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Table S1. Oligonucleotides used in this study. The introduced restriction sites were underlined.

The SKIK and His-tag sequences introduced are shown with italic and bold letters, respectively.

primer names

sequences

SKIK-His-mslA-N(Ndel)

CGCATATGTCTAAAATAAAACACCACCACCACCACCACTCCGCTGTTTACGAGCCG

SKIK-His-mslA-C(HindIII)

ACAGAAGCTTTCACCAGAAGCAGACGATCG

msIH-pET-N(Ndel)

ATAGTAACATATGACCCGGCTGACGGTGGCCCTGTC

msIH-pET-C(EcoRI)

AAGAATTCTCACGCCACGTCGAGCGCCAGCTC

msIH-pCDFDuet-N(EcoRI)

TAGTAAGAATTCCATGACCCGGCTGACCGTGG

msIH-pCDFDuet-C(HindIII)

ATGTAAGCTTCACGCCACGTCGAGAGCC

msIH-pSTV28N-N(Ndel)

CATCACCACATATGGGCAGCAGCCATCACC

msIB1-N(BamHI)

TGTAGGATCCTAAGCTGACCCTCGCCCG

mslB 1-C(HindIII)

TAGCTAAGCTTTCATGAGGCCACCTCCACG

msIB1-N(Ncol)

CTCAACCATGGATCCTAAGCTGACCCTCGCC

mslC-pCola-N(Ndel)

GCATCTTGACATATGCATCATCATCATCATCACATGGAATTCGTGGTTCTTCCGGACAGTC

mslC-pCola-C(Mfel)

GCATCTTGACAATTGGCTTCATCCGAGTTCTCCCGAGTGCG

mal-msIC-F

AGAAGGAGATATACATATGAAAATCGAAGAAGGTAAACTGGTAATCTGG

mal-mslC-R

GATGATGATGATGCATAGAAATCCTTCCCTCGATCCCG

msIB2-pCola-N(BamHI)

TGTAGGATCCGATGACCACTCCCGCCGTGGCCGAAC

msIB2-pCola-C(EcoRI)

TGTAGAATTCTCAGCGGCTCCCGTCGATGCG

mal-msIB2-F

AATAAGGAGATATACCATGGAAATCGAAGAAGG

mal-msIB2-R

TGATGGCTGCTGCCCATGCCCATATGTGAAATCCTTCCCTCG

msl-Spel-Sphl-F

CTAGACTAGTGCCACGCCAACCG

msl-Spel-SphI-R

ACATGCATGCGGGGCGCGAAC

msl-fragl-MS271-W21F-R

GACGTGATCAGAAGAAGCAGACGATCG

msl-frag2-MS271-W21F-F

GATCGTCTGCTTCTTCTGATCACGTC

msl-frag]-MS271-W21Y-R

GACGTGATCAGTAGAAGCAGACGATCG

msl-frag2-MS271-W21Y-F

GATCGTCTGCTTCTACTGATCACGTC

msl-frag]-MS271-W21V-R

GACGTGATCAGACGAAGCAGACGATCG

msl-frag2-MS271-W21V-F

GATCGTCTGCTTCGTCTGATCACGTC

msl-fragl-MS271-dW21-R

GACGTGATCATCAGAAGCAGACGATCG

msl-frag2-MS271-dW21-F

GATCGTCTGCTTCTGATGATCACGTC

msl-fragl-MS271-dI17-R

CAGAAGCAGACCGCGTAGCCGCAG

msl-frag2-MS271-dI17-F

GCTACGCGGTCTGCTTCTGGTG

msl-fragl-sviceucin-R

AGGAAGTCGGTGCAGTCTCCGCCCCACACACACTTCGTGAGCTCCTCGAAGTC

msl-frag2-sviceucin-F

CGGAGACTGCACCGACTTCCTCGGCTGCGGCACCGCCTGGATCTGTGTCTGATCACGTCCGGTGCC

msl-fragl-svi-W-R

GTGATCACCAGACACAGATCCAGGCGG

msl-frag2-svi-W-F

CCTGGATCTGTGTCTGGTGATCACGTC

msl-fragl-svi-CFW-R

GACGTGATCACCAGAAACAGATCCAG

msl-frag2-svi-CFW-F

CTGGATCTGTTTCTGGTGATCACGTC

msl-fragl-svi-VCFW-R

CAGAAACAGACCCAGGCGGTGCC

msl-frag2-svi-VCFW-F

ACCGCCTGGGTCTGTTTCTGGTG

msl-fragl-svi-AIVCFW-R

AAACAGACGATGGCGGTGCCGCAG

msl-frag2-svi-AIVCFW-F

GGCACCGCCATCGTCTGTTTCTGG




Table S2. Plasmid constructions

lividans:msIR2.

and heterologous expression of MS-271

derivatives in S.

plasmid names

expected products

core peptide sequences

primers used for the first PCR

plasmids used for

msl-frag2-sviceucin-F and msl-Spel-Sphl-R

(molecular weight) (top: for fragment 1, bottom: for fragment 2) PCR template
pWHM3-ms-MS-271-W21F | MS-271-W21F (2124.5) CLGVGSCNDFAGCGYATVCER 2:{?;};2231\}/)12125 la'\‘gz“l‘;llf':i:‘n’ljz;jdwsigﬁ pWHM3-msl
PWHM3-ms-MS-271-W21Y | MS-271-W21Y (2140.5) CLGVGSCNDFAGCGYATVCEY 2:{?;};2231\}/)12125 131\15332%11(122512;;}’\152;1?1% PpWHM3-msl
PWHM3-ms-MS-271-W21V | MS-271-W21V (2076.5) CLGVGSCNDFAGCGYATVCEY 2:{?;};2231\}/)12125 131\15332%11(12232;;}’\152%% PpWHM3-msl
pWHM3-msl-MS-271-AW21 MS-271-AW21 (1977.3) CLGVGSCNDFAGCGYATVCE ﬁiiﬁ’;?zsﬁ'élzg lag‘zv"z‘jllf':ﬂ[ﬁzg;efgﬁﬁ pWHM3-msl
pWHM3-msl-MS-271-A117 MS-271-AI17 (2050.4) CLGVGSCNDFAGCGYAVCE ﬁiiﬁ’;?zsﬁ'élzg f‘;‘h‘;‘i}_i’:ﬂnyssigg; Lijg pWHM3-msl
pWHM3-msl-svi sviceucin (2084.4) CVWGGDCTDFLGCGTAWICV msl-Spel-Sphl-F and msl-fragl-sviceucin-R pWHM3-msl

pWHM3-msl-svi-W

Svi-W (2270.6)

CVWGGDCTDFLGCGTAWICVW

msl-Spel-SphI-F and msl-frag1-svi-W-R
msl-frag2-svi-W-F and msl-Spel-SphI-R

pWHM3-msl-svi

pWHM3-msl-svi-CFW

Svi-CFW (2318.7)

CVWGGDCTDFLGCGTAWICEW

msl-Spel-SphI-F and msl-frag1-svi-CFW-R
msl-frag2-svi-CFW-F and msl-Spel-Sphl-R

pWHM3-msl-sviW

pWHM3-msl-svi-VCFW

SVi-VCFW (2304.7)

CVWGGDCTDFLGCGTAWVCEW

msl-Spel-SphI-F and msl-frag1-svi-VCFW-R
msl-frag2-svi-VCFW-F and msl-Spel-SphI-R

pWHM3-msl-sviCFW

pWHM3-msl-svi-AIVCFW

Svi-AIVCFW (2231.6)

CVWGGDCTDFLGCGTAIVCEW

msl-Spel-SphI-F and msl-frag1-svi-AIVCFW-R
msl-frag2-svi-AIVCFW-F and msl-Spel-SphI-R

pWHM3-msl-sviVCFW
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Figure S1. Msl-like clusters. (A) The gene organizations of the clusters. Identities to Msl proteins
from Streptomyces sp. M-271 are shown in parentheses. (B) Sequence alignment of precursor

peptides.



MS-271

: Streptomyces diastatochromogenes
NBRC 13389

Streptomyces griseorubiginosus
NBRC 12899

Streptomyces nodosus
NBRC 12895

Streptomyces olivochromogenes
NBRC 3561

w Streptomyces sp. M-271

25 30 35 40
retention time (min)

absorbance at 277 nm

Figure S2. Production of MS-271 by Streptomyces strains harboring ms/-like gene clusters.
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Figure S3. SDS-PAGE analysis of protein expressions of MslA (5.8 kDa), MsIB1 (10.4 kDa),
MslH (49 kDa), MsIB2 (65 kDa), and MsIC (110 kDa) for in vivo analysis. Samples include
supernatant (sup) and precipitate (pre) fractions of the transformants expressing MslA (Lanes 1
and 2), MslA + MslIH (Lanes 3 and 4), MslA + MsIB1 (Lanes 5 and 6), MslA + MslH + MsIB1
(Lanes 7 and 8), MslA + MslH + MsIB1 + MsIB2 (Lane 9), and MslA + MslH + MsIB1 + MsIC
(Lane 11). To confirm protein expression of MslH, MsIB2, and MslC, the Ni-NTA purified
fractions (puri) from the transformants expressing MslA + MsIH + MsIB1 + MsIB2 (Lane 10) and
MslA + MslH + MsIB1 + MsIC (Lane 12) were also analyzed (MslH, MsIB2 and MsIC are marked
with triangles.).
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Figure S4. SDS-PAGE analysis of purified proteins for in vitro assay. Lane 1: Cell-free extract
from the E. coli BL21(DE3) transformant harboring pET21-SKIK-His-mslA and pCDF-msIBI.
Lane 2: Elution fraction of His-tagged MslA (5.8 kDa) after the Ni-NTA column was washed with
high salt buffer (wash buffer I containing 2 M NaCl). MslIB1 (9.2 kDa) was copurified with His-
tagged MslA. Lane 3: Elution fraction of His-tagged MslA using denaturing conditions. Lane 4:
Purified His-tagged MsIB1 (10.4 kDa). Lane 5: Purified His-tagged MsIH (49 kDa).



50

w e
o o

conversion (%)
N
(e]

10

— 1 T 1 1 1T T 1T T 1T T° 711
10 20 30 40 50 60

reaction time (min)

T
960
e with MsIB1
» without MsIB1

Figure S5. Plot of reaction time (5 min, 60 min, and 16 h) versus conversion from MslA to its

epimer by MslH reaction in the presence and absence of MsIB1. The conversion (%) was

calculated based on the peak area of chromatograms of UV absorbance monitored at 340 nm.



Summary (rank 1-5)

template | 3D model |confidence | % identity template information
d1t70a_ Fold:Metallo-dependent phosphatases
A—— 100.0 20 Superfamily:Metallo-dependent phosphatases
4 385 Family:DR1281-like
dit71a_ Fold:Metallo-dependent phosphatases
—_— 100.0 17 Superfamily:Metallo-dependent phosphatases
1 398 Family:DR1281-like
c4b20B_ PDB header:hydrolase
100.0 21 Chain: B: PDB Molecule:;ymdb phosphodiesterase;
4 385 PDBTitle: crystal structure of bacillus subtilis ymdb,
a global2 regulator of late adaptive responses.
d2z06al Fold:Metallo-dependent phosphatases
I—— 99.9 30 Superfamily:Metallo-dependent phosphatases
4 313 Family:TTHA0625-like
d1lusha2 Fold:Metallo-dependent phosphatases
I—— 998 16 Superfamily:Metallo-dependent phosphatases
3 420 Family:5'-nucleotidase (syn. UDP-sugar hydrolase),
N-terminal domain

Alignment with d1t70a_

f w
:
Query Sequence L TVALSGDCMATRGA 5 GADFAVTNLEVVPSDGRGHPVHNAAGGGC

Template Sequence MRY L F1 GDVF G PG P FDEVIVNMENSAGG
Template Known Secondary structure v BBA. . . .| S TBTTTT o oo o e« oo o
Template Predicted Secondary

F . = ) @

structure. AAARAR s . . .
i 10 v » -
o, n . 0 2 w . - . 1 S
ARARLLLAL ALLLLLLLLRAAR AR
Query Sequence L I ADSGVLDEI TAAGFTVLGCANNHAMDLGTEGVLGTVDLLRSRRIPFAGIGADLT RR
Template Sequence F GMHRDAARGALEAGAGCLTLGHENHAWHHK MO YPMLSEDTYPI VRPLNYADPGTPGVG
Template Known Secondary structure ECTm ST T T Y e LTITTTSST . .TRARRRKART T—5S S TT—5S—S
Template Predicted Secondary T T I I am T T
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5 E @ » " »
i, 19 e 3 Yt e 10 5 o L 0
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Figure S6. Phyre2 analysis of MslH.
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Top 10 threading templates used by I-TASSER

Rank PO Iden Idenz Cov Norm = % = = = =
e = I I | I | I
scors
S, St 55555555550 CETLECECTCCCHH I HECSS 5555 SO EECECECECCCCCECES SCECH HHHHHHHCECS SSCCCCCCCCCHHHIEH I HICCCESSCECETIR
Seq VTRLTVALSGDC! RGAVISSDS HELLHGADF AVTHLE\ LTADSGVLDE [TAAGFTWLGCANUHAMDLGTEGVLGTVDLLRSRRIPFAGIGADLTT
1 087 071 METQULVVWKDF LYNAQFLWF < PERYNKQIDRL QDL GLEWVRLDLHWDR LETAE - - - --DQYQLASLDQLVXDL EARQUKSVFYLVGSARFIT! AP FYSPFQDQYPPROPEV
o 5 068 135 TVKT TVLHTNOHHGHFWRNEYGE VG LAAQKT VDGGSVL LLSGGOTHTGY - - -- - - - - -CESDLQDAE PDF RGMNLVGYDAMATG- HEFONPL TVL R - - QQEKHAKFP LLSANSTGER
3 070 085 TVKI NOHHGHFWRNEYGEYGLAAQKT LVDGISVL LLSGGDINT - - -GV ESDLQDA- - - - - - EPDF RGMNLVGYDAMATG - {HEFDNPLTVLRQQEKUA- - - KFI'LLSANTYQKL
a 057 308 Faor. ROAARGAL EAGABEL TL -6/ 1SUHHKDYENL 5 YPIVAPLIYAD. -PGTA-
E] 056 264 HRDAARGALEAGAGCLTL -G HAWHHKDYPML S TYPTVAP LNYADPEG
6 3 080 100 LRGLDVSRTGS- - - GAQWNTGTRPPTFTVFRL SGPERLYA A LAl T QSYDOTLS TRADGD
7 043 307 , Py — HROARGALEAGAGEL TL -G UHEIKOYPH. 5 ¥PTVTPLIADPY.
8 LT0A 0.16 018 057 172 F - =~ ~GPGRRVLQNHLPTIRPQF DFVIV! ME FGHHROAARGALEAGAGLL - TLGHAKHHKDT YPMLSEDTYY IVRNY,
9 lzlaA 021 023 002 090 FT-LTLVHTNDTHAHLEPYL - GEGGVARRVALFI -1 AGDGTLYFHQG LADRMHRLAYRAM -ALG HEFDLGPGPL - - - ADFLKGARFEV- -WSANVDA
10 lmdA 013 023 065 250 - -KITVLHTNOHHGHFWR - - -GEYGLAAQKT LVOGKEVAAEGGSVLLLSGGD - - - - INTGESDLQDAEPDF RGHNLVCYDAMATG - \HEFDNPLTVLRQQEKMA- - -KF LLSANIYQKS
10 160 150 20 20 20 260 290

IHECSSS5SCCSS555555CCC0CCCCCCCCCECCEECEECCCrEOCCHHHCCCCHICCCCCCCECOCHHHINY SCCCCCCCOCCCCHIHHHHHIHHHHHIEICCCSSSSSSCCCCCCCCOCCCCHHHHHHIH
Aknvwvbkvﬁ&slALLAcm:Lveu[»uwsv[LliKvmvarusATannvuvawnuﬂncwn!umnnmmvnLGDDRLsLFwnKLDD(Pz-FTTrchuuLDnsvwainﬁmmwuswsu[vqucrne[:wmw

FARRMLSQRYPSVAARQVINIEP HLIGFHRPKAD EGYAKLLQASTIALRKNDPEK VVSAGHAF F SENPDGRTMFDALGHLGVE SLGTIA | YHPYTQLIEGHYPWILDFVSHANQIHRALRHAGVPAT: TEWGYKG KELQDIIGVEGQADY
LFKPALFKRS TOOTAKTGNPEYE ------- TOTEFRKPADEAKLVIQELOQ- TEKPOTLTAATHMGHYDNEHGSHAPGOVEHARA
AATHMGHYDEHGSHAP - GDVEMARA

FKPHALFKEQELKIAYIGL | TODTAKIGH - PEYFT DIEFRK PADEAKLVIQELQQTPO

GUGRTFDVNGEKL TYVNLL LERD-~DLGTVFVDEHAEATS <=~ - - - EXEAMG-W
~VGNRTFDVNGEKLTVVHLLGRVFH- - ==~~~ =- - o mmomem oo - VDI~ -PFRTHDAL LERD~ ~DLGTVFVDFHAEAT -~ - - - - - SEKEAMG-H
IARVEVLELADPPRLAVDLFGYGLATRAPRVK: GAL RDVRVGAHADKYRLVLDVAGT KDVAFEESSSGGRIVMKLSG! SGHKVDRPDPRSAVLTLONARL PKKF ERSLOTSALDTPYKHISAR SVPGAGGKVRLIWAADGALE EKVSQSAGTLSHRLYR
~VGHATFOVNGEKL TYWNLLGRVF - -HE - - -~ ~~~NP -~FRTMDAL LERD- ~DLGTVFVDEHIAEAT - -~ -~~~ SEKEAHG-H
PGVGRTFOVNGEKL TYVILLGRV. FMEAVDMPFATMOAL LE - - - - - RDDLGTVF VDFHAE ATSEKEAMGH

SREFAVIAN AEAKVDLVGEVRRRESHLGHLTTDG

FRVGTIGLT TP~ -DTRE IS GF TV - -AFLDFYESASVYEL LAKGUNKTUVL - SHLGYGEDLKLARRL M7 PEAAR EDFEAL LAYAQPUMAL MOQVT.

TGERALFKFQDLKIAVIGL T TOOTAKIGHPE - - -~~~ YFTDIEFRK~ --PADEAKLVIQELQQTROTITAATHMGHYDN- -GEX GDVEMARALP
200 320 340 368 380 400 a2 a0

| I | | | | | |

HiHCCCessssececeee c CCEEECETEOEeeereCessssCCCCCCCaCeeeeeeteCEeeereaceeees CCCCHHHCCESSSCCHHHHHIHHHHHHHHHIHHCCS SSSCCECS SSSSSSCC
VIDEGADVVVGHGPHE LRGYEL YRNRPTFYSLGHTVSQIE L T SGHGTRL UL THODGTLVTANLHPVDLGFALPVIARGRPAADQAEAKETL TEVARL SESYGTTVRAGAGGARELLLOVA

VLRR- - - LALMSALDY DRIFLFTL DLDQRASVRDADYGLLDLOAN VTGPKLRPADPPY |EDLPDG FSIGH ! REDGR- - - -NVULFUSARGGNY. RLPKLKEAT - LHDPLS: GRVTPLSGSDGLEVPVKSS
VHEWGKYV-

EHIKQ- -VD YV G TPCKPDQQGTHI VAN EWGKYVGRADF EFRI
HDS IGSATEG? LQRFL -~ TEAPH-RYGVGRAEL HGVALHFE - -G

~TGSATEGPLQRF LTE- -RPHRYGVAEGRAELNGVALHF E-~G
DOVSGEYTIRLANY: WDQALOLVLRTK:. LGKEEFGNIT

GKAVSFEFKDIDIQL LRVIAE ISK
HLAGRVAAVTGTHTHWPTADTRI
HLAGRVAAVTGTHTIWPTADRILKGGT2 EGPLQRFLTERPHRYGVAEGRAELNGVAL HF EGGK!
GIRAST - - -PKG/ IVLPFGIITLVWMDLKGKE LLAALENGVSQUEN AGRFFOLSAPAGSAVVRVEVKTEKGYV! - - -LOLEATYRVVVINAN
(GHSQDPVCHAAEDYVS CKPDQQ GTHIVQA-~ S EFRGEMKMVINYQLIFYNLTPE

EAQGYRVOTSDAESFIDYLKE e
~TAENQQHISLLSPFQNKGKARL -~ -EVKI -

AGLEGRIE-VLNEP

Predicted function using COFACTOR and COACH

Ligand Binding Sites

Rank  C-score PDBHit Lig Name Bigand Binding Site Residue
0.06 S5bxaA  MAN 19,20,49,322

0.05 Tuh3A GLD 32,35,36

0.05 NA NA 15,18,43,45,67,70,71,83,133,135
0.05 4ucfC  POL 76.77

b wN =

Enzyme Commission (EC) numbers and active sites

5bx9A (PsIG from Pseudomonas aeruginosa)
Classification: HYDROLASE
Organism(s): Pseudomonas aeruginosa PAO1

1018 (5'-Nucleotidase (E. coli) with an Engineered Disulfide Bridge
(P90C, L424C))

Classification: HYDROLASE

QOrganism(s): Escherichia coli

THPU (5'-NUCLEQTIDASE (CLOSED FORM), COMPLEX WITH AMPCP)
Classification: HYDROLASE
Organism(s): Escherichia coli

1T70 (phosphatase from Deinococcus radiodurans)
Classification: HYDROLASE
Organism(s): Deinococcus radiodurans R1

3JC8 (type IVa pilus machine in a piliated state)
Classification: MOTCR PROTEIN
QOrganism(s): Myxococcus xanthus DK 1622

2Z1A (5-nucleotidase precursor from Thermus thermophilus HB8)
Classification: HYDROLASE
Organism(s): Thermus thermophilus HB8

10ID (5'-Nucleotidase (E. coli) with an Engineered Disulfide Bridge
(5228C, P513C))

Classification: HYDROLASE

Organism(s): Escherichia coli

0.05 NA NA 11,12,13,14,42,44,46,49,86,140,144,146,220,259,262

Rank  CscoreEC PDB Hit TM-score RMSDa IDENa Cov EC Number Active Site Residues

VbW =

Figure S7. I-TASSER analysis of MsIH.
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0.175 TkwgA 0.634 4.09 0080 0.770 3.2.1.23 NA
0.174 1px8A 0.696 4.24 0.078 0.859 3.2.1.37 NA
0.174 luhvB 0.696 4.26 0.076 0.859 3.2.1.37 36

0.174 2bfgA 0.696 4.25 0.094 0859 3.2.1.37 141
0.173 2bs9E  0.695 4.27 0.086 0.859 3.2.1.37 NA
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Figure S8. InterProScan analysis of MsIH. Putative metal binding sites and active sites are
labeled.
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Figure S9. Metal dependency of the MsIH reaction.

13



A Intens.|

3000+

201221hokudai_samplel-5th_P1-D-1_1_804.d: +MS, 10.1min,  5p00]
Deconvoluted (MaxEnt, 505.93-2837.30, *0.61875, 10000)

1+
49290.1928

simulated spectrum for
C2153H3424N6520652513

5
x10 1000
6,
49290.6594 0
49200 49250 49300 49350 49400
m/z
>
= 6 - 49290.6594
n
5 4 49469.2721
- 4
c

"49250

49300 49350 " 49400
m/z

0 T T T ‘ i
48500 49000

0.7 4

0.6 277 nm

0.5 1

0.4 1

ABS

0.3 1

0.2 1

0.1 1

300 400 500 600 700
wavelength (nm)

Figure S10. Spectroscopic analysis of MslH. (A) protein MS spectrum of purified MsIH. The inlet
spectra are enlarged spectrum from m/z 49200 to 49400 (bottom) and simulated spectrum for MslH
(top). A peak at 49290.6 was consistent with the molecular formula (C,;53H3424N6520¢52S13) and
its estimated mass (highest signal at 49290.2) calculated based on the amino acid sequence of
MslIH without N-terminal Met residue. A peak at 49469.3 is due to a-N-6 gluconoylation (+178)
commonly observed for N-terminal His-tag fused protein (K. F. Geoghegan et. al., Anal. Biochem.

1999, 267, 169). (B) UV-vis spectrum of MslH.
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Figure S11. Mass spectra (ESI-negative, low-resolution [left] and high-resolution [right] data) of
MS-271 derivatives. (A) MS-271-W21V, (B) MS-271-W21F, (C) MS-271-W21Y, and (D)
sviceucin. D-Amino acid-containing products confirmed by chiral analysis are marked with an
asterisk.
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Figure S11 (continued). Mass spectra of MS-271 derivatives. (E) svi-W, (F) svi-CFW,

VCFW, and (H) svi-AIVCFW.
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Figure S12. Chiral analysis of MS-271 derivatives. (A) Phe in MS-271-W21F, (B) Tyr in MS-271-
W21Y, (C) Trp in svi-W, (D) Trp in svi-CFW, (E) Trp in svi-VCFW, and (F) Trp in svi-AIVCFW.
The LC-MS chromatograms of L-FDLA derivatives of Phe, Tyr, and Trp were monitored at m/z
458, 474, and 497, respectively. Peak areas in UV traces at 340 nm are shown in the
chromatograms. The amino acids subjected to chiral analysis are highlighted in yellow in the

structures.
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Figure S13. Reported D-amino acid introduction in RiPP biosynthesis. Reaction mechanisms of
(A) a radical SAM-dependent epimerase, (B) an a/B-hydrolase family epimerase, and (C) a two-

step introduction of D-amino acid residue.
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