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Figure S1. Chromatographic profiles at 210 nm of the D-FDVA adducts of serine references: [M+H]* =
386, [M+Na]* = 408; D-serine (RT = 6.857 min) and L-serine (RT = 8.065 min) for the compound 2.
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Figure S2. Chromatographic profiles at 210 nm of the single D-FDVA adducts of ornithine references:
D-ornithine (RT = 3.557 and 5.326 min) and L-ornithine (RT = 3.182 and 5.325 min). Double D-FDVA
adducts of ornithine references: D-ornithine (RT = 27.655 min) and L-ornithine (RT = 26.136 min) for the
compound 2.



g
6472

D-FDVA

B-Ala-D-FDVA
Gly-D-FDVA

D-Ser-D-FDVA 3 g
&

1014

- S L-Orn-D-FDVA Na-methyl-L-Orn-D-FDVA
250-| N %]

g 8 g 8

iﬂ ﬂ‘ q s

ol N o |

T T T T T T
5 0 15 2D 25 k) i

Figure S3. Chromatographic profiles at 210 nm of the D-FDVA adducts for the compound 2: D-serine
(RT = 6.793 min, m/z 408 [M+Nal*, m/z 386 [M+H]*), glycine (RT = 10.491 min, m/z 378 [M+Nal*, m/z 356
[M+H]*), B-alanine (RT = 13.444 min, m/z 392 [M+Nal*, m/z 370 [M+H]*), double D-FDVA adduct of
L-ornithine (RT = 26.164 min, m/z 715 [M+Na]*, m/z 693 [M+H]*), double D-FDVA adduct of Na-methyl-
L-ornithine (RT = 31.036 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).
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Figure S4. Chromatographic profiles at 210 nm of the L-FDVA adducts for the compound 2: D-serine
(RT = 8.097 min, m/z 408 [M+Nal*, m/z 386 [M+H]*), glycine (RT = 10.493 min, m/z 378 [M+Nal*, m/z 356
[M+H]*), B-alanine (RT = 13.452 min, m/z 392 [M+Na]*, m/z 370 [M+H]*), double L-FDVA adduct of
L-ornithine (RT = 27.734 min, m/z 715 [M+Na]*, m/z 693 [M+H]*), double L-FDVA adduct of Na-methyl-
L-ornithine (RT = 29.880 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).
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Figure S5. Chromatographic profiles at 210 nm of the D-FDVA adducts of serine references: [M+H]* =

386, [M+Na]* = 408; D-serine (RT = 4.968 min) and L-serine (RT = 5.828 min) for the compounds 1, 3 and
4.
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Figure S6. Chromatographic profiles at 210 nm of the single D-FDVA adducts of ornithine references:
D-ornithine (RT = 2.541 and 3.480 min) and L-ornithine (RT = 2.289 and 3.484 min). Double D-FDVA
adducts of ornithine references: D-ornithine (RT = 25.864 min) and L-ornithine (RT =24.125 min) for the
compounds 1, 3 and 4.
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Figure S7. Chromatographic profiles at 210 nm of the D-FDVA adducts for the compound 1: D-serine
(RT = 4.940 min, m/z 408 [M+Na]*, m/z 386 [M+H]*), glycine (RT =7.863 min, m/z 378 [M+Nal*, m/z 356
[M+H]*), B-alanine (RT = 10.272 min, m/z 392 [M+Na]*, m/z 370 [M+H]*), double D-FDVA adduct of
L-ornithine (RT = 24.425 min, m/z 715 [M+Na]*, m/z 693 [M+H]*), double D-FDV A adduct of Na-methyl-
L-ornithine (RT =29.972 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).
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Figure S8. Ion extraction of serine-D-FDVA adducts in compound 1: D-serine (RT = 4.932 min, m/z 408
[M+Nal*, m/z 386 [M+H]J").
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Figure S9. Ion extraction of the double ornithine-D-FDVA adducts in compound 1: L-ornithine (RT
24.397 min, m/z 715 [M+Nal*, m/z 693 [M+H]*).
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Figure S10. Ion extraction of the double Na-methyl-ornithine-D-FDVA adducts in compound 1: No-
methyl-L-ornithine (RT = 29.952 min, m/z 729 [M+Nal*, m/z 707 [M+H]").
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Figure S11. Chromatographic profiles at 210 nm of the D-FDVA adducts for the compound 3: D-serine
(RT = 4.931 min, m/z 408 [M+Na]*, m/z 386 [M+H]*), glycine (RT = 7.880 min, m/z 378 [M+Na]*, m/z 356
[M+H]"), B-alanine (RT = 10.291 min, m/z 392 [M+Nal*, m/z 370 [M+H]*), double D-FDVA adduct of
L-ornithine (RT = 24.405 min, m/z 715 [M+Na]*, m/z 693 [M+H]*), double D-FDVA adduct of Na-methyl-
L-ornithine (RT =29.984 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).
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Figure S12. Ion extraction of serine-D-FDVA adducts in compound 3: D-serine (RT =4.931 min, m/z 408
[M+Nal*, m/z 386 [M+H]").

10



1021

D-FDVA

210 nm

L-Orn-D-FDVA

=

k] i

EIC [M+Na]* = 715

k) i

9 EIC [M+H]* = 693

T T T T T T T T T T T T T T T T T T T T T
5 0 <) i) 5

T T T T T
] i

Figure S13. Ion extraction of the double ornithine-D-FDVA adducts in compound 3: L-ornithine (RT =

24.426 min, m/z 715 [M+NaJ*, m/z 693 [M+H]").
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Figure S14. Ion extraction of the double Na-methyl-ornithine-D-FDVA adducts in compound 3: Na-

methyl-L-ornithine (RT = 29.978 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).
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Figure §15. Chromatographic profiles at 210 nm of the D-FDVA adducts for the compound 4: D-serine
(RT = 4.911 min, m/z 408 [M+Na]*, m/z 386 [M+H]*), glycine (RT = 7.871 min, m/z 378 [M+Na]*, m/z 356
[M+H]*), B-alanine (RT = 10.272 min, m/z 392 [M+Na]*, m/z 370 [M+H]*), double D-FDVA adduct of
L-ornithine (RT = 24.469 min, m/z 715 [M+Na]*, m/z 693 [M+H]*), double D-FDVA adduct of Na-methyl-
L-ornithine (RT = 29.857 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).

D-FDVA 210 nm
01

2 @8 DSerDFDVA B §
@JL\‘TJ\F FAS

T T T T T T T T T T T T T T T T T
10 <) i) 2 30

T
5
-
200] >

EIC [M+Na]* = 408

EIC [M+H]* = 386
0000

T T T T T 7
5 10 15} D 25 30 L

Figure S16. Ion extraction of serine-D-FDVA adducts in compound 4: D-serine (RT = 4.911 min, m/z 408
[M+Na]*, m/z 386 [M+H]).
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Figure S17. Ion extraction of the double ornithine-D-FDVA adducts in compound 4: L-ornithine (RT =
24.442 min, m/z 715 [M+Nal*, m/z 693 [M+H]*).
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Figure S18. Ion extraction of the double Na-methyl-ornithine-D-FDVA adducts in compound 4: No-
methyl-L-ornithine (RT = 29.978 min, m/z 729 [M+Nal*, m/z 707 [M+H]*).
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Table S1. ORFs present in the madurastatin BGC from Actinomadura sp.CA-135719. A comparison with the ORFs present in the mad and rene BGCs is shown.
Homologies with ~ Homologies with red

mds Function Length Closest BLAST homolog mat% clus?er cl.uster.
gene ®p) Reference Strain %Identity/Similarity (0./0 l.d en.hty/ (0./0 l.d en.tll'y/
similarity) similarity)
1____Moffamilyprotein . 600 . WP 1630639771 _________Actinomadura bangladeshensis _________________ BB
____________________________________________________________________________________________________________________________________________ 8008 e
_____________________________________ 8388 e,
........................................................................................................ 95096 .
_______________________________________________________________________________________________________________ 87/90 ... Maded(77/8%) ...
ONIN L RRONTSN ee e e RB901649 (82087)
___________________________________________________________ e
.......................................................................................................... 08l .
___________________________________________________________________________________________________________ 88100 e
..................................................................................................... L
____________________________________________________________________________________________________ 0 .
......................................................................................................................... 03I L
tional regulator __________________________.79%_____ Wr_1l1831486.1 ______________Actinomaduramadurae . 93098 ... _RBY9.01648(83/89)
Otein LRSIl . RE%0l647(8791)
othetical protein . ... 147 _ WP 0215978371 ______________ Actinomaduramadurae ___________________ 90095 ... RBY9 01646 (81/89)
orter permease __________________________________ 1638 __ _ WP 2508704181 ______________Actinomaduramaduree ___________________ 92095 ... Mad68 (77/85) _____RB99,_01645 (78/86) __
otein _____ ... %8 ___  WP021599067.1 ______________ Actinomaduramadurae ___________________ 9097 . Made67 (90/94) _____RB99_01644 (89/93)
nomadura madurae . 89093 ... Mad66 (78/85) _____RB99_01643 (75/82)
porter family permease subunit 1050 ____  NVI902221 __  ______Actinomadurasp.BRA177 . 85/89 ... Made5 (86/89) _____RB99_01642 (80/86)
_..20____Ironchelate uptake ABC transporter family permease subunit 1020 = WP_1321607341 __ _______Actinomadurasp.7K507 88/93 ... Madé4 (90/94) _____RB99._01641 (86/90)
______________________________________________________________________________________________________________________________________________ 9293 ... Made3(87/91) __ ____ ReneQ(83/87)
______________________________________________________________________________________________________________________ 95097 ... Mad62(88/93) ______ ReneP(79/83)
____________________________________________________________ 98/99 .. _____Mad6l(94/98) ______ReneQ(8591) ___
_________________________________________________________________________________________________________________________ 95097 ... Made0(87/92) ______ ReneN (82/90) ___
......................................................................................................... L
____________________________________________________________________________________________________ T8l80 e
.................................................................................................................................... e
main-containing protein | ... __________ 975 NVIST4S81______ Actinomeduramadurae _______ 887 .
__.31____ threonine/serine dehydratase ||| ... 930 __ WP O88950310.1 ____ _ ____ Micromonosporazamorensis ||| _ 6474
......................................................................................................................... L
468 KKP60044.1 Candidatus Roizmanbacteria bacterium 55/71

GW2011_GWA2_34_18

WP 919150.1 Brevibacillus fluminis




11898 WP_024934912.1 Actinomadura madurae 92/94 Mad30 (86/89) RenelL (80/85)

____________________________________________________________________________________________________________________________________________ 9194 . Mad29(80/87) ______ReneK(77/87) ___
________________________________________________________________________________________________ 9597 ... . Mad28(89/92) ______ Rene](86/89) ___
___________________________________________________________________ 198 WP 2552730691 _____ Actinomaduramadurac ___97/98 ________ Mad27(88/90) ______ Renel (78/84)
________________________________________________________________ 864 WP 0215936771 __ _______.____ Actinomaduramadurae 8993 ______ . Mad26(81/90) ______ReneH (80/90) ___
.............................................................................................................................................. 90/95 _________Mad2500/91) ______ReneG(90/95) ___
____________________________________________________________________________________________________________ 82/88 o ......ReneF(82/88)
hosphotransferase family protein 1032 WP 2449386291 ____________ Actinomaduramadurae 9094 ____________________________ ReneC(79/85) __
ydehydratase | L1l [ 4%3 WP 215936751 Actinomaduramadurae ||| _ " " 98098 ______________________ ReneB(859)
_____________________________________________________________________________________________________________ 9597 ... Mad24(91/96) _______ReneA (90/94) ___
...................................................................................................................... 93/96 . Mad23®9/94)
_______________________________ 780 WP 2503551821 . ___Actinomaduramadurae 949 _______ . Mad22(90/93) ___________________.._.
W 328063.1 ____________Actinomaduramadurae 95097 . Mad21 (90/94) .
............................................................................................... 9798 .. Mad20095/9) ____________ ...
_____________________________________________________________________________________________________________________________________________ 9797, o Madlo@8/9n .
94/97 Mad18 (93/97)

Mad17 (95/98)

61 fructose-1-phosphate kinase 939 SFO45542.1 Actinomadura madurae 98/98 Mad16 (98/97)
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Figure S19. Comparison of the NRPS genes from mad, rene, and mds clusters. The predicted amino acids
incorporated by each NRPS module are indicated.

The mechanism of 4-imidazolidinone formation in madurastatins is similar to that occurring when
the N-terminal amine group of peptides reacts with formaldehyde to form a hydroxymethyl
intermediate. This hydroxymethyl derivative undergoes dehydration to give an imine (Schiff-base),
which is also the key intermediate for the demethylation reaction, and the production of the 4-
imidazolidinone moiety (Figure S6).

N2 N HH N H0 H HN™\
R1)ﬁ( \RZ — > R1 R2 —_— R1)\H/ \RZ  a R1/Ker\R2
o) 0 o o)

imine intermediate side product

Figure S20. Scheme of side reaction involved in dimethyl-labeling of peptides with formaldehyde.
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Figure S21. Scheme of the formation reaction to produce madurastatins H2 (2) and D2 (5).
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Figure S22. Scheme of the formation reaction to produce 33-epimadurastatin D1 (3) and madurastatin
D1 (4).
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Figure 523. 'TH-NMR (500 MHz, dimethyl sulfoxide-ds) spectrum of madurastatin H2 (2).
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Figure 524. 3C-NMR (125 MHz, dimethyl sulfoxide-ds) spectrum of madurastatin H2 (2).
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Figure 525. HSQC (dimethyl sulfoxide-ds) spectrum of madurastatin H2 (2).
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Figure 526. HMBC (dimethyl sulfoxide-ds) spectrum of madurastatin H2 (2).
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Figure S27. COSY (dimethyl sulfoxide-ds) spectrum of madurastatin H2 (2).
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Figure S28. TOCSY (dimethyl sulfoxide-ds) spectrum of madurastatin H2 (2).
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Figure 529. 'TH-NMR (500 MHz, dimethyl sulfoxide-ds) spectrum of 33-epi-madurastatin D1 (3).

24



S - 20
o @Q %
- o ° - 40 —
e E S
‘s = - Q
- 8
., - 60 &
@ C -
@&m ; (2
- 80 &
: =
e (O}
r e
-1009©
- L
B 120
- 140
\H‘\H\\HH‘HH\\H\‘\H\\HH‘HH\HH‘HH\HH‘HH\HH‘HH\HH‘HH\HH‘HH\HH‘HH\HH‘;
10 9 8 7 6 5 4 3 2 1 0

F2 Chemical Shift (ppm)

Figure S30. HSQC (dimethyl sulfoxide-ds) spectrum of 33-epi-madurastatin D1 (3).

25



10°S
10'S
€0'S
$6'9
002 £6°9
10—
€9/ _ GV
y9 Mo SV Z
927 [ 16
G9'/
67'8—

L96—

VoL L—

10

11

Chemical Shift (ppm)

Figure S31. 'TH-NMR (500 MHz, dimethyl sulfoxide-ds) spectrum of madurastatin D1 (4).
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Figure S32. HSQC (dimethyl sulfoxide-ds) spectrum of madurastatin D1 (4).
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Figure S33. HRMS spectrum of madurastatin H2 (2).
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Figure S34. HRMS spectrum of 33-epi-madurastatin D1 (3).
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