary
complex structure. (c) The electron density map of SAM (left) and sarcosine (right) in
the MpGSMT-sarcosine-SAM ternary complex structure. All maps were contoured at

around 3.0 .
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Figure S3. Surface representations showing the conformational states of the
active site of MpGSMT and GNMT. (a) The active site seen in the
MpGSMT-sarcosine-SAH structure adopts a partially open conformation with its
N-terminal H1 helix points away from the core domain. In contrast, the active sites of
other small molecule methyltransferases, such as GNMT (PDBid: 1NBH:; (b))* and
GAMT (PDBid: 1XCJ; (c))° are in closed states. The SAH and SAM are in green
sticks, the N-terminal regions are displayed in cartoon representations and colored in

orange.



Supplementary Figure S4

(a) B3-aCloop

gly-rich‘motif

(b)
N Phe2ss ‘“il(;/

g,

Arg167 ] i
S ~ His138
©  sarcosine

»Metlls
Tyr ’()(1

Figure S4. Structural alignment of MpGSMT-sarcosine-SAH and

MpGSMT-sarcosine-SAM. Superimposition of the cofactor binding pockets of
MpGSMT-sarcosine-SAH (green) and MpGSMT-sarcosine-SAM (salmon) revealed
that the two structures, along with the bound cofactors, can be perfectly aligned,
except for the presence of an extra sulfonium-linked methyl group in SAM (a).
Similarly, except for the minor reposition of sarcosine, no significant changes were
observed for residues involved in substrate binding (b). The three regions
(glycine-rich motif, acidic loop, and loop region between B3 and aC) and residues
involved in cofactor/substrate binding are indicated. Hydrogen bonds and salt bridges

between ligand/substrate and protein residues are displayed with dashed lines.
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Figure S5. Effect of betaine-binding site mutants on the betaine-mediated
inhibition of MpGSMT activity. The methyltransferase activities of the wild-type,
MpGSMT™% and MpGSMTM? were examined with increasing concentration of
betaine. The raw activity data were shown as percentiles using the betaine-free
wild-type MpGSMT activity as the reference. To compare the sensitivity of wild-type
and mutant MpGSMT to betaine, the activity displayed by each variant in the absence
of betaine was used as the reference. Due to the significant impact of the N100Q
mutation on enzyme activity, the raw activity data for MpGSMTY%? s shown in the

inset for clarity. All data represents the mean + standard deviation from three

independent experiments.
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Figure S6. Structural comparison between MpGSMT-sarcosine-SAH and
MpGSMT*M" revealed a mutation-induced helix-to-loop transition at the
N-terminal  region of H1  helix. The N-terminal segment of
MpGSMT-sarcosine-SAH (green, middle panel) and MpGSMT*™ (purple, right
panel) are shown in red. While this segment adopts a helical conformation in
MpGSMT-sarcosine-SAH, a portion of this segment appears to undergo a
helix-to-loop transition in MpGSMT*M". Except for this change, no significant

changes were detected between the two structures (left panel).
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Figure S7. Structural basis underlying the diverged substrate selectivity between
GNMT and MpGSMT. Surface representations of the substrate-binding pocket of
GNMT (PDBid: 1NBH; (a)) and the homology model of MpGSMT (c) in the presence
of SAM and acetate. Sarcosine can be readily modeled into the substrate-binding sites
of both structures by superposing the carboxyl moiety onto the acetate (b, d). The
distances between the sarcosine’s N-methyl carbon and adjacent residues are 2.3, 2.5
and 2.9 A in GNMT (b), and 2.9, 3.1 and 3.9 A in MpGSMT model (d), indicating
that the substrate-binding pocket of GNMT is smaller than MpGSMT and thus cannot

accommodate sarcosine.
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