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Figure S1. Conserved sequence regions from alignment comparisons of P450s implicated in the
p-hydroxylation of PCP-bound amino acid residues. Numbering is indicated for OhmL. Identity
residues are shown as bold and blue. Similar residues and exceptions are shown in normal and
italics, respectively.
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Figure S2A. Structures of marine-derived cyclic peptides containing 5-hydroxy-L-Trp moiety.
Hydroxy groups at position 5 on the indole are marked in blue.
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Figure S3. Schematic representations of mutant strain construction by in-frame deletion.

Construction of modification gene deletion mutant strains AohmL(i), AohmK (iii), and Aohm] (v),
respectively, and verification of each mutant strain by PCR analysis (ii), (iv), and (vi).

0 (i)

Wild type
dell_LF —} 46kb

<>

J« dellL_RR

<+ 4.6 kb
<+ 3.4kb

AohmL ‘ Double crossover
Lane 1. DNA Ladder
—ay ok S - — W
i Lane 3. AohmL
1 |
delL_LF = 3.4 kb = delL_RR
(iii) (iv)

wild type

delK_LF —} 4.1kb l« delK_RR

T =< catm
«3.0kb
pDel-OhmK
AohmK ‘ Double crossover
Lane 1. WT
—— - e et
(] Lane 3. AohmK
1 ]
delk_LF T 3 0 kb = delK_RR
(v)

wild type

delJ_LF -} 43Kkb }« delJ RR

7/ -y -y wily G — Gy /-
> >

<+ 4.3 kb
<4+ 3.3 kb
pDel-OhmJ
AohmJ ‘ Double crossover
Lane 1. DNA Ladder
/ i / Lane 2. WT
LF Lane 3. AohmJ
1 |
dely_LF T 33 kb = delJ_RR

S5



Figure S4A. Structural assignment of OMS A (1) and OMS B (2) produced from SNJ042 wild
type.

(i) MS/MS fragmentation pattern and MS/MS spectra of OMS A (1) from wild type strain.
(if) MS/MS fragmentation pattern and MS/MS spectra of OMS B (2) from wild type strain.
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Figure S4B. Structural assignment of dehydroxylated OMS derivatives 4 and 5 produced from
ohmL deletion mutant strain.

(i) MS/MS fragmentation pattern and MS/MS spectra of dehydroxy-OMS A (4) from AohmL
strain.

(ii) MS/MS fragmentation pattern and MS/MS spectra of dehydroxy-OMS B (5) from AohmL
strain.
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Figure S4C. Structural assignment of demethoxylated OMS derivatives 6 and 7 produced from
ohmK deletion mutant strain.

(i) MS/MS fragmentation pattern and MS/MS spectra of demethoxy-OMS A (6) from AohmK
strain.

(ii) MS/MS fragmentation pattern and MS/MS spectra of demethoxy-OMS B (7) from AohmK
strain.
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Figure S4D. Structural assignment of demethoxylated OMS derivatives 6 and 7 produced from
ohm] deletion mutant strain.

(i) MS/MS fragmentation pattern and MS/MS spectra of demethoxy-OMS A (6) from Aohm]

strain.

(ii) MS/MS fragmentation pattern and MS/MS spectra of demethoxy-OMS B (7) from Aohm]

strain.

0

o] OHO o]
H H H
,...N\:)LNENW NKTN\__)LN
A "o Lo AL

demethoxy-OMS A (6)
< <
a b
d a-H-0
1 3932483
200.1718
Eaan.zsaa b
D458 c
-' 411.2589 843 5829
N+H-H- +
A0321 . 580.3103 718495 755 4qat 505840 [M H HéO]
42 2380 643261 8101 7 sana 14108856
1 l ]491.2490 6904937 51.5917 1072803 1228 5532
JRTRT'Y R Y O D O ST EiAToc i AT - PRI WL L M S o , .
T T LARRAN | T T T LR} T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T mz
300 350 400 450 500 550 600 650 T00 750 800 850 200 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
(i)
(o]
N
demethoxy-OMS B (7) g
A
< <
a b
d a-H-0
100 200.1882 2072847
3402588 b
52738 83,5981
C
= 3093158 +
P sa031®2 S 54 5355 [M+H-H;0]
42 2380 - 7azaam.
5622933  FA13102 st LesEns P 1424 8923
L 1 l [ \l ros o 36054 S8E.5705 Maa7a7at 19T RS TEN a0y gyg, l,uza.aaaa
2 i ] ] 1 al [N Y PPN AN T1 T TN S e e [y A s " e
B A e e g i g o g e e LA g e g e g A g A e A L L R AN N s AL A L LA B et R e M A AR
300 350 400 450 500 550 600 650 T00 750 800 850 200 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1480 1500

S9



Figure S5. HR-FAB-MS data of 4.
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Figure S6. 'H NMR spectrum data of 4 at 800 MHz in pyridine-ds.
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Figure S7. 3C NMR spectrum data of 4 at 200 MHz in pyridine-ds.
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Figure S8. COSY NMR spectrum data of 4 at 800 MHz in pyridine-ds.
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Figure 5$10. HSQC NMR spectrum data of 4 at 800 MHz in pyridine-ds.
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Figure S12. ROESY NMR spectrum data of 4 at 800 MHz in pyridine-ds.
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Figure S13. Comparing CD spectra data of 1, 4, and 6.
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Figure S14. Phylogenetic relationships of known TDOs from secondary metabolite
biosynthesis, including OhmK.
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Figure S15. HR-FAB-MS data of 6.
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Figure S16. 'H NMR spectrum data of 6 at 850 MHz in pyridine-ds.
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Figure 517. 3C NMR spectrum data of 6 at 212.5 MHz in pyridine-ds.
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Figure 518. COSY NMR spectrum data of 6 at 850 MHz in pyridine-ds.
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Figure S19. TOCSY NMR spectrum data of 6 at 850 MHz in pyridine-ds.
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Figure 520. HSQC NMR spectrum data of 6 at 850 MHz in pyridine-ds.
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Figure S21. HMBC NMR spectrum data of 6 at 850 MHz in pyridine-ds.
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Figure 522. ROESY NMR spectrum data of 6 at 850 MHz in pyridine-ds.
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Table S1. Deduced function of ORFs in the ohmyungsamycin biosynthetic gene cluster.

Homologue in Nonomuraea sp.

Size ) MJM5123
ORF Proposed function - -
(aa) Protein / GenBank Identity/
(residues) Similarity

Orf(-2) 200 Hypothetical protein - -

Orf(-1) 291 Transposase - -

OhmA 13825 Nonribosomal peptide synthetase =~ Ecull / AIW58892.1 (15259) 64/74
OhmB 73 MbtH-like protein Ecul0/ AIW58893.1 (72) 76/87
OhmC 78 Hypothetical protein Ecu9 / AIW58894.1 (78) 77/84
OhmD 362 Putative ATPase AAA Ecu8 / AIW58895.1 (362) 78/86
OhmE 436 Hypothetical protein Ecu7 / AIW58902.1 (431) 78/86
OhmF 276 Hypothetical protein Ecu6 / AIW58901.1 (233) 60/75

OhmG 400 Transposase - -
ABC transporter ATP-binding

OhmH 320 . Ecu5 / AIW58900.1 (291) 72/84
protein

OhmlI 277 ABC-2 type transporter Ecu4 / AIW58899.1 (276) 75/85

Ohm] 333 O-Methyltransferase Ecu3 / AIW58898.1 (333) 61/73

OhmK 359  |utativetryptophan2, 3- Ecu2 / ATW58897.1 (368) 52/62
dioxygenase

OhmL 398 Cytochrome P450 monooxygenase  Ecul / AIW58896.1 (447) 71/81

Orf(+1) 476 Hypothetical protein - -

Orf(+2) 327 Acetyl xylan esterase - -
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Table S2. Substrate specificity sequences for adenylation (A) domains from ohmyungsamycin

NRPS.

A domain Substrate specific sequence {:iil;taij I:::;:::::j
Al DAYWWGGT Val L-Val
A2 DAYWGGAT Val L-Val/L-Ile
A3 DFWNVGMV Thr L-Thr
A4 DFWNIGMV Thr L-Thr
A5 DAYWWGGT Val L-Val
A6 DALLIGAI Phe/Trp L-Leu
A7 DAYWWGGT Val L-Val
A8 DAYWWGGT Val L-Val
A9 DVALVGAV Trp 4-MeO-L-Trp
A10 DAYWWGGT Val L-Val
All DAWTVAAV Phe p-OH-L-Phe
Al12 DAYWWGGT Val L-Val
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Table S3. Bacterial strains and plasmids used in this study.

Strain and plasmid Description Reference
Strain
_ . New England
E. coli DH5« Host for general cloning Biolabs

Methylation-deficient donor strain for conjugal transfer

E. coli ET12567/pUZ8002
coli 567/pUZ800 between E. coli and Streptomyces

[1]

Streptomyces sp. SNJ042 ~ Wild type ohmyungsamycin-producing strain [2]
AohmL The ohmL gene deleted mutant of SNJ042 This study
AohmK The ohmK gene deleted mutant of SNJ042 This study
Aohm] The ohm] gene deleted mutant of SNJ042 This study
AohmK/ohmK The ohmK gene complement mutant of AohmK This study
Aohm]/ohm] The ohm] gene complement mutant of Aohm] This study
Aohm]/ohmK The ohmK gene complement mutant of Aohm] This study
Plasmid
T -sensitive E. coli- huttl
pKC1139 f empera;c;lre se1T151t.1ve' coli Streftomyces shuttle vector 3]
or gene disruption; oriT and Apr

SET152 Integrative E. coli-Streptomyces shuttle vector containing 3]
p PermE* for gene expression; oriT, attP, ®C31 int, and Apr®
pDel-OhmL pKC1139 derivative for in-frame deletion of ohmL gene This study
pDel-OhmK pKC1139 derivative for in-frame deletion of ohmK gene This study
pDel-Ohm] pKC1139 derivative for in-frame deletion of ohm] gene This study
pOhmK pSET152 derivative for expression of ohmK gene This study
pOhm] pSET152 derivative for expression of ohm] gene This study
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Table S4. Primers used in this study.

Gene

Primer

Sequences (5'-3")

Restriction
site

In-frame deletion

delL LF  AAAGAATTCGCGATGTGGCAGCTCAGTTT EcoRI
ohmL delL LR  AATCTAGATGAGCGGGCGGAACGGCGCG Xbal
(P450) dell_RF AAATCTAGAGACCACGTGATCGCTCCCCT Xbal
delL RR  TTAAGCTTGATCTATCTGCTCGCCTTCC HindIII
delK LF  AATTGAATTCATGGTGAACTCGCTCCTCGA EcoRI
ohmK delK LR  AATCTAGACACATTCCCCCTGGAACGTG Xbal
(TDO) delK_ RF  TTAATCTAGAGTGCACTTCGCCTACCGCTG Xbal
delK RR  TTAAGCTTGCTGAGCGGGAGATTCCTCC HindIIl
del] LF AATCAATTGAGTGCAGAACCTCCAGATGT Mfel
ohm] dell LR  AAATCTAGACATTCTCCACCCCCAGTGAA Xbal
(O-MT) del] RF AATCTAGATGACACGTTCCAGGGGGAAT Xbal
del] RR  TTAAGCTTACGAGGAGATCTTCCTCAAC HindIIl
Complementation
ohmK ohmK_F  AATTAGATCTTGACACGTTCCAGGGGGAAT BglIl
(TDO) ohmK_ R  AATCTAGAGCCTCAGCGGTAGGCGAAGT Xbal
ohm] ohm]_F AATTAGATCTTCGCTCGGGTAGTGTCACCT BglTI
(O-MT) ohm] R AATCTAGAGTGTCAGGGCTTGTGGGCCA Xbal
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Table S5. 'H NMR data for minor conformer of 4 in pyridine-ds.

position type OH position type OH
Val-1 1 C Val-6 38 C
2 CH 4.69 39 CH 5.13
2-NH 9.05 39-NH 891
3 CH 2.15 40 CH 2.59
4 CHs 1.06 41 CHs 1.16
5 CHs 0.95 42 CHs 1.08
Phe-2 6 C N-Me- 43 C
7 CH 5.73 Leu-7 44 CH 5.62
7-NH 9.87 45a CH2 2.02
8a CHz 3.68 45b 1.54
8b 3.20 46 CH 1.56
9 C 47 CHs 0.77
10 CH 7.30 48 CHs 0.64
11 CH 7.37 49 CHs 3.64
12 CH 721 Val-8 50 C
13 CH 7.37 51 CH 5.22
14 CH 7.30 51-NH 8.13
Val-3 15 C 52 CH 2.62
16 CH 5.02 53 CHs 1.25
16-NH 8.41 54 CHs 1.14
17 CH 2.44 N-Me- 55 C
18 CHs 1.10 Thr-9 56 CH 5.52
19 CHs 0.96 57 CH 5.00
N-Me-4- 20 C 58 CHs 1.30
methoxy- 21 CH 5.77 59 CHs 3.70
Trp-4 22a CH2 4.30 Thr-10 60 C
22b 3.51 61 CH 5.93
23 C 61-NH 10.30
24 CH 7.31 62 CH 6.11
24-NH 11.97 63 CHs 1.55
25 C Val-11 64 C
26 CH 7.36 65 CH 5.28
27 CH 7.20 65-NH 9.93
28 CH 6.64 66 CH 227
29 C 67 CHs 0.94
29-OMe CHs 3.87 68 CHs 0.93
30 C N-Me- 69 C
31 CHs 3.13 Val-12 70 CH 4.33
N-Me- 32 C 71 CH 2.64
Val-5 33 CH 4.04 72 CHs 1.24
34 CH 2.11 73 CHs 1.18
35 CHs 0.83 74 CHs 2.98
36 CHs 0.61
37 CHs 3.17

TH NMR data were measured at 800 MHz.
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Figure 523. Key ROESY correlations of (A) major and (B) minor conformers of dehydroxy-OMS
A (4).
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Table S6. 'H NMR data for minor conformer of 6 in pyridine-ds.

position type OH position type OH
Val-1 1 C Val-6 38 C
2 CH 4.62 39 CH 5.05
2-NH 9.08 39-NH 8.81
3 CH 2.17 40 CH 2.59
4 CHs 0.99 41 CHs 1.14
5 CHs 1.05 42 CHs 1.04
-OH- 6 C N-Me- 43 C
Phe-2 7 CH 5.71 Leu-7 44 CH 5.36
7-NH 9.16 45a CH2 2.07
8 CH 5.88 45b 1.39
9 C 46 CH 1.60
10 CH 7.59 47 CHs 0.83
11 CH 7.37 48 CHs 0.50
12 CH 7.25 49 CHs 3.61
13 CH 7.37 Val-8 50 C
14 CH 7.59 51 CH 5.22
Val-3 15 C 51-NH 8.39
16 CH 5.23 52 CH 2.50
16-NH 8.16 53 CHs 1.20
17 CH 223 54 CHs 0.99
18 CHs 0.93 N-Me- 55 C
19 CHs 0.93 Thr-9 56 CH 5.56
N-Me- 20 C 57 CH 4.95
Trp-4 21 CH 5.52 58 CHs 1.25
22a CH: 411 59 CHs 3.69
22b 3.23 Thr-10 60 C
23 C 61 CH 5.94
24 CH 7.45 61-NH 10.30
24-NH 12.07 62 CH 6.09
25 C 63 CHs 1.56
26 CH 7.59 Val-11 64 C
27 CH 7.37 65 CH 5.24
28 CH 7.29 65-NH 9.98
29 CH 791 66 CH 2.24
30 C 67 CHs 0.92
31 CHs 3.14 68 CHs 0.92
N-Me- 32 C N-Me- 69 C
Val-5 33 CH 3.76 Val-12 70 CH 4.37
34 CH 2.10 71 CH 2.65
35 CHs 0.98 72 CHs 1.25
36 CHs 071 73 CHs 1.20
37 CHs 3.01 74 CHs 3.00

TH NMR data were measured at 850 MHz.
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Figure 524. Key ROESY correlations of (A) major and (B) minor conformers of demethoxy-OMS

A (6).
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