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Supplementary information 1: Structure elucidation
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Figure S1: a) LC-UV-HRMS chromatogram (UV 210 nm: pink trace; MS+: blue
trace) of culture broth extract of CA-300354 (Streptomyces sp. CA-256286 with pRM4-
SARPSs) in MO16 medium. b) HRESIMS(+)-TOF spectrum at rt: 2.55 min. c¢) [M+H]*
adduct and molecular formula of 1
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Figure S2: Targeted isolation of 1 (M+H: m/z 749.26) of culture broth extracts of CA-
300354 (Streptomyces sp. CA-256286 with pRM4-SARPs) regrowth. a) MPLC
chromatogram. b) Further purification by semipreparative HPLC
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Figure S3: a) LC-UV-HRMS chromatogram (UV 210 nm: pink trace; MS+: blue
trace) of peak collected by targeted isolation. b) HRESIMS(+)-TOF spectrum of peak
collected by targeted isolation revelaed the presence of two species, the compound 1
and its oxidized version 2.
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Figure S4: Conversion over time of 1 into 2 (oxidation) monitored by HRMS (a) and

!H-NMR (DMSO-d6, 500 MHz) (b)
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Scale-up purification of 2 by semipreparative HPLC

Figure S5
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Figure S6: a) LC-UV-HRMS chromatogram (UV 210 nm: pink trace; MS+: blue
trace) of pure 2. b) HRESIMS(+)-TOF spectrum of pure 2. ¢) [M+H]* adduct and
molecular formula of 2.
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Figure S7: MS/MS fragmentation of [M+H]* adduct of 2. Final structure of 2 and the
loss of forosamine moiety are shown
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Figure S8: a) H-6" proton signal in JRES spectrum of 2. b) Multiplet simulation [1] for
H-6" (applied values for *H-'H coupling constants are indicated) showing good fitting
with the multiplicity experimentally observed.
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Figure S9: a) H-5"eqg and H-5"ax methylene proton signals in JRES spectrum of 2.
b) Horizontal HSQC traces for H-5'eq and H-5"ax protons in 2, obtained after
Gaussian multiplication.[2]. Although *H-'H coupling constants could not be accurately
measured, the proton with higher multiplicity was reasonably assigned to H-5" ax.
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Supplementary information 2: Bioactivity testing
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Supplementary information 3: antiSMASH prediction
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Figure S21: Prediction of biosynthetic regions in Streptomyces sp. CA-256286
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Supplementary information 4: Replicates and samples for omics

analyses

Table S1: Replicates of strains CA-300354 (Streptomyces sp. CA-256286 with pPRM4-SARPS)
and CA-300355 (Streptomyces sp. CA-256286 with pRM4) harvested for proteomics and
transcriptomics analyses, the number given in RNA purification and sequencing, and which
replicates successfully resulted in data.

Strain Replicate | Number in RNA purification | Proteomics Transcriptomics
CA-300354 | A 11 Yes No
CA-300354 | B 12 No Yes
CA-300354 | C 13 Yes Yes
CA-300354 | D 14 Yes Yes
CA-300354 | E 15 Yes Yes
CA-300355 | A 16 Yes Yes
CA-300355 | B 17 Yes Yes
CA-300355 | C 18 Yes Yes
CA-300355 | D 19 Yes Yes
CA-300355 | E 20 No No
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Supplementary information 5: Transcriptomics

BGC 1.20 BGC 1. 31
CA-300354 CA-300355 CA-300354 CA-300355

nnnnnn

Figure S22: Heat maps of transcriptomics data for three replicates of each strain CA-
300354 (Streptomyces sp. CA-256286 with pRM4-SARPs) and CA-300355 (Streptomyces
sp. CA- 256286 with pRM4) for all genes predicted in BGC 1.20 (FBHECJPB_02990 to
FBHECJPB_03067) and 1.31 (FBHECJPB 06042 to FBHECJPB_06108). The colors
represent expression levels, where red represents high and blue represents low expression.
The two core type Il PKS genes from each cluster are outlined in yellow. The data was
analyzed with CLC Genomics with default parameters.
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Supplementary information 6: LC-MS analyses
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Figure S23: LC-MS analysis for the production of (1) in CA-300355 (CA-256286 with pRM4) (ii), CA-300354 (CA-
256286 with pRM4-SARPs) (iii) and CA-256286 with pKC1218-SARPs (iv). Chromatogram (i) represents blank
samples from MO16 medium (negative control). Replicates are displayed in overlaid mode. On the right from every
EIC, a mass spectrum is extracted for approximate RT 5.35 min for one of thereplicates.
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Figure S24: LC-MS analysis for the production of (3) in CA-300355 (CA-256286 with pRM4) (ii), CA-300354 (CA-
256286 with pRM4-SARPs) (iii) and CA-256286 with pKC1218-SARPs (iv). Chromatogram (i) represents blank
samples from MO16 medium (negative control). Replicates are displayed in overlaid mode. On the right from every
EIC, a mass spectrum is extracted for approximate RT 6.21 min.
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Figure S25: LC-MS analysis for the production of (1) in CA-256286 with pRM4 (i), CA-256286 with pRM4-SARPs
CA-256286-inactivatedFBHECJPB_06071 (iv), CA-256286-
inactivatedFBHECJPB_06072 (v), CA-256286-inactivatedFBHECJPB_06071 with pRM4 (vi), CA-256286-
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inactivatedFBHECJPB_06072 with pKC1218-SARPs and pRM4-FBHECJPB_06072(xiii). Replicates are displayed
in overlaid mode. On the right from every EIC, a mass spectrum is extracted for approximate RT 5.35 min.
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Figure S26: LC-MS analysis for the production of (3) in CA-256286 with pRM4 (i), CA-256286 with pRM4-SARPs

26



(i), CA-256286 with pKC1218-SARPs (iii), CA-256286-inactivatedFBHECJPB_06071 (iv), CA-256286-
inactivatedFBHECJPB_06072 (v), CA-256286-inactivatedFBHECJPB_06071 with pRM4 (vi), CA-256286-
inactivatedFBHECJPB_06072 with pRM4 (vii), CA-256286-inactivatedFBHECJPB_06071 with pRM4-SARPs (viii),
CA-256286-inactivatedFBHECJPB_06072 with pRM4-SARPs (ix), CA-256286-inactivatedFBHECJPB_06071 with
pKC1218-SARPs (x), CA-256286-inactivatedFBHECJPB_06072 with pKC1218-SARPs (xi), CA-256286-
inactivatedFBHECJPB_06071 with pKC1218-SARPs and pRM4-FBHECJPB_06071 (xii) and CA-256286-
inactivatedFBHECJPB_06072 with pKC1218-SARPs and pRM4-FBHECJPB_06072(xiii). Replicates are displayed
in overlaid mode. On the right from every EIC, a mass spectrum is extracted for approximate RT 6.20 min.
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Figure S27: LC-MS analysis for the production of (1) in S. albus J1074 with BAC-1.31 (ii) and S. albus J1074 with
BAC-1.31 and pKC1218-SARPs (iii). Chromatogram (i) represents blank samples from MO16 medium (negative
control). Replicates are displayed in overlaid mode. On the right from every EIC, a mass spectrum is extracted for
approximate RT 5.35 min for one of the replicates.
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Figure S28: LC-MS analysis for the production of (3) in S. albus J1074 with BAC-1.31 (ii) and S. albus J1074 with
BAC-1.31 and pKC1218-SARPs (iii). Chromatogram (i) represents blank samples from MO16 medium (negative
control). Replicates are displayed in overlaid mode. On the right from every EIC, a mass spectrum is extracted for
approximate RT 6.16 min for one of the replicates.
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Figure S29: LC-MS analysis for the production of (1) and (3) in CA-256286 with pRM4-SARPs (i) and CA-
256286 with pRM4-actll-ORF4. Replicates and the two different EICs are displayed in overlaid mode. On the
right from every EIC, a mass spectrum is extracted for approximate RT 4.1 and 5.0 min for one of the replicates.
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Figure S30: LC-MS analysis for the production of (1) in CA-256286 with pPRM4-SARPs (i), CA-256286 with

pPRM4-actll-ORF4 (i), CA-256286 with pRM4-griR (iii), CA-256286 with pRM4-aurlPR3 (iv), CA-256286 with
pRM4-papR2 (v) and CA-256286 with pRM4-reD (vi). Replicates are displayed in overlaid mode.
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Supplementary information 7: BLAST analyses

Table S2: BLAST against the genome of Streptomyces albidoflavus J1074 (ASM35952v1)
using detoxification genes from Streptomyces coelicolor.

Gene name | Origin of the | Best BLAST hit score | Pairwise E value Position, nt
gene identity, %

mshA S. coelicolor | 1393.49 82.2% 0 3,825,507 -
(SC0O4204) | A3(2) 3,826,907

No other significant hits
mshB S. coelicolor | 598.201 75.1% 4.95e-171 | 1,996,898 - 1,996,010
(SCO5126) | A3(2)

2 other hits, but of much

lower quality
mshC S. coelicolor | 1512.51 87.4% 0 5,860,358 - 5,861,583
(SC0O1663) | A3(2)

143.752 71.7% 4.39%e-34 2,935,694 - 2,935,432
mshD S. coelicolor | 825.426 79.9% 0 3,750,284 - 3,749,361
(SC0O4151) | A3(2)

One another hit, but of

low quality
Mca S. coelicolor | 1081.5 87.2% 0 4,590,064 - 4,590,945
(SC0O4967) | A3(2)

64.404 71.8% 2.40e-10 1996877 - 1996754
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Supplementary information 8: Biosynthesis of griseusins

O
\‘ﬁ Polyketide backbone
c20 : Positions of original keto group
c18

’//, (0] N
oy / o N Bond/ring formations
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GT
\ Spiro center
(0)
O ~ \OX?
KR?
c3 Starter unit: Acetyl-CoA
L -> C19+C20
"I
,
» Extender unit: Malonyl-CoA
- 9iterations
c1 -> Last unit: C1+C2
Cyclizations: First A: C7-C12, then B: C5-C14
O

Figure S31: Schematic of proposed type Il PKS features for biosynthesis of compound (3)
3'- O-a-D-forosaminyl-griseusin A. KR: Ketoreductase, DH: Dehydratase, Ox: Oxidation,
MT: Methyltransferase, GT: Glycosyltransferase.
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Supplementary information 9: BGC 1.31

Table S3: All genes from BGC 1.31 and their putative functions. The genes marked in green
indicate genes we are convinced are involved, yellow indicates genes that might be involved
and unmarked ones are unknown if they are involved. For each of the genes, it is registered
whether the peptide was detected in proteomics analysis and whether the expression level
was found to be significantly higher in strain Streptomyces sp. CA-256286 (pRM4-SARPS)

than Streptomyces sp. CA-256286 (pRM4) in transcriptomics analysis.

Trans
antiSMASH predicted Proteo|critpto
Locus tag Prokka [Locus tag NCBI Nr.|Comment putative function BLASTP top hit mics |mics
AAA family ATPase [Streptomyces
FBHECJPB_06042 [JHY03_07500 1] SMC family ATPase sp. MBT58]
MULTISPECIES: Lrp/AsnC family
Lrp/AsnC family transcriptional regulator X
FBHECJPB_06043 [JHY03_07490 2 transcriptional regulator [Streptomyces]
MULTISPECIES: rhodanese-like
domain-containing protein X
FBHECJPB_06044 [JHY03_07480 3| Sulfurtransferase sulfurtransferase [Streptomyces]
DUF885 domain-containing protein X
FBHECJPB_06045 |JHY03_07470 4 hypothetical protein [Streptomyces sp. NRRL S-623]
MULTISPECIES: Lrp/AsnC family
Lrp/AsnC family transcriptional regulator X
FBHECJPB_06046 [JHY03_07460 5 transcriptional regulator [Streptomyces]
cystathionine gamma- MULTISPECIES: PLP-dependent X %
FBHECJPB_06047 [JHY03_07450 6 synthase transferase [Streptomyces]
GNAT family N- MULTISPECIES: GNAT family N- %
FBHECJPB_06048 [JHY03_07440 7 acetyltransferase acetyltransferase [Streptomyces]
hypothetical protein [Streptomyces
FBHECJPB_06049 [JHY03_07430 8 hypothetical protein fulvissimus]
SWIM zinc finger family MULTISPECIES: SWIM zinc finger
FBHECJPB_06050 |JHY03_07420 9 protein family protein [Streptomyces]
MULTISPECIES: alkaline
phosphatase D family protein
FBHECJPB_06051 [JHY03_07410 10 alkaline phosphatase [Streptomyces]
PLP-dependent aminotransferase class I/11-fold
aminotransferase family pyridoxal phosphate-dependent X
FBHECJPB_06052 |JHY03_07400 11 protein enzyme [Streptomyces fulvissimus]
hypothetical protein
YUYDRAFT_03072 [Streptomyces
FBHECJPB_06053 [JHY03_07390 12 hypothetical protein sp. ScaeMP-e48]
MULTISPECIES: alpha/beta fold
FBHECJPB_06054 [JHY03_07380 13 alpha/beta fold hydrolase hydrolase [Streptomyces]
sigma-70 family RNA RNA polymerase sigma factor SigJ X
FBHECJPB_06055 [JHY03_07370 14 polymerase sigma factor [Streptomyces sp. MBT57]
MULTISPECIES: GntR family
GntR family transcriptional | transcriptional regulator X
FBHECJPB_06056 [JHY03_07360 15 regulator [Streptomyces]
ROK family transcriptional |ROK family protein [Streptomyces %
FBHECJPB_06057 |JHY03_07350 16 regulator luridiscabiei]
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(Table continued)

MULTISPECIES: hypothetical

FBHECJPB_06058 [JHY03_07340 17 hypothetical protein protein [Streptomyces]
MULTISPECIES: G/U mismatch-
G/U mismatch-specific DNA |specific DNA glycosylase
FBHECJPB_06059 |JHY03_07330 18 glycosylase [Streptomyces]
adenylosuccinate lyase
FBHECJPB_06060 [JHY03_07320 19 adenylosuccinate lyase [Streptomyces microflavus]
MULTISPECIES: TetR family
TetR family transcriptional | transcriptional regulator
FBHECJPB_06061 |JHY03_07310 20 regulator [Streptomyces]
FBHECJPB_06062 NADPH:quinone reductase- |zinc-binding dehydrogenase
/ qor JHY03_07300 / qor 21| Oxidureductase dependent oxidoreductase |[Streptomyces sp. 2R]

MULTISPECIES: multidrug efflux

FBHECJPB_06063 |JHY03_07290 22| Exporter export protein MFS transporter [Streptomyces]
sorbitol utilization protein MULTISPECIES: SDR family
FBHECJPB_06064 |JHY03_07280 23|KR SOU2 oxidoreductase [Streptomyces]

FBHECJPB_06065

JHY03_07270

24

Glycosyl transferase

glycosyl transferase family
protein

MULTISPECIES: DUF1205 domain-
containing protein [Streptomyces]

FBHECJPB_06066

JHYO03_07260

25

hypothetical protein

MULTISPECIES: hypothetical
protein [Streptomyces]

FBHECJPB_06067
/ desVI

JHY03_07250 / desVI

2

(=2

Methyltransferase
Similar to SpnS
dimethyltransferase

dTDP-3-amino-3,4, 6-
trideoxy-alpha-D-
glucopyranose

MULTISPECIES: class | SAM-
dependent methyltransferase
[Streptomyces]

FBHECJPB_06068
/ rfbA

JHY03_07240 / rfbA

27

Thymidylyltransferas
e

glucose-1-phosphate
thymidylyltransferase

MULTISPECIES: glucose-1-
phosphate thymidylyltransferase
RfbA [Streptomyces]

FBHECJPB_06069

JHYO03_07230

28

Clyclase CYC C7-
C12

actinorhodin polyketide
synthase bifunctional
cyclase/dehydratase

hypothetical protein BEH93_30180
[Streptomyces sp. 2R]

MULTISPECIES: acyl carrier protein

FBHECJPB_06070 |JHY03_07220 29|ACP acyl carrier protein [Streptomyces]
MULTISPECIES: ketosynthase
ketosynthase chain-length | chain-length factor [unclassified

FBHECJPB_06071 |JHY03_07210 30| Core type Il PKS factor Streptomyces]

FBHECJPB_06072

JHYO03_07200
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Core type Il PKS

beta-ketoacyl-[acyl-carrier-
protein] synthase family
protein

MULTISPECIES: beta-ketoacyl-
[acyl-carrier-protein] synthase
family protein [Streptomyces]

MULTISPECIES: thioesterase

FBHECJPB_06073 [JHY03_07190 32| Thioesterase thioesterase [Streptomyces]
MULTISPECIES: NAD(P)H-
NADPH-dependent dependent oxidoreductase
FBHECJPB_06074 [JHY03_07180 33| Oxidureductase oxidoreductase [Streptomyces]
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(Table continued)

FBHECJPB_06075

JHY03_07170

34

hypothetical protein

MULTISPECIES: 4~
phosphopantetheinyl transferase
superfamily protein [unclassified
Streptomyces]

FBHECJPB_06076

JHY03_07160

35

Similar to SpnO
dehydrase

NDP-hexose 2,3-
dehydratase

MULTISPECIES: NDP-hexose 2,3-
dehydratase family protein
[unclassified Streptomyces]

Similar to SpnN

Gfo/ldh/MocA family

Gfo/ldh/MocA family oxidoreductase

FBHECJPB_06077 | JHY03_07150 36| ketoreductase oxidoreductase [Streptomyces sp. 2R]
MULTISPECIES:
FBHECJPB_06078 Similar to SpnQ lipopolysaccharide lipopolysaccharide biosynthesis
/ rfbH JHY03_07140 /rfbH | 37|dehydrase biosynthesis protein RfbH | protein RfbH [Streptomyces]
Cyclase CYC C5- MULTISPECIES: MBL fold metallo-
FBHECJPB_06079 | JHY03_07130 38|C14 cyclase hydrolase [Streptomyces]
MULTISPECIES: AfsR/SARP family
transcriptional regulator
FBHECJPB_06080 [JHY03_07120 39| SARP regulatory protein [Streptomyces]
MULTISPECIES: acyl-CoA
dehydrogenase family protein
FBHECJPB_06081 |JHY03_07110 40 hydrolase [Streptomyces]
MULTISPECIES: nuclear transport
CYC C1-C18|C2- nuclear transport factor 2 factor 2 family protein
FBHECJPB_06082 |JHY03_07100 41|C19 (does not fit) family protein [Streptomyces]
MULTISPECIES: LLM class flavin-
dependent oxidoreductase
FBHECJPB_06083 |JHY03_07090 42| Oxidureductase luciferase family protein [Streptomyces]
3-phenylpropionate-
FBHECJPB_06084 dihydrodiol/cinnamic acid- |MULTISPECIES: SDR family
/ hcaB JHY03_07080 / hcaB_| 43|KR dihydrodiol dehydrogenase |oxidoreductase [Streptomyces]
MULTISPECIES: acyltransferase
FBHECJPB_06085 |JHY03_07070 44| Acyltransferase acyltransferase [unclassified Streptomyces]
MULTISPECIES: SDR family
NAD(P)-dependent oxidoreductase
FBHECJPB_06086 |JHY03_07060 45| Oxidureductase / KR [short chain dehydrogenase |[Streptomyces]
Cyclase CYC C7- actinorhodin polyketide
C12 (similar to S. synthase bifunctional SRPBCC family protein
FBHECJPB_06087 |JHY03_07050 46| griseus cyclase) cyclase/dehydratase [Streptomyces sp. 2R]
KR (similar to S. SDR family NAD(P)- MULTISPECIES: 3-oxoacyl-ACP
FBHECJPB_06088 [JHY03_07040 47| griseus KR) dependent oxidoreductase |reductase FabG [Streptomyces]
Aminotranferase, MULTISPECIES:
similar to SpnR DegT/DnrJ/EryC1/StrS DegT/DnrJ/EryC1/StrS family
FBHECJPB_06089 [JHY03_07030 48| transaminase family aminotransferase aminotransferase [Streptomyces]
AfsR/SARP family transcriptional
FBHECJPB_06090 |JHY03_07020 49| SARP transcriptional regulator regulator [Streptomyces sp. 2R]
FBHECJPB_06091 dTDP-glucose 4,6- MULTISPECIES: dTDP-glucose 4,6-
/ rfbB JHY03_07010 / rfbB 50(Dehydratase dehydratase dehydratase [Streptomyces]
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(Table continued)

SGNH/GDSL hydrolase

MULTISPECIES: SGNH/GDSL
hydrolase family protein

FBHECJPB_06092 |JHY03_07000 51 family protein [unclassified Streptomyces]

HlyC/CorC family MULTISPECIES: HlyC/CorC family
FBHECJPB_06093 | JHY03_06990 52 transporter transporter [Streptomyces]

HlyC/CorC family DUF21 domain-containing protein
FBHECJPB_06094 | JHY03_06980 53 transporter [Streptomyces sp. MBT58]

GNAT family N- MULTISPECIES: GNAT family N-
FBHECJPB_06095 |JHY03_06970 54 acetyltransferase acetyltransferase [Streptomyces]

toxin-antitoxin system HicB | MULTISPECIES: hypothetical
FBHECJPB_06096 |JHY03_06960 55 family antitoxin protein [Streptomyces]

MULTISPECIES: hypothetical
FBHECJPB_06097 [JHY03_06950 56 hypothetical protein protein [Streptomyces]
methyltransferase domain-

class | SAM-dependent containing protein [Streptomyces
FBHECJPB_06098 | JHY03_06940 57| Methyltransferase methyltransferase sp. MBT58]

ATP-dependent ATP-dependent dethiobiotin

dethiobiotin synthetase synthetase BioD [Streptomyces sp.
FBHECJPB_06099 |JHY03_06930 58 BioD MBT58]

adenosylmethionine--8- adenosylmethionine--8-amino-7-

amino-7-oxononanoate oxononanoate transaminase
FBHECJPB_06100 |JHY03_06920 59| SAM transaminase [transaminase [Streptomyces sp. MBT58]

biotin synthase BioB [Streptomyces

FBHECJPB_06101 |JHY03_06910 60 biotin synthase sp. NRRL S-623]
MULTISPECIES: 8-amino-7-
8-amino-7-oxononanoate oxononanoate synthase
FBHECJPB_06102 |JHY03_06900 61 synthase [Streptomyces]
MULTISPECIES: DUF397 domain-
FBHECJPB_06103 |JHY03_06890 62 hypothetical protein containing protein [Streptomyces]
XRE family transcriptional DNA-binding protein [Streptomyces
FBHECJPB_06104 |JHY03_06880 63 regulator fulvissimus DSM 40593]
MULTISPECIES: ATP-binding
FBHECJPB_06105 |JHY03_06870 64 ATP-binding protein protein [Streptomyces]
MULTISPECIES: LysR family
LysR family transcriptional [transcriptional regulator
FBHECJPB_06106 [JHY03_06860 65 regulator [Streptomyces]
MULTISPECIES: LysE family
FBHECJPB_06107 |JHY03_06850 66 LysE family translocator translocator [Streptomyces]
MULTISPECIES: C40 family
FBHECJPB_06108 | JHY03_06840 67 NIpC/P60 family protein peptidase [Streptomyces]
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