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Supplementary methods

Materials and reagents. Bacterial strains, plasmids and primers are listed in Tables
S2 and S3. Chemicals and reagents for biochemical and molecular biology are

purchased from standard commercial sources.

Promoter engineering. The 300 bp ermE*p promoter from pPWW50" and 1.4 kb
aadA marker gene (for positive selection against spectinomycin) from plJ778 were
respectively PCR amplified and were linked by the “bridge PCR” strategy. The
resulting 1.7 kb fragment was inserted in front of ptmA in pCSG2404 by homologous
recombination via PCR targeting strategy to afford pCSG2802, which was
subsequently modified to be pCSG2804 by replacing the neo gene with a DNA
fragment containing oriT, aac(3)IV and Int $C31 from pSET152AB? to facilitate the
conjugation into Streptomyces lividans TK64 (Fig. S1). Similarly, the cosmids
pCSG2803 and pCSG2805 were constructed to insert the ermE promoter and aadA
marker in front of ptmD (Fig. S2). In situ activation of PTM gene cluster was carried
out by inserting the ermE*p promoter in front of pfmA of S. pactum SCSIO 2999XM47i
(Table S2) by using pCSG2802 (Fig. S2) via homologous recombination to afford
2999PTMp1 (Table S2).

In-frame deletion of the ptm genes. The cosmid pCSG2801 was constructed by
inserting a DNA fragment containing oriT, aac(3)IV and Int ¢C31 from pSET152AB
into the neo gene of pCSG2404.% Next, the ptmC gene in pCSG2801 was partially
replaced by aadA and oriT from plJ778 through PCR-targeting to afford pCSG2806
(Fig. S3). In-frame deletion of ptmC in pCSG2806 was performed by heating-induced
FLP-recombinase to remove the inserted aadA/oriT cassette, to yield pCSG2808.
Finally, the 1.7 kb ermE*p promoter and aadA marker gene were inserted in front of

ptmA in pCSG2808 via the above-mentioned promoter engineering strategy to afford
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pCSG2809 (Fig. S3). Similarly, the cosmids pCSG2811 (carrying the in-frame deleted
ptmB1 and the ermE*p promoter inserted in front of ptmA, Table S2, Fig. S4) and
pCSG2814 (carrying the in-frame deleted ptmB2 and the ermE*p promoter inserted in
front of ptmA, Table S2, Fig. S5) were constructed.

Cultivation, fermentation of Streptomyces pactum strains and isolation of
pactamides. Streptomyces pactum SCSIO 02999 was a marine actinobacteria
isolated from the marine sediment sample obtained from South China Sea
(E109°53.171', N16°3.576') at the depth of 880 m.* The strains SCSIO 02999,
2999XM47i, and 2999PTMp1 were cultivated on the medium 38# agar plate
supplemented with 3% sea salts. Three independent single colonies of each strain
were inoculated into 50 mL of the R5 media (sucrose 103 g/L, K;SO, 0.25 g/L,
MgCl,-6H,0 10.12 g/L, glucose 10 g/L, casamino acid 0.1 g/L, yeast extract 5.0 g/L,
KoHPO,4 0.5 g/L, trace elements 0.1 mL/L, pH 7.2-7.4) and incubated at 28 °C for 5-7
days. The production of PTM-like compounds was monitored via HPLC analysis on
Agilent. HPLC was carried out using a reversed phase column Luna C18, 5 ym, 150 x
4.6 mm (Phenomenex), with UV detection at 300 nm under the following program:
solvent system (solvent A, 10% acetonitrile in water supplementing with 0.1% formic
acid; solvent B, 90% acetonitrile in water); 5% B to 100% B (linear gradient, 0—18 min),
100% B (18-23 min), 100% B to 5% B (23-27 min), 5% B (27-32min); flow rate at 1
mL/min.

A fresh single colony of the strain 2999PTMp1 from the Medium 38# plate was
inoculated into 50 mL seed R5 medium with 3% sea salt in a 250 mL Erlenmeyer flask
and incubated at 28 °C on a rotary shaker (200 r.p.m.) for 5-7 days. Then 30 mL of
the seed culture were inoculated into to 200 mL of the production R5 medium with 3%
sea salt into a 1000 mL Erlenmeyer flask, and were cultured on a rotary shaker (200
r.p.m) at 28 °C for 7 days. The broths of a total of 20 L fermentation of 2999PTMp1
were extracted three times with 5 L Butanone, respectively, to afford the crude
extracts (7.0 g) after evaporation. The residue (7.0 g) was dissolved in a 1:1 mixture
of CHCI;-MeOH and mixed with an appropriate amount of silica gel for normal phase
silica gel column chromatography (Silica Flash Column 14.5 x 2.5 cm, 40 g), eluted
with a gradient elution of CHCIl3/MeOH mixture from 100/0, 95/5, 90/10, and 80/20 to
yield four fractions (Fr1-Fr4). Fr2 (500 mg) was purified by Sephadex LH-20 (120 x
3.5 cm i.d.), eluting with CHCI;/MeOH (5:5 v/v) to give Fr2B-Fr2D, Fr2B (100 mg) was
further purified by prepare HPLC with C-18 reverse phased column (250 x 10.0 mm
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i.d., 5um) to afford pactamide B (11, 26 mg) and pactamide E (15, 2.5 mg). Fr2C (200
mgq) was further purified by semi-preparative HPLC with C-18 reverse phased column
(250 x 10.0 mm i.d., 5uym) to afford pactamide A (12, 30 mg), pactamide D (14, 3.2
mg). Pactamide E (16, 4.7 mg) was obtained from Fr2D by semi-preparative HPLC.

Heterologous expression, fermentation, and PTM isolation in S. lividans TK64.
The cosmids pCSG2801, pCSG2804, pCSG2805, pCSG2809, pCSG2811 and
pCSG2814 (Table S2 and Fig. S1-S5), together with the vector control pSET152,
were introduced into the heterologous strain Streptomyces lividans TK64 by
conventional conjugation.® Three independent transconjugants for each cosmid were
inoculated into 50 mL R5 production medium and incubated at 28 °C for 5-7 days.
The production of PTM-like compounds was monitored by HPLC using the same
conditions as described for monitoring Streptomyces pactum strains. The crude
extracts (4.7 g) of butanone extraction from 10 L fermentation of S. lividans
TK64/pCSG2809 were subjected to column chromatography (CC) over a Silica Flash
Column (14.5 x 2.5 cm, 40 g), eluting with a gradient of CHCI3/MeOH (100:0 — 0:100)
to give four fractions (Fr.1-Fr.4). Fr 2 (165 mg) was further purified sequentially by
Sephadex LH-20 (120 x 3.5 cm i.d.) and C-18 reverse phase column (250 x 10.0 mm
ID, 5 um) to get compound 13 (25 mg).

Structure elucidation.

NOESY r™ ¥r 'y

pactamide A (11) 1 1

The molecular formula of pactamide A (11) was established as CyoH4oN,O,4 by
HRESIMS (m/z 481.3098 [M + HJ", calcd 481.3066). The NMR spectroscopic data of
11 (Tables S4-S5 and Fig. S7) were very similar to those of lysobacteramide B (4,
Scheme 1),° except that signals for the C-14 hydroxy group and the N-22 methyl
group in 4 were absent in 11. The relative configuration of 11 was deduced by proton
coupling constants (ZA%® J,3 11.5 Hz; EA'""® Ji745 15.0 Hz, Table S4) and NOESY
correlations (Fig. S7). The assignment of H-5/H-11/H-13 on the same side of the
5/5/6-tricyclic ring system in 11, while H-6/H-8/H-10/H-12/H-16/H3-31 on another side,
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was supported by the observed NOESY correlations (Fig. S7). On the basis of the
biosynthetic origin of L-orinithine of PTMs,® ’ the S-configuration was assignable to
C-23. Although the relative configuration of C-10 in 11 and 4 appeared to be opposite,
both 11 and 4 exhibited almost identical ECD spectra (Fig. S8).° Thus, the absolute
configuration of 11 was deduced as 5R, 6S, 8S, 10S, 11R, 12R, 13S, 16R and 23S.

NOESY r ¥r 'y

pactamide B (12) 12 12

Pactamide B (12) was isolated as a white powder. Its molecular formula was
established as Cy9H3sN2O5 by HRESIMS (m/z 493.2707 [M - HJ, calcd 493.2708).
Comparison of highly similar NMR spectroscopic data of 11 and 12 (Tables S4-S5 and
Fig. S9) suggested the absence of the methyl at the C-31 position in 12, while two
mutually coupled methylene doublets appeared at 64 3.05, 4.05. Compound 12 had
two additional sp? quaternary carbons (dc: 136.6, and 137.4) compared with 11.
HMBC from H-30 to C-10 (0c: 136.6) indicated that C-C single bond in 11 was
transformed into C=C double bond in 12. HMBC correlations from H-31a/H31b (du
3.05, 4.05) to C-10/C-11/C-12 confirmed that a hydroxymethyl group was located at
C-11 in 12, different from the methyl group in 11. These assignments were further
supported by detailed 2D NMR analysis (Fig. S9), thus establishing the planar
structure of 12. The relative configuration of double bonds in 12 was established by
proton coupling constants (ZA?® J,5 11.5 Hz; EA'"® Ji745 15.5 Hz, Table S4). The
assignment of H-5/H-13 on the same side of the 5/5/6-tricyclic ring system in 12, while
H-6/H-8/H-12/H-16 on another side, was supported by the observed NOESY
correlations (Fig. S9). By comparing ECD spectra (Fig. S8) of 12 and lysobacteramide
B (4),6 the absolute configuration of 12 was deduced to be 5R, 6S, 8R, 12S, 13S, 16R
and 23S.

pactamide C (13)

The molecular formula of pactamide C (13) was determined as CogH3sN.O,4 by
HRESIMS (m/z 479.2901 [M + H]*, calcd 479.2904). Detailed analyses and
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comparison of NMR spectra of 13 and 11, confirmed that 13 differed from 11 by the
absence of the six-membered ring (Tables S4-S5 and Fig. S10). The relative
configuration of 13 was established by proton coupling constants (EA*® J,5 15.0 Hz;
EA*® Jy5 14.5 Hz; EA™" Ji546 14.5 Hz; EA'""® Ji7 15 15.0 Hz, Table S4) and NOESY
correlations (Fig. S10). The assignment of H-11/H-13 on the same side of the
5/5-bicyclic ring system in 13, while H-6/H-8/H-10/H-12/H3-31 on another side, was
supported by the observed NOESY correlations (Fig. S10). The absolute
configuration of 13 was tentatively assigned as 6S, 8S, 10S, 1R, 12R, 13S, and 23S

upon considering it as a biosynthetic precursor of 11.

NOESY *

pactamide D (14)

14

The molecular formula of pactamide D (14) was established as CogH3sN2O5 by
HRESIMS (m/z 517.2665 [M + Na]’, calcd 517.2678). The NMR spectroscopic data of
14 and 12 were very similar. The carbon C-11 in 12 was a sp? quaternary carbon,
however, the carbon C-11 in 14 was a sp3 methine (&4 2.72 br s, 6c 46.8, C-11) (Tables
S4-S7, Fig. S11). HMBC correlation from Hz-30 to a sp? quaternary carbon (C-10) in
14 suggested a A*'® double bond. This assignment was further supported by the
HMBC correlation from H-9 to C-10, the COSY correlation between H-8/H-9, and
NOSEY correlations of H-9/H-30, H-9/H-7 (Fig. S11). The relative configuration of
double bonds in 14 was established to be the same as that of 12, by proton coupling
constants (ZA?® J,3 11.0 Hz; EA"" J,716 14.5 Hz, Table S6). The assignment of
H-5/H-11/H-13 on the same side of the 5/5/6-tricyclic ring system in 14, while
H-6/H-8/H-12/H-16 on another side, was supported by the observed NOESY
correlations (Fig. S11). The absolute configuration of 14 was assigned as 5R, 6S, 88S,
118, 12R, 13S, 16R and 23S by comparing ECD spectra of 14 and 4 (Fig. S8).°

NOESY *

pactamide E (15) 15 15

Pactamide E (15) was isolated as a pale-yellow powder. Its molecular formula
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was determined as CygH3sN,O4 by HRESIMS (m/z 499.2581 [M + Na]’, calcd
499.2567). The NMR data (Table S6-S7, Fig. S12) of 15 were similar to those of
compound 13, the difference was that 15 had twelve olefins, which suggested that 15
had only one five-membered ring compared with 13. The structure 15 was further
supported by detailed 2D NMR analysis. The relative configuration of double bonds in
15 was established by proton coupling constants (EA%® J, 3 15.0 Hz; EA*® Js 5 14.5 Hz;
EA®" Jg7 15.0 Hz; EA™™ Ji314 15.5 Hz; EA™® Jis46 15.0 Hz; EA'""® Ji745 14.5 Hz,
Table S6). The assignment of H-8/H-10/H-12/H3-31 on the same side of the outer
5-membered ring system in 15, was supported by the observed NOESY correlations
(Fig. S12). The absolute configuration of 15 was tentatively assigned as 8S, 10S, 11R,

12S, upon considering it as a biosynthetic precursor of 13.

pactamide F (16)

The molecular formula of pactamide F (16) was established as C,gH39CIN,O5 by
HRESIMS (m/z 531.2606 [M + H]", calcd 531.2626), which exhibited a typical chlorine
isotope pattern (Fig. S13). The NMR spectroscopic data of 16 and 11 were very
similar (Tables S4-S7). The methyl doublets typical for H3-31 in 11 were absent in 16,
while signals for a methylene (H.-31) were found in 16 (Fig. S13), suggesting the
chlorine /or —OH substitution should be assigned at C-31. HMBC correlations from
OH-11 to C-10 and C-12 located the OH group at C-11. The planar structure of 16 was
further supported by detailed NMR analyses (Tables S6-S7 and Fig. S13). The
relative configuration of 16 was deduced by proton coupling constants (ZA%® J,5 10.5
Hz; EA"'® Ji71s 15.0 Hz, Table S6) and NOESY correlations (Fig. S13). The
assignment of H-5/H-13 on the same side of the 5/5/6-tricyclic ring system, while
H-6/H-8/H-10/H-12/H-16 on another side in 16, was supported by the observed
NOESY correlations (Fig. S13). The absolute configuration of 16 was assigned as 5R,
6S, 8R, 10S, 11§, 128, 13S, 16R, 23S, given almost identical ECD spectra of 16 and
4 (Fig. S8).°

Expression and purification of recombinant PtmC. The ptmC gene was

PCR-amplified from genomic DNA of S. pactum SCSIO 02999 using the primer pairs

EptmCF/EptmCR (Table S3) with high fidelity DNA polymerase FastPfu (TransGen
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Biotech). PCR products were digested with Ndel/BamHI and inserted into the vector
pET28a to give the expression plasmid pCSG3621 (Table S2) after sequence
confirmation. The expression and purification of N-(His)s-tagged PtmC was performed
from E. coli BL21(DE3) carrying pCSG3621 according to the same procedure as
described for 1kaC.® C-(His)s-tagged TaGDH and N-(His)s-tagged BmGDH proteins
were purified via Ni?*-NTA agarose (Invitrogen) from E. coli BL21(DE3)/pCSG3622
and E. coli BL21(DE3)/pRSF-BmGDH (Table S3) as previously described.®

PtmC enzyme assays. A standard PtmC assay contained 200 yM 13 (or 17), 2 mM
NADPH, and 10 ug of purified recombinant PtmC in 200 mM sodium phosphate buffer
(pH 8.0) in a total volume of 100 uL. The reaction was performed at 28 °C for 10 h.
The enzyme reactions were terminated by addition of equal volume of cold methanol.
After removal of the precipitated protein by centrifugation at 14,000 r.p.m. for 30 min,
the reaction mixtures were concentrated on a rotating vacuum evaporator at 30 °C to
a final volume of 100 pL before injection into HPLC. The PtmC/GDH coupling assays
were performed as previously reported.® The reaction was stopped by the addition of
200 uyL methanol. The enzyme assays were analyzed by HPLC on an Agilent series
1260 by using a using a reversed phase column Luna C18, 5 pm, 150 x 4.6 mm
(Phenomenex) with UV detection at 300 nm under the following program: solvent
system (solvent A, 10% acetonitrile in water supplementing with 0.1% formic acid;
solvent B, 90% acetonitrile in water); 5% B to 100% B (linear gradient, 0—-15 min), 100%
B (15-22min), 100% B to 5%B (22-24 min), 5% B (24-30 min); flow rate at 1 mL/min.

Enzymatic preparation and isolation of compound 18. The PtmC reaction was
carried out in a total volume of 100 mL containing 20 mg compound 18, 10 mg purified
recombinant PtmC, and 1 mM NADPH. The reaction was incubated at 28 °C for 12 h.
The reaction product was freeze-dried and dissolved in a 1:1 mixture of CHCI;-MeOH.
CHCI;-MeOH extract was evaporated to dryness. The residue (8 mg) were subjected
to semi-preparative HPLC with C-18 reverse phased column (250 x 10.0 mm i.d., 5

pum) to yield isoikarugamycin (18, 1.7 mg).

S. lividans-mediated biotransformation of compound 15. The biotransformation
of compound 15 was carried out with the strain S. lividans TK64 harboring pCSG2814.
The strain was inoculated into 30 mL of AM6 medium containing 50 pg/mL apramycin
and 50 pM compound 15, and was grown at 28 °C for 5 days. The products were

extracted by butanone and were analyzed by HPLC. HPLC analysis (Agilent system)
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was carried out using a reversed phase column Luna C18, 5 ym, 150 x 4.6 mm
(Phenomenex), with UV detection at 300 nm under the following program: solvent
system (solvent A, 10% acetonitrile in water supplementing with 0.1% formic acid;
solvent B, 90% acetonitrile in water); 5% B to 100% B (linear gradient, 0—-18 min), 100%
B (18-23 min), 100% B to 5% B (23-27 min), 5% B (27-32min); flow rate at 1 mL/min].
S. lividans TK64 harboring pCSG2814 without adding compound 15 was treated in

the same manner to serve as a negative control.

Cytotoxic activity assay. Pactamides A-F (11-16) were evaluated for their cytotoxic
activities against SF-268 (human glioma cell line), MCF-7 (human breast
adenocarcinoma cell line), NCI-H460 (human non-small cell lung cancer cell line), and
HepG2 (human liver hepatocellular cell line) with the SRB method.® Cells (180 L)
with a density of 3 x 10* cells/mL of media were seeded onto 96-well plates and
incubated for 24 h at 37 °C, 5% CO,. Then 20 yL of various concentrations of
compounds were added to plate wells. The plates were further incubated for 72 h.
After incubation, cell monolayers were fixed with 50% (wt/v) trichloroacetic acid (50 yL)
and stained for 30 min with 0.4% (wt/v) SRB dissolved in 1% acetic acid. Unbound
dye was removed by washing repeatedly with 1% acetic acid. The protein-bound dye
was dissolved in 10 mM Tris base solution (200 pL) for OD determination at 570 nm
using a microplate reader. Cisplatin was used as a positive control possessing potent
cytotoxic activity. All data were obtained in triplicate and are presented as means
1+S.D. IC5q values were calculated with the SigmaPlot 10.0 software using a non-linear

curve-fitting method.
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Table S1. The genetic organization of ptm- and xia-gene cluster in pCSG2404 and
the predicted functions of individual Orfs.

0
L

20 30

40kb

-10)

S D O O »

(-8) (-8}(-7)

(-6} -8 (-4(-3} 2} (-1} ptmD

ptmA ptmB1 pimB2 ptmC xigA 8 C D E F

SaDEE) DaEK=h

Name AA Proposed function Closest homologue, Acc. No., Source 1/1S%
SMCF_5217, EHN75294, Streptomyces
orf(-10) | 722 alpha-mannosidase e ’ ptomy 91/95
coelicoflavus ZG0656
SCO06003, NP_630118, Streptomyces coelicolor
orf(-9) | 286 | transcriptional regulator - ptomy! ! 84/90
A3(2)
NP_630117, NP_630115, Strept
orf(-8) | 143 | hypothetical protein » - feplomyces 57/71
coelicolor A3(2)
orf(-7) | 65 hypothetical protein SCO06000, Streptomyces coelicolor A3(2), 67/73
SMCF_5190, EHN75342, Streptomyces
orf(-6) | 913 | aconitate hydratase = promy 97/98
coelicoflavus ZG0656
UDP-N-acetylglucosamine
orf(-5) | 509 Y gl ' WP_031042816, Streptomyces 100/100
1-carboxyvinyltransferase
orf(-4) 130 | hypothetical protein WP_030580287, Streptomyces sclerotialus 92/96
hypothetical protein .
orf(-3) | 225 EKX63740, Streptomyces ipomoeae 91-03 95/97
STRIP9103_07747
orf(-2) 172 | hypothetical protein WP_037762956, Streptomyces sp. FXJ7.023 98/98
orf(-1) | 396 | hypothetical protein WP_031042807, Streptomyces olivaceus 97/98
ptmD 301 hydroxylase WP_037762956, Streptomyces sp. FXJ7.023 98/98
ptmA 3114 | PKS/NRPS WP_031042761, Streptomyces olivaceus 98/98
ptmB1 | 561 FAD-dependent oxidoreductase | WP_031042758, Streptomyces olivaceus 99/99
ptmB2 | 852 | phytoene dehydrogenase WP_033302652, Streptomyces atroolivaceus 99/99
ptmC 351 alcohol dehydrogenase WP_043224439, Streptomyces sp. NRRL F-5193 98/98
Rieske 2Fe-2S Strvi_4991, AEM84537, Streptomyces
xiaA 363 | domain-containing aromatic - ’ ’ promy 42/56
) ) ) violaceusniger Tu 4113
ring-hydroxylating dioxygenases
xiaB 164 flavin rgdu.ctase domain protein S.trV|_6224,. AEM85702, Streptomyces 76/84
FMN-binding violaceusniger Tu 4113
. IcIR family transcriptional
xaC | 258 | Iato:'y Pt IcIR, WP_014985470, Nocardia brasiliensis, 33/51
u )
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Table S2. Strains and plasmids used and constructed in this study.

Strains/Plasmids Description Reference

E. coli

DH5a Host strain for cloning Invitrogen

BW25113/plJ790 Host strain for PCR targeting 10

ET12567/pUZ8002 Donor strain for conjugation m

BL21(DE3) Host strain for protein expression Transgen

Streptomyces

Streptomyces pactum SCSIO 02999 Wild-type strain 4

Streptomyces lividans TK64 Host strain for heterologous expression °

2099XM47i Streptomyces pactum SCSIO 02999 derivative where | This study
xiaP gene was in-frame deleted

2999PTMp1 Streptomyces pactum SCSIO 02999XM47i derived | This study
where ermE*p promoter was inserted in front of ptmA

Plasmids

BT340 Cm', express FLP-recombinase to form in-frame | 10
deletion genes

pET28a expression vector, Km' Novagen

pPWW50A Ap', vector for Streptoymes heterologous expression 12

plJ778 the template for amplifying the aadA cassette K

pSET152 Streptomyces integrative vector; Ap"

pCSG2404 genomic library cosmid of S. pactum SCSIO 02999 s

pCSG2801 pCSG2404 derivative where the neo gene was replaced | This  study
with aac(3)IV-oriT-Int $C31 fragment (Fig. S3)

pCSG2802 pCSG2404 derivative with aadA and ermE*p promoter | This  study
inserted in front of ptmA (Fig. S1)

pCSG2803 pCSG2404 derivative with aadA and ermE*p promoter | This  study
inserted in front of ptmD (Fig. S2)

pCSG2804 pCSG2802 derivative where the neo gene was replaced | This  study
with aac(3)IV-oriT-Int $C31 fragment (Fig. S1)

pCSG2805 pCSG2803 derivative where the neo gene was replaced | This  study
with aac(3)IV-oriT-Int §C31 (Fig. S2)

pCSG2806 pCSG2801 derivative where the ptmC gene was | This  study
disrupted by insertional mutation with aadA (Fig. S3)

pCSG2807 pCSG2801 derivative where the ptmB71 gene was | This  study
disrupted by insertional mutation with aadA (Fig. S4)

pCSG2808 pCSG2806 derivative where ptmC gene was in-frame | This  study
deleted (Fig. S3)

pCSG2809 pCSG2808 derivative where aadA and ermE*p | This  study
promoter inserted in front of ptmA (Fig. S3)

pCSG2810 pCSG2807 derivative where ptmB1 gene was in-frame | This  study
deleted (Fig. S4)

pCSG2811 pCSG2810 derivative where aadA and ermE*p | This  study
promoter inserted in front of ptmA (Fig. S4)

pCSG2812 pCSG2801 derivative where the ptmB2 gene was | This  study
disrupted by insertional mutation with aadA (Fig. S5)

pCSG2813 pCSG2812 derivative where ptmB2 gene was in-frame | This  study
deleted (Fig. S5)

pCSG2814 pCSG2813 derivative where aadA and ermE*p | This  study
promoter inserted in front of ptmA (Fig. S5)

ET-28a derivati taini 1.1 kb Ndel/BamHI
pCSG3641 p a derivative containing a el/Bam This study

ptmC PCR fragment from genomic DNA of S. pactum
SCSIO 02999
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Table S3. Primers used in this study.

Primers Gene | sequence
Target

For insertion of the ermE*p promoter

ermEp-F GAAGCAGCTCCAGCCTACACAGGCGGTACCAGCCCGACC

ermE-p1-R GACCTTGTCGCGGTGGGCGGCGCTGGGTGAGTCCGTCATGGTTCGCCCGCTCTCCTCT
p1-aadA-F CTGCTCCACCCCGTGCGCCGCCCGACCCACACCGCGTAGattccggggatccgtcgacc
p-aadA-R GGTCGGGCTGGTACCGCCTGtgtaggctggagcetgcttc

ermE-p2-R ATTCGCCGGCAGCGACCCCGTATCGGGTCGATCTTCCATGGTTCGCCCGCTCTCCTCT
p2-aadA-F TGGCTCACGCCCCGACTCTAAGAGCTGGAGATCAAGTAAattccggggatccgtcgace

For detection of promoter insertion

ermE-P1-det CAGCGTCTCGAAGCCGAGGT
ermE-P1-det CGGATTCTCCGCCGACTGC
ermE-P2-det CCGCTCCAGCGCCGCGAGAT
ermE-P2-det GTCGCCGTCCGTCGTCCGT

For construction of gene disruption mutant

ptmC-dis-F CTCCACGGGATCGCCCTGGACACCCCGGCGGGCGACCACattccggggateegtcgace

ptmC

ptmC-dis-R GAGCATCGTGAAGACGGTGTCGGTCATGACCCCGCCGAGtgtaggctggagcetgcttc

ptmB1-dis-F ptmB2 CGAACGCTGCTCGCGATCCTGCCGGCGTTCCGGCTGTACattccggggatccgtcgace

ptmB1-dis-R CATCCCGGTCCACTGCCCGGCCATCGAGAAGCCGCTCAGtgtaggctggagctgcttc
ptmB2-dis-F ptmB2 ACGGTGCGCGGCCGGGACGGGCGGGCGGTCCACTTCTACattccggggatecgtcgace
ptmB2-dis-R GCGGCGGATCCGGGTGAACTGCTCGGGACCGGTGCTCAGtgtaggctggagcetgcttc

For detection of gene disruption mutant/in-frame deletion mutant

ptmC-det F ptmC CCCAGTTGTCCTCGGTGAAC
ptmC-det R AGAAGTGGATCGTCAGCGA
ptmB1-det F ptmB1 GGCCACCGCCGCCTTCCCGG
ptmB1-det R CCCGGACCGGCTCCAGAAC
ptmB2-det F ptmB2 CTCGCCGCTGTCCACGAACG
ptmB2-det R AGATCCCGGGCGGCTCCTG

For ptmC protein expression

EptmCF ptmC GCGCATATGAAGACCGAGAAGTGGATCGT

EptmCR GCGGGATCCTCACAGCTCGACCAGCACCTTG
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Table S4. 'H (500 MHz) NMR Data for pactamides A-C (11-13).

No. 11° 12° 13°
&4, mult. (Jin Hz) &4, mult. (Jin Hz) &4, mult. (Jin Hz)
2 5.73,d (11.5) 5.75,d (11.5) 5.81,d (15.0)
3 5.97,dd (11.5, 10.5) 5.99, dd (11.5, 10.6) 6.73, dd (15.0, 11.0)
4 2.01, m 1.99, m 6.16, dd (14.5, 11.0)
3.37, m 3.54,1(13.1)
5 1.24, m 1.29, m 5.65, dd (14.5, 10.0)
6 143, m 1.43, m 244, m
7 0.77, m 0.80, m 1.13, m
1.97, m 210, m 1.88, m
8 2.29, m 252, m 2.36, m
9 0.72, m 2.00, m 0.86, m
1.98, m 2.52 1.97, m
10 1.27,m 1.33, m
11 113, m 1.27, m
12 154, m 2.83,1(7.2) 1.63, m
13 1.01,m 1.02, m 1.41, m
14 1.01, m 1.20, m 2.10, m
1.87, m 2.13, m 247, m
15 1.20,m 1.31, m 5.80, overlapping pactamide B (12)
1.67, m 1.66, m
16 1.94, m 2.00, m 6.06, dd (14.5, 11.0)
17 6.52,dd (15.0, 9.0) 6.60, dd (15.5, 10.8) 6.93, dd (15.0, 11.0)
18 7.38,d(15.0) 6.98, d (15.5) 7.40,d (15.0)
22 NH 8.66, br s
23 3.61,brs 3.81,brs 3.54,brs
25 1.77,m 1.75, m 1.76, m
1.86, m 1.86, m 1.85, m
26 1.30,m 1.16, m 0.87, m
1.44, m 1.32, m 1.31, m pactamide C (13)
27 257, m 2.42,t (11.7) 2.35, m
3.31, m 3.24,d (11.7) 3.54, m
28 NH 7.58
29 0.97,m, 2.03, m 1.07, m
1.49, m 1.54, m
30 0.81,t(7.0) 0.92,1(7.4) 0.86, 1t (7.0)
31 0.92,d(6.5) 3.90, d (11.5) 0.98, d (6.0)
4.05,d (11.5)

measured in 90% CDCls/methanol-dy; bmeasured in DMSO-ds.
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Table S5. *C (125 MHz) NMR Data for pactamides A-C (11-13).

11 12° 13
No.
dc, type dc, type dc, type

1 167.8, C 165.5, C 165.5, C
2 123.3,CH  124.2,CH  123.9,CH
3 141.7,CH  139.1,CH  139.1,CH
4 28.9, CH, 28.6, CH, 128.6, CH
5 446, CH 43.8, CH 145.4, CH
6 49.6, CH 46.7, CH 56.7, CH
7 37.4, CH, 38.7, CH, 42.2, CH,
8 41.5, CH 37.4,CH 41.0, CH

9 40.7,CH,  416,CH,  40.1, CH,
10 53.9, CH 136.6, C 53.6, CH
11 46.7, CH 137.4,C 46.9, CH
12 58.8, CH 57.6, CH 60.1, CH
13 53.4, CH 52.3, CH 51.1, CH
14 30.4,CH,  30.5,CH,  39.1,CH,
15 32.8,CH,  32.0,CH,  139.8, CH pactamide B (12)
16 45.7,CH 46.3, CH 133.7, CH

17 147.8,CH  150.7,CH  138.4, CH

18 1283,CH  1214,CH  129.2,CH ’
19 1837C 171.5,C  181.4,C
20 1015,C 100.6,C  102.4,C
21 1782,C 175.2,C  177.9,C
23 596,CH  610,CH  59.7,CH
24 196.8,C 1958,C  195.4,C
25  256,CH,  26.,CH,  27.4,CH, pactamide C (13)

26 20.8, CH; 20.4, CH, 221, CH,
27 38.4, CH, 38.0, CH, 38.4, CH,
29 26.1, CH, 20.9, CH, 26.2, CH,
30 12.6, CH3 13.0, CH; 12.9, CH;
31 19.2, CH3 55.9, CH, 19.4, CH;

@measured in 90% CDCly/methanol-ds; "measured in DMSO-db.
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Table S6. 'H NMR data for pactamides D-F (14-16).

147 15° 167
No. O, mult. (Jin Hz) O, mult. (Jin Hz) O, mult. (Jin Hz)

2 5.77,d (11.0) 5.92,d (15.0) 5.78,d (10.5)
3 5.92, dd (11.0, 10.0) 6.90, dd (15.0, 11.1,) 5.92,t(11.1, 10.5)
4 1.90, m 6.29, dd (14.5, 11.1) 1.92, m

3.39,m 3.34, m
5 1.16, m 6.38, dd (14.5, 10.5) 125, m
6 1.45, m 6.02, dd, (15.0, 10.5) 1.58, m
7 0.76, m 5.44, dd, (15.0, 8.9) 0.83, m

1.98, m 1.92, m
8 2.96, brs 293, m 225 m
9 5.24, brs 1.12, m, 1.05, m

2.07, m, 1.92, m

10 1.36, m 1.76, m
11 2.72,brs 1.39, m,
12 2.36, m 245 m 219, m
13 1.25, m 5.55, dd (15.5, 8.2) 1.59, m
14 1.74, m 5.98, dd, (15.5, 10.5) 1.04, m

215, m 1.99, m
15 1.21, m 6.46, dd, (15.0, 10.5) 1.21, m

1.60, m 1.61, m
16 1.88, m 6.21, dd, (15.0, 11.5) 1.92, m
17 6.22, dd (10.5, 14.5) 7.06, dd (14.5, 11.5) 6.25, dd (15.0, 10.0) N
18 7.42,d (14.5) 7.50, d (14.5) 7.41,d (15.0)
22 7.64,s
23 3.44, m 3.52, m 3.46, m
25 1.72, m 1.77, m, 1.74, m

1.70. m pactamide F (16)

26 1.19, m 0.95, m, 1.21, m

1.25, m 1.50, m 1.26, m
27 2.33, m 2.56, m 232, m

3.29, m 349, m 3.29, m
28 7.74,brs 7.74,brs 7.71,brs
29 1.89, m 114, m 1.22, m

222, m 1.61, m 1.40, m
30 0.97,t 0.92,t(7.4) 0.83,1t(7.0)
31 3.54, m 0.99,d (7.4) 3.51,s

3.63, m
10-OH 4.33,s
31-OH 4.49

measured at 500 MHz in DMSO-ds; bmeasured at 600 MHz in DMSO-ds
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Table S7. *C NMR data for pactamides D-F (14-16).

14° 15° 16°

No.
dc, type dc, type dc, type

1 165.5, C 165.6, C 165.4, C
2 124.5, CH 124.7, CH 124.5, CH
3 138.3, CH 139.0, CH 138.3, CH
4 28.6, CH, 128.6, CH 28.4, CH,
5 45.0, CH 138.7, CH 445, CH
6 46.5, CH 131.3, CH 48.7, CH
7 35.6, CH, 142.1, CH 36.7, CH,
8 50.6, CH 46.2, CH 40.4, CH
9 127.8, CH 38.4, CH, 36.4, CH,
10 144.0, C 49.3, CH 51.1, CH
11 46.8, CH 45.9, CH 79.4,C
12 50.3, CH 52.2, CH 56.1, CH
13 445, CH 139.1, CH 48.7, CH
14 30.8, CH, 134.8, CH 31.4, CH,
15 32.8, CH, 138.1, CH 32.9, CH,
16 44.7, CH 130.6, CH 444, CH
17 143.8, CH 138.6, CH 145.5, CH
18 129.1, CH 130.2, CH 128.7, CH
19 181.0, C 181.2,C 180.6, C
20 102.0, C 102.1,C 101.6, C
21 177.1,C 177.6,C 177.5,C
23 59.1, CH 59.7, CH 59.2, CH
24 195.4, C 195.9, C 195.1, C
25 26.5, CH, 28.2, CH, 26.5, CH,
26 20.9, CH, 23.4,CH, 20.9, CH,
27 37.8, CH, 38.3, CH, 37.7, CH,
29 22.2, CH, 26.6, CH, 20.3, CH,
30 12.3, CH; 12.9, CHs 12.9, CH;
31 59.4, CH, 18.5, CHs 49.8, CH,

“measured at 500 MHz in DMSO-dg; “measured at 600 MHz in DMSO-ds
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Table S8. 'H (500 MHz) and "*C (125 MHz) NMR data for 18."

18
Oy, mult. (Jin Hz) &, type
1 174.5,C
2 2.90, brd (12.0) 42.9, CH,
3.34, m?
3 5.41,dd (9.0, 14.5) 130.8, CH
4 5.29,dd (9.0, 14.5) 136.4, CH
5 1.81, m 53.0, CH
6 223, m 50.2, CH
7 5.50, d (10.0) 133.2, CH
8 5.82,d (10.0) 135.4, CH
9 1.53, m 49.2, CH
10 1.30,m 49.2,CH isoikarugamycin (18)
11 223, m 35.3, CH
12 0.69, m 40.7, CH,
2.06, m
13 1.09,m 51.0, CH
14  2.06, m 446, CH
15 1.37,m 39.4, CH,
2.23, m
16 246, m 51.7, CH
17 6.64,brs 157.7, CH
18 7.05,brs 129.4, CH
19 181.3,C
20 99.9,C
21 187.0, C
23 3.80,brs 58.3, CH
24 200.0,C
25 181, m 32.0, CH,
1.95, m
26  1.09,m 24.7, CH,
1.53, m
27 290, m 40.6, CH,
3.34, ovelapping
29 1.30,m 23.9, CH,
1.40, m
30 0.82,d(7.0) 15.5, CH;3

31 0.88,t(7.0,7.0) 20.0, CH3

@Overlapping; measured in 90% CDCls/methanol-ds; data were recorded on Bruker DRX-500 MHz.
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Fig. S1. Scheme for inserting ermE*p promoter in front of ptmA.

(A)

040 ¥ — > =B O

orf( 2) (-1) ptmD ptmA ptmB1 ptmB2 ptmC xiaA B C D XxiaE
ptmD

pl-aadA-F 4—

CTGCTCCACCCCGTGCGCCGCCCGACCCACACCGCGTAG:\TT( CGGGGATCCGTCGACC

. ..TCGATCGTCGCCAGCCTGCTCCACCCCGTGCGCCGCCCGACCCACACCGCGTAGCCCCCGTACCCCGCACACCCGCTCCGTACCGCGACCTCCCCGCCCCGTACCGCG

CAGTCCCGCCCCGTACCGGCGTCGTGCCCCCATACGTCCCCGCCCGGCCCGTACCGAGGCGTCGTCTCCAACGGATTGGACCA:\TGACGGACTCACCCAG CGCCGCCCACCG
CGACAAGGTCGCCATCATCGGCATCGGCTGCCG

ATGACGGACTCACCCAGCGCCGCCCACCG
CGACAAGGTC —
ermE-p1 R (reverse complement) ptmA
p-aadA-R  ermE-p1-R
(B) 10 ChaeET— © M1 2 3 4 5 6 (D)
' 5000
33%8 <— 2534 bp
—_— P <4—1725bp
pl-aadAF  SMEPIF 1000 <+—1425bp
) 75 1000 <4— 920 bp
Bridge PCR «—300bp 750
; ; 500
— vy —
39bp | {39bp
i 1725 bp k
#Q #Q
ermE-P1-det F 0&2‘\‘& 0&‘%\*&
—>
ermE P1-det F pCSG24O4 H neo (kan) replaced with —»
—> 920bp PCR targeting aac(3)IV +oriT +Int $C31 a’@
PEmEDh  — sty <
ermE-P1-det 2804
ermE-P1-det R Homologous pCSG2802 PCR targeting pCSG280

recombination

aac(3)IV Int ¢C31

(A) the insertion of the ermE*p promoter in front of ptmA and the design of primers used for the insertion. (B) a schematic depiction for constructing pCSG2804. (C) Gel electrophoresis of for Bridge
PCR. Lane M, DNA marker D2000 (GenStar); lanes 1-2, 300 bp ermE*p promoter from pPWWS50A; lanes 3-4, 1425 bp aadA from plJ773; lanes 5-6, 1725 bp fragment containg ermE*p and aadA by
bridge PCR. (D) Gel electrophoresis of PCR products for proofing of promoter insertion in front of pfmA using detection primers ermE-P1-det F and R. Lane M, DNA marker D2000; lane 1
pCSG2404 as a template; lanes 2-3, pCSG2802 as a template. The cosmid pCSG2804 was selected by the phenotype as Aer/NeoS.
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Fig. S2. Scheme for inserting ermE*p promoter in front of ptmD.

(A) fap 856 bp — place to insert ermE*P2
orf(-2) (-1) ptmD ptmA ptmB1 ptmB2 ptmC xiaA B C D xiaE
0r£ -1 p2-aadA-F ._|
TGGCTCACGCCCCGACTCTAAGAGCTGGAGATCAAGTAAATTCCGGGGATCCGTCGACC
...GCAGCCGGCTCACGAGGTCCACAGCGAA......(gap continue).......

/ CTCTTCGTTGTGGCTCACGCCCCGACTCTAAGAGCTGGAGATCAAGTAACTTTACTGAGGCGCTGCCCGGAGGCGTGGAAGTGTCGCAGGGCGTGA
AACCCGTGCTCTCCGGACGGTTCCCGGACGGGAGTCTCCGGCGGCCGGGGGCAGTCCCTTGTTCGGTCGCCTCAACGTTGACGGGCCGCCAGATGGGGTGGACCTGTATACCCGGGCAGTTCTCTCCTTGCGGGCTCCTGTGCG

GTCCGGCCGCCCGAGTTGTACGGCTCGTGTTCCGCCCATGGCCCCGCACGCGCTCCCACGGAGCGATGGTTTCGGGCATATCCGCCGGGCCCGGGACTCGGCGGTAACCGCTCTCTACGCGGGTGGCGACCGGCATGGCCGGC
GCCGCCCACGCGAGTGCGGAATCGTTACTTCCGGTCACCGGCACCCCGTGCCCTCCGCCCCGCCCCACGGGCACCGAACGTTTAAAAGAGTTTCTTCTTATTAATTACCCTCGCGCGCCTTATAATTCACCCTCGCACGCCCCCT
TACCGCGCTGACCAAAAAGCATCGTCCCCTCATTCACGGCCCCTCACTTCCGCTGCTACTCTGCGAACTCCCTATTCGGATGTGATGGAGATTCTCCG);ATGGAAGATCGACCCGATACGGGGTCGCTG CCGGCGAATGTGTG
GACCGCCGGC

ATGGAAGATCGACCCGATACGGGGTCGCTGCCGGCGAAT

—p ermE-p2 R
ptmD (reverse complement)
]
?' ¥’
®) ermE-P2-det F o o
p-aadA-R  ermE-p2-R —>
T CTEY ) n E— >
2151 bp «—
i - i E-P2-det R
p2-aadAF  CMEPF o ¢ pCSG2805
aac(3)IV  Int $C31
Bridge PCR i
©) M 1 2 3 4
p— . i 5000 b
oo ) s — PR argeting | neordlacedwin o 0r
i | aac oriT +In
1725 bp ermE-P2-det F 2000 bp - i
—>
ermE-P2-det F i o bp 279bP
557979 bp pCSG2404 PCR targeting 2151 bp <«— 750 bp
P2 500 bp
— ermE-P2-det R
<1 ) E— ) 5> pCSG2803 250 bp
Homologous 100 bp
ermE-P2-detR recombination

(A) the insertion of the ermE*p promoter in front of ptmD and the design of primers used for the insertion. (B) a schematic depiction for constructing pCSG2805. (D) Gel electrophoresis of PCR

products for proofing of promoter insertion in front of ptmD using detection primers ermE-P2-det F and R. Lane M, DNA marker D2000; lane 1, pCSG2404 as a template; lanes 2-3, pCSG2803 as a
template. The cosmid pCSG2805 was selected by the phenotype as Aer/NeoS.
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Fig. S3. In-frame deletion of ptmC with ermE*p promoter inserted in front of ptmA.

(A)
‘ (B)
pCSG2404
2000bp
emE-P1detF &@*’Q
— My 1000bp dadb
750bp - 891 bp
500bp 450 bp
PCR targeting | neo replaced with p 250bp
aac(3)IV + oriT + Int C31 ermE-P1-det R 100bp
pCSG2809
aac(3)lV  Int $C31
CSG2801
P (©)
aac(3)IlV  Int $C31
ptmC-det F PCR targeting Homologous
™ P ter inati
ptmC E ; WT romote recombination
gene disruption ptmC partially replaced "7 m """"""""" engineering igggsp
_— i with aadA + oriT { 891by P [—
X < pthEget F 2000bp §'5)34 —
ptmC-det R } 1500bp
il 1000bp P/
FRT FRT BT340 450111 Zé’gsp
pCSG2806 . — pCSG2808 pimC-det F zsobp
in-frame deletion p
aac(3)lV  Int $C31 aac(3)lV  Int $C31 100bp

(A) a schematic depiction for constructing pCSG2809 where ptmC was disrupted by in-frame deletion and the ermE*p promoter was inserted in front of ptmA.
(B) Gel electrophoresis of PCR products for proofing pCSG2808. Lane M, DNA marker D2000; lane 1, pCSG2404 as a template using primers ptmC-det F
and R; lanes 2-3, pCSG2808 as a template. (C) Gel electrophoresis of PCR products for proofing promoter insertion in pCSG2809. Lane M, DNA marker
D5000; lane 1, pCSG2404 as a template using primers ermE-P1-det F and R; lanes 2-3, pCSG2809 as a template. The cosmid pCSG2809 was selected by

the phenotype as Apr*/Neo®
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Fig. S4. In-frame deletion of ptmB1 with ermE*p promoter inserted in front of ptmA.
(A)

pCSG2404

5000bp
ermE-P1-det F 3000bp
— 2000bp

= S

P ermE-P1-det R

e 1321bp
1000bp

aac(3)IV +oriT +Int ¢C31

PCR targeting l neo replaced with

487 =

pCSG2811 bp

aac(3)lV  Int $C31

pCSG2801

aac(3)IV Int $C31

© M 1 2 3

PCR targeting

Homologous

ptmB1 ptmB1-det Ry, Promoter recombination
gene disruption ptmB1 partly replaced ] JWT engineering
with aad(A)+oriT 18310 3(())(())%?
P P
B1- R
o P ptm dei_t> 2000bp PL YR —

1500bp e

1000bp
750bp s 920bp

500bp

ptmB1-det F

BT340

in-frame deletion

:bp
pCSG2810 StmB1-det F

aac(3)IV

pCSG2807

aac(3)IV

250bp
100bp

Int $C31 Int $C31

(A) a schematic depiction for constructing pCSG2811where ptmB1 was disrupted by in-frame deletion and the ermE*p promoter was inserted in front of ptmA.
(B) Gel electrophoresis of PCR products for proofing pCSG2810. Lane M, DNA marker D2000 plus; lane 1, pCSG2404 as a template using primers ptmB1-det
F and R; lanes 2-3, pCSG2810 as a template. (C) Gel electrophoresis of PCR products for proofing promoter insertion in pCSG2811. Lane M, DNA marker
D5000; lane 1, pCSG2404 as a template using primers ermE-P1-det F and R; lanes 2-3, pCSG2811 as a template. The cosmid pCSG2811 was selected by
the phenotype as Apr*/Neo®
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Fig. S5. In-frame deletion of ptmB2 with ermE*p promoter inserted in front of ptmA.

e

pCSG2404

(A)
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aac(3)IV Int $C31

ptmB2
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with aadA + oriT
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aac(3)IV

Int $C31

aac(3)IV + oriT + Int §C31
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3000bp

ermE-P1-det F 2000bp

—> A 13250
1000bp
750bp _545bp
2534bp *+— >00bp
ermE-P1-det R 250bp

pCSG2814 100bp
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—>

PCR targeting
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S 2534bp
4_
ptmB2-det F S 920bp
BT340

pCSG2813

aac(3)IV

ptmB2-det F
in-frame deletion

Int $C31

(A) a schematic depiction for constructing pCSG2814where ptmB2 was disrupted by in-frame deletion and the ermE*p promoter was inserted in front of ptmA.
(B) Gel electrophoresis of PCR products for proofing pCSG2813. Lane M, DNA marker D2000 plus; lane 1, pCSG2404 as a template using primers ptmB2-det

F and R; lanes 2-3, pCSG2813 as a template.

(C) Gel electrophoresis of PCR products for proofing promoter insertion in pCSG2814. Lane M, DNA marker

D5000; lane 1, pCSG2404 as a template using primers ermE-P1-det F and R; lanes 2-3, pCSG2814 as a template. The cosmid pCSG2814 was selected by

the phenotype as Aer/NeoS
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Fig. S6. Characterization of compound 10 produced by S. lividans TK64/pCSG2814.
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(A) comparison of UV spectra of compound 10 from (i) the AikaB mutant of Streptomyces sp. ZJ306° and (ii) S. pactum 2999PTMp1. (B) the LC-MS

data of compound 10 from S. lividans TK64/pCSG2814.
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Fig. S7. Spectral data for pactamide A (11).
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Fig. S7. Spectral data for pactamide A (11) (continued).

(B) "H NMR spectrum of pactamide A (11) in CDCly/CDs0D (9:1).
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Fig. S7. Spectral data for pactamide A (11) (continued).
(C) The "*C NMR spectrum of pactamide A (11) in CDCIl3/CD;0D (9:1).
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Fig. S7. Spectral data for pactamide A (11) (continued).
(D) The HSQC spectrum of pactamide A (11) in CDCI3/CD3;OD (9:1).
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Fig. S7. Spectral data for pactamide A (11) (continued).

(E) The HMBC spectrum of pactamide A (11) in CDCI3/CD3;OD (9:1).
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Fig. S7. Spectral data for pactamide A (11) (continued).
(F) The COSY spectrum of pactamide A (11) in CDCI3/CD3;OD (9:1).
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Fig. S7. Spectral data for pactamide A (11) (continued).
(G) The NOESY spectrum of pactamide A (11) in CDCI3/CD;0D (9:1).
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Fig. S7. Spectral data for pactamide A (11) (continued).
(H) The NOESY spectrum of pactamide A (11) in CDCI;/CD3;0OD (9:1).
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Fig. S8. Comparison of ECD spectra of pactamides, lysobacteramide B (4) and HSAF.
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(A) ECD spectra measured for pactamides A (11), B (12), D (14) and F (16); (B) ECD spectra of lysobacteramide B (4), HSAF (3) and
3-deOH-HSAF from reference.® (C) Chemical structures.
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Fig. S9. Spectral data for pactamide B (12).

(A) HRESIMS.

Intens.

N “MS, 1.2min #70
4932707 [M - H] "
6000
4000
607.2641
20001 2259788
987.5481
1482 6324
. 339.2005 foo o g 1101.5398,215,5721 e 1729.9595 1977,1054—
200 400 600 800 1000 1200 17400 1600 1800 2000 m/z

Chemical Formula: CogH3gN,O5
calculated for [M - H]": 493.2702
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Fig. S9. Spectral data for pactamide B (12) (continued).

(B) The "H NMR spectrum of pactamide B (12) in DMSO-d.
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Fig. S9. Spectral data for pactamide B (12) (continued).
(C)The "*C NMR spectrum of pactamide B (12) in DMSO-d.
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Fig. S9. Spectral data for pactamide B (12) (continued).
(D) The HSQC spectrum of pactamide B (12) in DMSO-ds.
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Fig. S9. Spectral data for pactamide B (12) (continued).
(E) The HMBC spectrum of pactamide B (12) in DMSO-ds.
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Fig. S9. Spectral data for pactamide B (12) (continued).
(F) The COSY spectrum of pactamide B (12) in DMSO-ds.
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fudd) 13

Fig. S9. Spectral data for pactamide B (12) (continued).
(G) The NOESY spectrum of pactamide B (12) in DMSO-ds.
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Fig. S10. Spectral data for pactamide C (13).
(A) HRESIMS (13)
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Chemical Formula: CygH3gN5O4
calculated for [M + H]*: 479.2910
calculated for [M + Na]*: 501.2729
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Fig. S10. Spectral data for pactamide C (13) (continued).

(B) The "H NMR spectrum of pactamide C (13) in DMSO-ds.
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Fig. S10. Spectral data for pactamide C (13) (continued).
(C)The "*C NMR spectrum of pactamide C (13) in DMSO-d.
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Fig. S10. Spectral data pactamide C (13) (continued).
(D) The HSQC spectrum of pactamide C (13) in DMSO-db.
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Fig. S10. Spectral data for pactamide C (13) (continued).
(E) The HMBC spectrum of pactamide C (13) in DMSO-db.
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Fig. S10. Spectral data for pactamide C (13) (continued).
(F) The COSY spectrum of pactamide C (13) in DMSO-ds.
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Fig. S10. Spectral data for pactamide C (13) (continued).
(G) The NOESY spectrum of pactamide C (13) in DMSO-de.
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Fig. S10. Spectral data for pactamide C (13) (continued).
(H) The NOESY spectrum of pactamide C (13) in DMSO-ds.
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Fig. S11. Spectral data for pactamide D (14).
(A) HRESIMS.
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Fig. S11. Spectral data for pactamide D (14) (continued).
(B) The "H NMR spectrum of pactamide D (14) in DMSO-ds.
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Fig. S11. Spectral data for pactamide D (14) (continued).
(C)The "*C NMR spectrum of pactamide D (14) in DMSO-d.
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Fig. S11. Spectral data for pactamide D (14) (continued).
(D)The HSQC spectrum of pactamide D (14) in DMSO-ds.
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Fig. S11. Spectral data for pactamide D (14) (continued).
(E)The COSY spectrum of pactamide D (14) in DMSO-db.
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Fig. S11. Spectral data for pactamide D (14) (continued).
(F)The HMBC spectrum of pactamide D (14) in DMSO-ds.
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Fig. S11. Spectral data for pactamide D (14) (continued).
(G)The NOESY spectrum of pactamide D (14) in DMSO-ds.
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Fig. S12. Spectral data for pactamide E (15).

(A) HR-ESI-MS.
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Fig. S12. Spectral data for pactamide E (15) (continued).

(B) The "H NMR spectrum of pactamide E (15) in DMSO-dk.

@

=1
A6 S O &
—

G561
06'G

se'eqt
L6764
66'G1

0094
09N
£0'9

61O~
129
5z'9
129
629
589
9e'9
£r'9
9
5v'9
98'9
889
88'9
06'9
204
v0'L
504
104
8v'L
15°L
vaL
vLL

180
071

Pl
=501
SL60
011
0l

060

Esr
Feo

Fon
680
960

6.0

1 (ppe)

S57



Fig. S12. Spectral data for pactamide E (15) (continued).
(C) The "®*C and DEPT 135 NMR spectrum of pactamide E (15) in DMSO-ds.
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Fig. S12. Spectral data for pactamide E (15) (continued).
(D) The COSY spectrum of pactamide E (15) in DMSO-ds.
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Fig. S12. Spectral data for pactamide E (15) (continued).
(E) The HSQC spectrum of pactamide E (15) in DMSO-db.
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Fig. S12. Spectral data for pactamide E (15) (continued).
(F) The HMBC spectrum of pactamide E (15) in DMSO-ds.
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Fig. S12. Spectral data for pactamide E (15) (continued).
(G) The NOESY spectrum of pactamide E (15) in DMSO-ds.
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Fig. S13. Spectral data for pactamide F (16).
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Fig. S13. Spectral data for pactamide F (16) (continued).
(B) The "H NMR spectrum of pactamide F (16) in DMSO-d.
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Fig. S13. Spectral data for pactamide E (16) (continued).

(C)The "*C NMR spectrum of pactamide E (16) in DMSO-ds.
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Fig. S13. Spectral data for pactamide E (16) (continued).
(D) The HSQC spectrum of pactamide E (16) in DMSO-ds.
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Fig. S13. Spectral data for pactamide E (16) (continued).
(E) The HMBC spectrum of pactamide E (16) in DMSO-ds.
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Fig. S13. Spectral data for pactamide E (16) (continued).
(F) The HMBC spectrum of pactamide E (16) in DMSO-ds.
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Fig. S13. Spectral data for pactamide E (16) (continued).
(G) The NOESY spectrum of pactamide E (16) in DMSO-ds.
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Fig. S14. Chemical structures of some other PTMs.
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Fig. S15. SDS-PAGE analysis of purified proteins.
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Fig. S16. LC-MS analysis of PtmC reactions with deuterium labelling.
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Fig. S17. Spectral data for isoikarugamycin (18).
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Fig. S17. Spectral data for isoikarugamycin (18) (continued).

(B) The "H NMR spectrum of isoikarugamycin (18) in CDCI/CD;0D (9:1).
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Fig. S17. Spectral data for isoikarugamycin (18) (continued).
(C) The "*C NMR spectrum of isoikarugamycin (18) in CDCl5/CD;0D (9:1).
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Fig. S18. Streptomyces-mediated Biotranformation of compound 15.
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(i) S. lividans TK64/pCSG2814 feeding with 50 uM compound 15;
(iii) Standard compound 13;

(iv) Standard compound 11.

The strains S. lividans TK64/pCSG2814 were inoculated into 30 mL of AM6 medium
containing 50 ug/mL apramycin with or without 50 yuM compound 15, and were grown
at 28 °C for 5 days. The mycelia were extracted by butanone and were analyzed by
HPLC analysis. HPLC was carried out using a reversed phase column Luna C18, 5
pm, 150 x 4.6 mm (Phenomenex), with UV detection at 360 nm (for trace i) or
310 nm (for traces ii — iv) under the following program: solvent system (solvent A, 10%
acetonitrile in water supplementing with 0.1% formic acid; solvent B, 90% acetonitrile
in water); 5% B to 100% B (linear gradient, 0-18 min), 100% B (18-23 min), 100% B
to 5% B (23-27 min), 5% B (27-32min); flow rate at 1 mL/min.
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Fig. S19. Phylogenetic analysis of PtmD and its analogues.
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Fig. S20. Comparison of highly similar PTM gene clusters and their distinct products.
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