Supporting Information
NMR experimental parameters

NMR spectra were recorded on a Varian VNMRS spectrometer operating at 599.64 and 150.79 MHz for
'H and 13C, respectively, and equipped with a 5 mm HCN cryoprobe (Varian) with cold carbon preamp and
a z-axis gradient. The sample temperature was maintained at 20 °C for all experiments. Chemical shifts
were referenced internally to the solvent metahnol-d, (3.31ppm for the residual methyl proton and 49.15
ppm for C). 1D 'H spectra having a spectral width of 11.1 ppm were acquired with 8 transients each using
a full 90° pulse, acquisition time of 4 s (27k complex points zero-filled to 128k), and relaxation delay of 10
s. 3C 1D spectra were acquired with a 250 ppm spectral width using 45° flip-angle pulses, 0.87 s acquisition
time (32k complex points, zero-filled to 128k points), and 2 s relaxation delay. Acquisition of 1024 (trans-
DMI) or 2048 (cis-DMI) transients co-added for each spectrum was preceded by 8 steady-state scans,
broadband, power-gated 'H decoupling was accomplished using the WALTZ-16 composite pulse
decoupling scheme, and 1 Hz line-broadening was applied during processing. All 2D experiments had 32
steady-state scans applied prior to acquisition and incorporated default forward linear prediction during
processing. 2D multiplicity-edited gHSQCAD experiments had spectral widths of 11.0 and 120.0 ppm in
the direct and indirect dimensions, respectively, and were acquired with 16 transients (acquisition time of
0.15 s, 1036 complex points), with a relaxation delay of 1.2 s, for each of 196 increments comprising the
indirect dimension. A one-bond Jcy of 146 Hz was used. Broadband '*C decoupling using the WURST
composite pulse decoupling scheme was active during acquisition. Both dimensions were zero-filled to a
final size of 2,048 points and subjected to a Gaussian apodization function. The gHMBCAD experiments
had spectral widths of 16.0 and 160.0 ppm in the direct and indirect dimensions respectively and were
acquired with 32 transients (acquisition time of 0.15 s, 1,442 points), with a 1.2 s relaxation delay, for each
of the 200 increments acquired in the indirect dimension. A multiple-bond coupling constant of 8 Hz was
used as well as one-bond suppression for 'Jcy in the 130 — 165 Hz range. Each dimension was zero-filled
to 2,048 points, sine bell and Gaussian apodization were applied in the direct and indirect dimensions
respectively. The gCOSY spectra were acquired with a 10.0 ppm spectral width in both dimensions, only
1 transient (acquisition time of 0.3 s, 1,803 points) was acquired for each of 256 increments in the indirect
dimension with a relaxation delay of 1 s. Post-acquisition processing included zero-filling to 2,048 points
and sine bell apodization in both dimensions. For the cis-DMI sample, a HOMO2DJ experiment was also
acquired to aid in resolving the peak positions and J-coupling on a multiplet region centered at 6.39 ppm
(see spectra in Figures S8 and S10). The HOMO2DJ experiment consisted of spectral widths of 16.0 ppm
and 64 Hz in the direct and indirect dimensions respectively and was acquired with 4 transients per each of
the 80 indirect dimension increments with an acquisition time of 1.25 s (12,019 complex points) and using
a relaxation delay of 2 s. Post-acquisition processing included zero-filling to a final data size of 16,384 and
512 complex points in the direct and indirect dimensions, application of a sine bell apodization function in
both dimensions and, finally, subjected to a 45° tilt and was symmetrized.



Table S1

Structural superpositions”

PsPTSI GePTSI1 DRR206 AtDIR6
PsPTS1 - 0.6 (152 core Ca) 1.6 (111 core Ca) 1.4 (135 core Ca)
GePTS1 0.6 (456 core Ca) - 1.5 (113 core Ca) 1.4 (135 core Ca)
1.5 (all Ca)
DRR206 1.7 (335 core Ca) 1.7 (341 core Ca) - 1.7 (117 core Ca)
9.0 (all Ca) 10.2 (all Cay)
AtDIR6 1.5 (408 core Ca) 1.5 (404 core Ca) 1.8 (251 core Ca), -
4.0 (all Ca) 7.1 (all Ca) 6.6 (all Ca)

“ The upper sector shows the superpositions of individual monomers. Values given are averages over all
the molecules in the asymmetric unit. The lower section pertains to the trimeric structure superpositions.
The rmsd values are in A and the number of Ca positions is given in parentheses for the matched core

atoms from SSM, or for all Ca atoms using ICM-Pro.
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Figure S1. Purification of PTSs. 4, GePTS1 and PsPTS1. B, GePTS1 mutants, DS0A, D83A, Y103F and
Y181F. The three lanes for each protein show elution with 300 mM imidazole (3 x 500 zd).
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Figure S2. Medicarpin formation from cis-DMI ((3R,4R) and (35,4S)) and trans-DMI ((3S,4R) and
(B3R,4S)). A and H, control (no dirigent protein) with cis-DMI ((3R,4R) and (35.,4S)) and trans-DMI ((3S,4R)
and (3R,4S)), respectively. Following a 30 minute incubation, both (+)- and (-)-medicarpins formed non-
enzymatically in small amount. B — G, incubation of cis-DMI ((3R,4R) and (35,4S)) with GePTS1 (10 ng;
B), PsPTSI (10 ng; C), and GePTS1 mutants: D50A (1 pg; D), D83A (100 ng; £), Y103F (100 ng; F) and
Y181F (100 ng; G). Following 30 minute incubation, depletion of (3R,4R)-DMI and formation of (-)-
medicarpin is observed in each case. I — N, incubation of trans-DMI ((35,4R) and (3R,4S)) with GePTS1
(500 ng; 1), PsPTS1 (1 pg; J), and GePTS1 mutants: D50A (1 pg; K), D83A (1 pg; L), Y103F (1 pg; M)
and Y181F (500 ng; N). Following 30 minute incubation, depletion of (35,4R)-DMI and formation of (+)-
medicarpin is observed in each case.



Figure S3. Electron density map. Final 2F,-F, electron density (blue mesh, contoured at 15) for (4)
GePTS1 and (B) PsPTS1 showing part of the map near the putative substrate binding site.



MTYYQSMSPTVLGFQEEKFTHLHFYFHDVVTGPKPSMVIVA
EPNGKAKNSLPFGTVVAMDDPLTVGPESDSKLVGKAQGIYT
SISQEEMGLMMVMTMAFSDGEFNGSTLSILARNMIMSEPVR
EMATIVGGTGAFRFARGYAQAKFYSVDFTKGDAIVEYDIFVE
HYRGELNSEKLEGEKPIPNPLLGLDSTRTGHHHHHH

Figure S4. GePTS1 sequence. The C-terminus His-Tag linker is in bold red.



Figure S5. Structure of the PsPTS1 monomers. Ribbon representation of PSPTS1 rainbow colored from
the N-terminus (blue) to the C-terminus (red). The [(-strands are labeled the same as for the GePTSl1
monomer (Fig. 5). The Q-loop is indicated, and the loops surrounding the active site opening are at the top
of the barrel.
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predicted signal peptide

MAKSTTFFISLTL-
MAKSSSFFITF---
MSNSK-

MAKS-----TFFVCLNLSL

MANSK-TT.SSTFF-TFLTTL.TFTL.FSFTVTANY
MAKSKNLTYIFT
MANTKHLTETEL == LVLULLESIFATAK-
MANF----1TFFLP--LALTLLFSSLVTASY
MANL KTFFISQTLTLTLLISTLVTATY
MAKSKALMPIFELSLNLLFL--FSSVVIASY
MTNSSKTISATLLVSLALITFLFSSTVNASY

MINS-KALCS----TFLINFLLIFSMVSASY
MAKSSTFPITLLISLNLTFLSIISLTTATNY
MANS-----TIFLCLNLSLL---ISLVTATY
MANS-----TIFFCLNLSLL---ITLVTATY
MAKS-—---TFFVCINLST.T,———FSTVTATY
MANS-----TIFLCLNLSLL---ISLVTATY
MAKS===== TFFT.CTNT.CT.T===TSAVTASY'

=PFLLL--SVVTATYYQSMSPTVLGFQEEKFTHLHEY]
FISLISFATATKYYQSLSPTMLGFCOEEKFTHLHEY]
--TFLSLTFFTTELEFSFVNATYYQDISPSFLGFKQEKLTHIHE:
MAKSSSSS5TT--=-=-VFVTFTL.FTTTTATATNY YQST.SPTMT.GFORRKT.THT.HFY]|
=-FSLVTATYYSSLTPTLLGFREEQFTHLHF
FSTVTATYYSSTTPTTLGFREEKFTHT.HF'
FSIVTATYYSST.TPTTL.GFREEKFTHL.HF
—-TFFICLNLSFL---FSLVIATYYSSLTPTLLGFNEEKFTHLHE'

IVLTLLESFATAKSHSFH

YONTPPTYT.GFREEKT.THFHFY]
SPTALGLOKEKLSHLHE!
SPIALGVOKIEKLSHLIEL
HQSISPSLLRS-REKLTHLREY)|
LHINISPSLVRS-REKLTHLIIEY,
SK11SPILLGFREEKLIHLHEY|
YEKISPTQLGFKEEKLTHLREE
YENLSPIHLGFKEEKLIHLREE
YQSLSPTMLGFQEEKEFTHLIIFY|
YQSLAPTLMGFREDKI THLIIFE
YQSLTPTLMGFREDKFTHLHE'
YSST.TPTTL.GFREEKFTHTL.HF
YOSLTPMLMGFREDKFTHLHE
YOSTTPTTMGFREDKFTHT.HF

MDNSK-TFLPTFT-TPTITLTFIFLSTASATY

J—-=-FSTVTATY
—LCVVKGSY
—-FSTVTATY

PLTVGPESDSKLVGKAQGT]

LPFGTVVAMDEBPLTAGPERDSKLVGKAQGI
LPFGSIVVLESPLTVGPELNSELI GKAQGE]
LPFGTVVAMDBPLTSGPERDSKLVGKAQGT
LPFGTVVAMDBPT.TVGPEQDSKLVGKAQGT
TLPFGTVVAMDEPTL.TVGPEQDSKTL.VGKAQGT
TPEGTVVAMDRPT. TVGPDHNSKT VGKAQGT]

LPEGTVVAMDEPLTVGPEHDSKLVGKAQGT

TPFGSTVVMFEPT.TTGPELDSKT.VGKAQGF]
AFFGILVMADEPLTVGPEPGSKLVGKAQGT
TLFGLLMMADBPLTVGPEPGSKLVGKAQGT
LPEGSQVVIEEPLT LGPDVESKQLGKAQGH
LPFGSQVVIERPLTIGPDVKSKEIGKAQGE]
LPECLVVAMDEELTEGPERDSKLVGIAQGL
LPFGSIVVMESPLTLGPELDSNLIGKAQGLIM
LPFCSIVVLEMPLTLCPELDSKLIGKAQGL
LPFGTVVAMDBPLTAGPERDSKLVGKAQGT
LPFGTVVAMDBPLTAGPEPDSKLVGKAQGT
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LPFGTVVAMDBPLTVGPEQDSKLVGKAQGT
TLPFGTVVAMDEBPTL.TAGPEPDSKLVGKAQGT
ILPEFGTVVAMDEPLTAGPEPDSKLVGKAQGT
TPEGTVVAMNDEPT. TTGPERNSKT.TGKAQGT|
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TPEGTVVAMNDBPT. TTGPFRESKT VGKAQGT
LPFGTVVAMDBELTAGPEPDSKLVGKAQGT

LPFGTVVAMDEPLTAGPEPDSKLVGKAQGT

VGGTGAFRFARGYAQMNKFY SVDFTKGDA TVE]
VGGETGAFRFVREYAQAKFFSVIFT TGDATVF
IGGTGEFRFARGFLOAKSHAVDYHEGDAH
VGGTGAFRFARGYAQMKFY SVDFT TGDATVE]
VGGETGAFRFARGYAQARFY SVDETKGDA TV
VGGTGNFRFARGYAQARFY SVDFTKGDAT
VGGETGAFREARGY AQAKEY SVDETKGDA LVE
VGGTGAFRFARGYAQAKFY SVDEFTKGDAT
1GGIGAFRIFARGEVOARSVKVDY OKGDAI'VE

IGGTGEFRFARGY ILARSVKVDYHKGDAT
IGCTGEFRFARCY ILARTVKVDYIIKGDAT
VGGTGAFRLARGHTEGKFHSVDEFTTGDAT
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IGGTGAFRFARGFVERKSVKVDYQKGDAT
LGGIGAFRFARGYAQAKY SVDEL KGDALVE
VGGTGAFRFARGYAQAKEY SVDETKGDAVVE]
VOO IGAFREFARCEAQAKL'Y SVDLT KCDAVVLS
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Figure S6. Amino acid sequence alignment of PTS from Leguminosae. Alignment was created using
Clustal Omega. ApPTS1 (Indian licorice, Abrus precatorius, XP_027352715.1), CaPTS1 (Cicer arietinum,
XP _004493624.1), CcPTS1 (chickpea , Cajanus cajan, XP_020213585.1), GePTS1 (Glycyrrhiza
echinata), (GmPTS1 (soybean, Glycine max, NP 001236934), GmPTS2 (GR830455), GmPTS3
(XP_003554228.1), GmPTS4 (NP _001353981.1), GmPTS-L1 (XP_003521234.1), GmPTS-L2
(XP_003554226.1), GmPTS-L3 (XP_003554227.1), GmPTS-L4 (NP _001236116.2), GmPTS-L5
(NP _001236254.2), GsPTS1 (Glycine soja, XP_028225437.1), LjPTS1 (Lotus japonica, FS322418),
LjPTS-L1 (AFK47764.1), LjPTS-L2 (AFK41387.1), MpPTS1 (Mucuna pruriens, RDX58397.1), MtPTS1
(Medicago truncatula, XP_003625317.1), PsPTS1 and PsPTS2 (Pisum sativum), PvPTS1 (Phaseolus
vulgaris, XP_007162362.1), SsPTS1 (Spatholobus suberectus, TKY62509.1), TsPTS1 (Trifolium
subterraneum, GAU31514.1), VaPTS1 (adzuki bean, Vigna angularis, XP_017417783.1), VrPTS1 (mung
bean, Vigna radiata var. radiata, XP 014495568.1), VuPTS1 (cowpea, Vigna unguiculata,
XP_027939702.1).
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Figure S7. Circular dichroism spectra of GePTS1 wild type and corresponding mutants in 20 mM Tris-
HCI, pH 7.9, 25 °C, normalized to reported concentrations
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Figure S8. 1D '"H NMR spectrum of cis-DMI in methanol- ds showing primary product multiplet analysis

performed with MestreNova 14.0.1 (Mestrelab Research, S.L.). See Figure S10 for J-resolved spectrum of

the multiplet at 6.39 ppm.
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Figure S10. Portion of the 2D 'H HOMO2DJ NMR spectrum of cis-DMI showing the overlapped
multiplet at 6.39 ppm is comprised of peaks at 6.37 ppm (1 H, dd, J = 2.5 and 8.3 Hz), 6.39 ppm (1 H, dd,
J=2.5and 8.5 Hz), and 6.41 ppm (d, ] = 2.1 Hz).
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Figure S11. 2D multiplicity edited [CH, CH3 up (red), CH, down (blue)] gHSQCAD NMR spectrum of
cis-DMI annotated with assignments.
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Figure S12. 2D gHMBCAD NMR spectrum of cis-DMIL.
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Figure S13. 2D gCOSY NMR spectrum of cis-DMI
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Figure S14. 1D '"H NMR spectrum of #rans-DMI in methanol-ds showing primary product multiplet
analysis performed in MestreNova 14.0.1 (Mestrelab Research, S.L.). The multiplet centered at 6.39 ppm
consists of peaks at 6.40 (1H, dd, J = 2.4, 8.7 Hz) and 6.38 (1H, d, ] = 2.7 Hz) ppm.
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Figure S15. 1D *C NMR spectrum of ¢rans-DMI in methanol-ds.
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Figure S16. 2D multiplicity-edited [CH, CH3 up (red), CH» down (blue)] gHSQCAD NMR spectrum of
trans-DMI annotated with assignments.
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Figure S17. 2D gHMBCAD NMR spectrum of trans-DMI.
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Figure S18. 2D gCOSY NMR spectrum of trans-DMI.
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