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Materials and Methods

Experimental Procedures

General

Restriction endonucleases, T4 polymerase and NEBuffer 2.1 were obtained from New England
BioLabs (Ipswich, MA, USA). For Gibson assembly, the Gibson assembly kit from New England
BioLabs (Ipswich, MA, USA) was used. T4 ligase and buffer for Golden Gate cloning were
obtained from Promega (Fitchburg, WI, USA). PCR was performed with Phusion polymerase
(Thermo Fisher Scientific, Waltham, MA, USA) or Q5 polymerase (New England Biolabs, Ipswich,
MA, USA) according to manufacturer's instructions. DNA sequencing was conducted by GATC
Biotech (Konstanz, Germany), Microsynth (Balgach, Switzerland) or Plasmidsaurus (Eugene, OR,
USA). The pJET1.2/blunt and pCR-Blunt 1I-TOPO cloning kits were purchased from Thermo
Fisher Scientific (Waltham, MA, USA) and the pGEM-T Easy subcloning kit was obtained from
Promega (Fitchburg, WI, USA). For sonication, a Sonicator Q700 from QSonica, Newton was
used and Ni-NTA agarose for protein purification was purchased from Macherey-Nagel. Gel
purification and plasmid extraction kits were purchased from Macherey-Nagel. High-pressure
liquid chromatography high resolution mass spectrometry (HPLC-HRMS) was performed on a
Thermo Scientific Q Exactive or LTQ Orbitrap XL mass spectrometer coupled to a Dionex
Ultimate 3000 UPLC system operated by Xcalibur 4.1 and Chromeleon Xpress 7.2 (Thermo
Scientific), respectively.

Strains and culture conditions

B. subtilis, E. coli, and S. plymuthica strains used in this study are listed in Table S1. We used B.
subtilis DK1042 which is a derivative of the B. subtilis 3610 wild-type strain with increased
competence due to a single point mutation in the com/ gene negatively regulating natural
competence (55). Strains were grown in LB liquid medium and on LB agar plates at 37 °C. To
select plasmids in E. coli and S. plymuthica, antibiotics were used at final concentrations as
follows: Ampicillin 100 pg/mL, chloramphenicol 12.5 pg/mL, gentamycin 20 pg/mL, kanamycin
50 pg/mL, and spectinomycin 50 pg/mL. To select for positive transformants in B. subtilis,
antibiotics were used at final concentrations of 60 pg/mL spectinomycin and 5 pg/mL
chloramphenicol. Gynuella sunshinyii YC6258" was obtained from NITE Biological Resource
Center (NBRCQC).

Plasmid construction for Bacillus engineering

As an acceptor vector, pFusA was used. The plasmid was a gift from Adam Bogdanove & Daniel
Voytas (Addgene plasmid #31028). All gene fragments and resistance genes used in Golden
Gate cloning were amplified with primers containing the Bsal restriction sites (Table S3). All
PCR fragments were subcloned into pJET1.2/blunt, pCRBlunt II-TOPO or pGEM-T Easy
according to manufacturer's instructions. Golden Gate cloning was performed as published by
Engler and Marillonnet using pFusA/Spc as an acceptor vector (56, 57). Additionally, the



resistance cassette was replaced by the gentamycin resistance cassette from pIC20H-RL to get
a second pFusA/Gm acceptor plasmid (58). See Table S5 for a list of plasmids and information
on donor and acceptor vectors for Golden Gate assemblies. The chloramphenicol (Cm)
resistance gene was amplified from pACYC184 (New England BiolLabs, Ipswich, MA, USA) and
subcloned into pCR-Blunt [I-TOPO. The HyperSpac promoter was amplified from
PMF37/pDGICZ and fused to the Cm resistance gene using Gibson assembly. As a common
acceptor plasmid, pFusA with a placeholder kanamycin resistance cassette, the
chloramphenicol resistance cassette and a common downstream homology was assembled.
Subcloned Golden Gate pieces and the final assemblies were introduced into E. coli DH5a.

Bacillus transformation and screening

The transformation protocol was obtained from http://2012.igem.org. 3 mL of freshly prepared
medium A (25% glucose 1 mL, 10x medium A (yeast extract 5 g, casamino acids 1g, ddH,O add
450 mL) 4 mL, 10x salt solution (NH4).SO4 10 g, K2HPO4 69.8 g, KH.PO4 30g, Na* citrate 5 g,
MgSQO47 H20 1 g, ddH.O add 500 mL) 4.5 mL, H.O added to 45 mL) were inoculated with a
single colony from a fresh plate and incubated at 37 °C and 180 rpm overnight. 20 mL of freshly
prepared and pre-warmed (37 °C) medium A was inoculated to an ODeoo of 0.1 with the
overnight culture. Cells were grown to an ODegp of 1.0 at 37 °C and 180 rpm. 45 mL of
prewarmed freshly prepared medium B (25% glucose 1 mL, 10x medium A, 4 mL, 10x salt
solution 4.5 mL, H,O added to 45 mL, 1 M CaCl, 22.5 pl, 1 uM MgCl, 112.5 pl, ddH,O added to
45 mL) were inoculated with 5 mL of the culture and incubated for 1.5 h at 37 °C and 180 rpm.
Cells were harvested by centrifugation for 5 min at 1800 x g at 25 °C and resuspended in 3 mL
of supernatant. 1 ug of DNA was added to 100 pl of cell suspension. After 2 h of incubation at
37 °C and 900 rpm cells were plated on LB containing 5 mg/mL of Cm or 60 mg/mL Spc,
depending on the transformed construct. Plates were incubated overnight at 37 °C. Single
colonies were picked and transferred to a fresh LB plate containing appropriate antibiotics and
incubated overnight at 37 °C. If a mutant already containing one of the selection markers was
transformed, colonies were plated on both antibiotics separately for counter selection
screening. Positive colonies were chosen for colony PCR. Bacillus colony material was incubated
at 100 °C for 10 min in 20 pl of DMSO and used as a template. An overview of screening primers
is provided in Table S8.

Expression and analysis of chimeric Bacillus PKSs

To test for polyketide production, 5 mL YEME7 medium (4 g/L yeast extract, 10 g/L malt extract,
4 g/L glucose, 0.5 mL of 1T M NaOH per liter, add MOPS after autoclaving)(30) with the
appropriate antibiotics was inoculated with a single colony of B. subtilis strains. The culture was
incubated in the dark at 37 °C and 250 rpm for 16-18 h. To check for bacillaene production or
intermediates, the culture was mixed in the dark with methanol and shaken vigorously. The
samples were spun down for 20 min at 10 °C and max speed and the supernatant subjected to
UHPLC-HRMS analysis. Kinetex 2.6 um XB-C18 100 A column (4.6 x 150 mm; Phenomenex) for
5 min at 10% acetonitrile (0.1% FA) in water (0.1% FA) followed by a gradient (10 to 100%) of



acetonitrile (0.1% FA) in water (0.1% FA) over 11.5 min followed by 2 min 10% acetonitrile (0.1%
FA) in water (0.1% FA) (1 mL/min).

Generation of S. plymuthica 4Rx13 AoocQR knockouts

The S. plymuthica 4Rx13 AoocR and S. plymuthica 4Rx13 AoocQR knockout strains were
generated as described in Domik et al. (59), using the primer pairs KO_SOD_b01030_fwd/
KO_SOD_c22970_rev and KO_SOD_b01030_fwd/ KO_SOD_b01030_rev for S. plymuthica
4Rx13A00cQR and S. plymuthica 4Rx13AoocR respectively (Table S8).

Cloning of plasmids encoding chimeric ooc PKSs

The sequences encoding OocQRkso-11_to_ks12 and OocSace c were amplified from S. plymuthica
4Rx13 liquid culture and the sequences encoding grafted PKS fragments were amplified from
Gynuella sunshinyii YC6258 liquid culture (lacunalide (57), lobatamide (78), gynuellalide (26)
and tartrolon (20)), previously isolated metagenomic DNA of Mycale hentscheli (peloruside
(67)), Bacillus subtilis DK1042 liquid culture (bacillaene(30, 48)), or a previously isolated
pCC1Fos fosmid (psymberin(27)). The amplicon of the psy terminus from the NAHVILEE motif
onward was synthesized by GenScript (Leiden, The Netherlands). An overview of the primers
used is provided in Table S9. pBAD was used as backbone and the individual constructs were
assembled using extension PCRs, Gibson assembly or ExoCET (67). Assembled constructs were
introduced into E. coli DH5q, verified by sequencing, and then introduced into S. plymuthica
4Rx13 AoocQR. As controls, empty pBAD was introduced into S. plymuthica 4Rx13 AoocQR.

Expression and analysis of S. plymuthica 4Rx13 strains

For MS-based analysis of S. plymuthica 4Rx13 chimeras, the strains were inoculated from
overnight cultures and grown in 20 mL enriched potato dextrose broth (EPB: 24 g/L potato
dextrose broth (Difco), 6 g/L bactopeptone, 4 g/L yeast extract, 100 mg/L NaCl). The volumes
of overnight culture used for inoculation were adjusted to reflect a 200 pL culture with a 5x-
diluted ODeo=0.5. Cultures were supplemented with appropriate antibiotics. For wild type
S. plymuthica, no antibiotics were used, for S. plymuthica AoocQR 25 pg/mL kanamycin was
used and for S. plymuthica AoocQR strains supplemented with plasmids, 100 pg/mL ampicillin
and 25 pg/mL kanamycin was used. Expression of the introduced PKS parts was induced by the
addition of 0.2% L-arabinose (2 uL/mL 1 g/mL). Then, cultures were incubated for 20 hours at
26 °C and 180 rpm. We note expression at higher or lower temperatures leads to a significant
drop and near-abolishment in production. After 20 hours, 7 mL of the cultures were extracted
with 7 mL ethyl acetate. 4 mL of the organic phase was evaporated over a nitrogen flow while
being heated to 40 °C, after which the solid residue was resuspended in 1T mL methanol and
centrifuged. The supernatant was subjected to UHPLC-HRMS analysis using a Dionex Ultimate
3000 UPLC system connected to a Thermo QExactive mass spectrometer. A solvent gradient (A
= H,0 + 0.1% formic acid and B = acetonitrile + 0.1% formic acid) with B at 1% for 0-3 min, 5—

95% for 3-19 min and 95% for 19-23 min at a flow rate of 1.0 mL/min) was used on a



Phenomenex Kinetex 2.6 pM C18 100A (150 x 4.6 mm) column at 27 °C. The MS was operated
in positive ionization mode at a scan range of 150-1500 m/z. The spray voltage was set to
3.7 kV and the capillary temperature to 320 °C. Analysis of MS data was done with 5 ppm
accuracy. Downstream data analysis was performed with custom Python scripts to obtain the
EICs reported for the S. plymuthica mutants in which all peaks reported have a chlorinated
isotope pattern. Peaks at m/z values corresponding to the target mass for the EICs but that did
not show chlorination isotope patterns were excluded.

Isolation of compounds 2 and 3

Expression for purification of 2 and 3 was done under the same conditions as expressions for
analysis of all S. plymuthica mutants, as described directly above. For the expression of 2, 5 liter
liquid cultures of were grown in batches of 200 mL in 1 L baffled Erlenmeyer flasks. For the
expression and purification of 3, 10 liter liquid cultures of S. plymuthica 4Rx13 AoocQR + pBAD-
00CcQRLprvprsw-PSyks11 were grown in batches of 100 mL in 250 mL baffled Erlenmeyer flasks.
The pellet and supernatant from the total culture volumes were separated via centrifugation.
The supernatant was extracted twice with equal volumes of ethyl acetate. The resulting ethyl
acetate extracts were evaporated to dryness, leaving a brown solid. The supernatant was
extracted two times with equal volumes of ethyl acetate and evaporated to dryness.

The crude extracts were fractionated using preparative reverse phase HPLC (Agilent 1260
Infinity system, equipped with a Phenomenex Luna 5 pm C18 21.2 x 250 mm column).
Deionized water (Milli-Q, Millipore) +0.05% TFA (solvent A) and acetonitrile +0.05% TFA
(solvent B) were used as the mobile phase. An elution gradient of 5-100% solvent B in 50 min
followed by isocratic conditions at 100% solvent B for 10 min was applied. UV detection was
carried out at 210, 254, and 280 nm. The collected fractions were analyzed by HR-MS.

For the isolation of compound 2, the crude extracts were fractionated by semi-preparative
reverse phase HPLC (Agilent 1260 Infinity system, equipped with a Phenomenex Kinetex 5 pm
C18 10 x 250 mm column) with solvent A/solvent B above as the mobile phase. An elution
gradient of 5-50% solvent B in 15 minutes followed by followed by a steady increase of solvent
B from 50-100% in 25 minutes and finally isocratic conditions at 100% solvent B for 10 min was
applied. UV detection was carried out at 210, 254, and 280 nm and two fractions collected
every minute. The fractions containing 2 were combined to afford 3 mg of the compound.

Fractions containing 3 were further purified by semi-preparative reverse phase HPLC (Agilent
1260 Infinity system, equipped with a Phenomenex Kinetex 5 pm C18 10 x 250 mm column)
with solvent A/solvent B above as the mobile phase. Compound 3 was obtained by purification
of fraction 12 and 13 by applying an elution gradient 25-65% solvent B for 30 min followed by
gradient shift from 65 to 100% in 5 min, and finally isocratic condition at 100% solvent B for 5
min.



Construction of module deletion plasmids (pEB17_Alcn14-15, pEB17_Alcn17-24,
pEB17_Alcn20-23, pEB17_Alcn21-22)

Primers for Gibson assemblies were designed using NEBuilder (https://nebuilder.neb.com/#!/)
to generate products with 20 bp overhang to one another. For each deletion plasmid, the two
500 bp homology arms were chosen in a way that the first homology arm ended at the protein
level downstream of the FSD after the respective KS (e.g., KS13 in pEB17_Alcn14-15), and the
second homology arm started after the FSD of the last deleted KS (e.g., KS15 in pEB17_Alcn14-
15; hence enclosing the 8168 bp of modules 14 and 15).

To amplify target regions, a small G. sunshinyii culture was transferred to a 1.5 mL Eppendorf
tube, sonicated for 10 min and then boiled at 100 °C for 10 min. The supernatant was used as
a template in the PCR (for primer pairs see Table S10, eg., GS03&GS04 to amplify the Alcn1415
homology arm 1). Purified plasmids were used as a template for the plasmid backbone (pEB17,
eg. GSOT1&GS02 to amplify the Alcn14-15 backbone). PCR products were separated on an
agarose gel and purified with a NucleoSpin Gel and PCR Clean-up kit (Macherey-Nagel AG).
The homology arms and respective inserts were fused by an overlap extension PCR (outer
primers of the fused product were only added after 15 PCR steps). After Gibson assembly of
the fragments using in-house prepared master mixes (62), plasmids were electroporated into
E. coli DH5a pir recovered in Luria-Bertani (LB) broth for one hour and plated onto LB
containing kanamycin (50 pg/mL). A culture of a single colony was prepared, the plasmid was
isolated with a NucleoSpin Plasmid kit (Macherey-Nagel AG) and sequenced (primers GS25,
GS26, Table S10).

Transformation of E. coli ST18 donor strains

The plasmids (pEB17_Alcn14-15, pEB17_Alcn17-24, pEB17_Alcn20-23, pEB17_Alcn21-22) were
electroporated into the auxotrophic donor strain E. coli ST18 (63). Bacteria were recovered in
LB supplemented with 50 pg/mL 5-aminolevulinic acid (ALA). After 1-hour, cultures were plated
onto LB (50 pg/mL ALA, 50 pg/mL kanamycin). For the conjugation, a culture of a single colony
was prepared.

Construction of G. sunshinyii mutants by conjugation and homologous recombination

The following G. sunshinyii mutants were constructed using the same protocol: pEB17_Alcn14-
15, pEB17_Alcn17-24, pEB17_Alcn20-23, pEB17_Alcn21-22, pEB17_Alcn14-15_17-24,
pPEB17_Alcn14-15_20-23, pEB17_Alcn14-15_21-22. Table S12 lists the donor and acceptor
strains used for the construction of each mutant. Cultures of donor strain (E. coli ST18 carrying
one of the plasmids in Table S11) were prepared in LB (50 pg/mL ALA, 50 pg/mL kanamycin).
Cultures of acceptor strain (wild type or G. sunshinyii YC6258 Alcn14-15; Table S12) were
prepared in marine broth (2 MB). The next day, 10 mL of E. coli cultures and 50 mL of G.
sunshinyii cultures were harvested in falcon tubes by centrifugation. The cells were
resuspended in 10 mL of the respective medium (LB or /2 MB), the optical density at 600 nm
(ODeoo) was measured and, after another centrifugation step, the cells were resuspended in the



respective medium to yield a suspension of ODgo = 4. Donor and acceptor strain were mixed
in three different ratios (1:9, 3:7, 1:1) to a total volume of 1 mL. After centrifugation, 800 pL of
the supernatant was discarded, the remaining volume was used to resuspend the cell mixtures.
A plate (2 MB, 50 pg/mL ALA) was separated into three segments and each of the three
different ratios were placed in a single spot in one of the segments. After one day of growth at
37 °C, half of each of the three spots was combined and the combined culture was resuspended
in 500 pL 0.9% (w/v) NaCl solution, of which 200 pL was plated onto 2 marine broth agar (MB
(5 g bacteriological peptone, 1 g yeast extract, 16.5 g instant ocean sea salt, 15 g agar), 50
png/mL kanamycin) and distributed using a cell spreader. Single colonies were isolated and
propagated to a liquid culture (2 MB, 50 pg/mL kanamycin), and the genomic integration of
the suicide plasmid was confirmed by PCR with two primer pairs (one primer binds in the
plasmid after the homology arms, facing upstream and one in the genome upstream the
integration site, facing downstream, or the other way around; eg. primers GS25&GS28 and
GS26&GS27 for G. sunshinyii YC6258 Alcn14-15, Table S10). Then, 5 mL of 2 MB without any
additives was inoculated with 100 uL of the G. sunshinyii culture and cultivated for one day at
30 °C. The next day, 200 pL of this culture was plated onto %2 MB containing 10% (w/v) sucrose.
After two days of growth at 30 °C, about 30 colonies were picked using a toothpick and first a
plate of %2 MB (50 pg/mL kanamycin) then a plate of 2 MB was inoculated for each colony.
Colonies that grew on antibiotics were considered false positives and 10 colonies that only
grew on 2 MB were propagated into liquid culture (2 MB). Genetic modification was
confirmed using primers that bind up- and downstream of the modification site (Fig. S53, Table
S10, eg. primers GS278GS28 for G. sunshinyii YC6258 Alcn14-15). PCR products were separated
by agarose gel electrophoresis, purified with a NucleoSpin Gel and PCR Clean-up kit
(Macherey-Nagel AG) and sequenced.

HPLC-HRMS analysis of G. sunshinyii mutants

The following G. sunshinyii mutants were analyzed using the same protocol: wild type,
pEB17_Alcn14-15, pEB17_Alcn17-24, pEB17_Alcn20-23, pEB17_Alcn2-122, pEB17_Alcn14-
15_17-24, pEB17_Alcn14-15_20-23, pEB17_Alcn14-15_21-22. Bacteria were cultivated in 20 mL
/2 MB supplemented with 0.25% (w/v) arabinose in 100 mL Erlenmeyer flasks. After four days
of growth at 30 °C and 180 rpm, 10 mL of the supernatant were extracted with 10 mL ethyl
acetate and the organic phase was dried. The residue was dissolved in 300 pL acetonitrile and
analyzed by HPLC-HRMS (Figure 5, Figure S55-62).

Isolation of engineered lacunalides 8, 9, 10, 11, 12, 14, 16, 18, 20, and 21

For each mutant of G. sunshinyii YC6258, a total of 6 L liquid culture (see Table S17) was grown
in batches of 300 mL MB broth with 0.25% (w/v) arabinose in 1 L Erlenmeyer flasks at 30 °C for
3 days on an orbital shaker (150 rpm). The cultures were centrifuged, and each supernatant
was extracted three times with ethyl acetate. The cell pellets were resuspended in H>O and
extracted with acetone. The ethyl acetate and acetone extract were dried and combined. The
combined crude extract was separated by RP-HPLC (Phenomenex Luna 5p C18, ¢ 20 x 250 mm,



15.0 mL/min, 260 nm) with MeCN in H,O + 0.1% formic acid as mobile phase, starting from
isocratic 5% MeCN for 5 min, gradient from 5% to 95% MeCN for 32 min, and isocratic elution
95% MeCN for 10 min to afford 40 fractions. The fractions at a retention time (tr) of 26 to 30
minutes were combined and further purified by semi preparative HPLC (Phenomenex Luna 5u
Phenyl-Hexyl, @ 10 x 250 mm, 2.0 mL/min, 260 nm) with an isocratic 37% MeCN + 0.1% formic
acid elution to afford 4.2 mg of 8, at tr 25 min. Peaks at a tr of 21 to 23 minutes were combined
and purified by semi preparative HPLC (Phenomenex Synergi 4p Hydro-RP, ¢ 10 x 250 mm, 2.0
mL/min, 260 nm) with an isocratic 40% MeCN + 0.1% formic acid elution to obtain 9,
33.4 min. Compounds 10, 11, 12, 14, 16, 18, 20, and 21 were isolated using a similar workflow,
for details see Table S17.

Structure elucidation of compound 8

Compound 8 was assigned the molecular formula CsoHg0O13 with six degrees of unsaturation
based on the deduction from the HR-MS data (m/z 899.6520 [M+H]", A 6.55 mmu; Figure S65).
'H NMR in conjunction with HSQC and "*C data (Figure S66-72) suggested three aliphatic
doublet methyls, two vinylic singlet methyls, 22 methylene groups, six protons connected to
sp? carbons, 12 methanetriyl groups connected to oxygen, and two aliphatic methanetriyl
groups. The HMBC spectrum in conjunction with '*C data revealed three quaternary carbons
accounting for all 50 carbons suggested by the molecular formula.

HMBC correlations from each of the vinylic singlet methyls to a quaternary carbon in
combination with six protons connected to sp? carbons suggested four double bonds, which
were all assigned as trans based on the high coupling constants (*Jco-c3 = 15.7 Hz, *Jc3a.c3s =
15.3 Hz) and the upfield carbon shifts of C-47 and C-49 (6 12.6 and 11.5 ppm). HMBC
correlations from two directions to a downfield quaternary carbon at & 168.9 ppm suggest a
macrolactone, accounting for all six degrees of unsaturation.

From the COSY spectrum, six spin systems were identified (Figure S68 and S72), of which
systems a/b/e and c/d were connected by HMBC correlations. The remaining three
methanetriyl groups connected to oxygen and the 12 methylene groups could not be assigned
due to overlapping signals. A high similarity of chemical shifts (Figure S71 and S79, Table S18)
suggests a very similar structure to lacunalide A (6)(57).

Structure elucidation of compound 9

Compound 9 was assigned the molecular formula Cs9HssO13 with six degrees of unsaturation
based on the deduction from the HR-MS data (m/z 885.6359 [M+H]*, A 6.13 mmu; Figure S73).
'H NMR in conjunction with HSQC and "*C data (Figure S74-78) suggested three aliphatic
doublet methyls, one vinylic singlet methyl, >20 methylene groups, seven protons connected
to sp? carbons, 12 methanetriyl groups connected to oxygen, and two aliphatic methanetriyl
groups. The HMBC spectrum in conjunction with *C data revealed two quaternary carbons
accounting for more than 45 carbons of the suggested molecular formula.



HMBC correlations from each of the vinylic singlet methyls to a quaternary carbon in
combination with six protons connected to sp? carbons suggested four double bonds, which
were all assigned as trans based on the high coupling constants (3Jco-c3 = 15.7 Hz, *Jc20-co1 =
15.5 Hz, *Jc3a.c35 = 15.2 Hz) and the upfield carbon shift of C-47 (5 12.6 ppm).HMBC correlations
from two directions to a downfield quaternary carbon at & 168.9 ppm suggest a macrolactone,
accounting for all six degrees of unsaturation.

From the COSY spectrum, five spin systems were identified (Figure S76 and S72), of which
systems a/b/d were connected by HMBC correlations. The remaining three methanetriyl
groups connected to oxygen and the >10 methylene groups could not be assigned due to
overlapping signals. A high similarity of chemical shifts (Figure S79, Table S18) suggests a very
similar structure to lacunalide A (6).

Structure elucidation of compound 10 and 11

Compounds 10 and 11 could not be separated by several rounds of HPLC purification (see
Table S17, and Figure 5). The structures were elucidated using the mixture. 10 was assigned
the molecular formula CsoHg0O12 with six degrees of unsaturation based on the deduction from
the HR-MS data (m/z 883.6490 [M+H]*, A -1.51 mmu; Figure S81). 11 was assigned the
molecular formular C49HgsO12 with six degrees of unsaturation based on the deduction from
the HR-MS data (m/z 869.6346 [M+H]*, A -0.25 mmu; Figure S81). 'TH NMR in conjunction with
HSQC and "C data of the 10 and 11 mixture (Figure S82, S83, S86) suggested for 10 three
aliphatic doublet methyls, two vinylic singlet methyls, more than 23 methylene groups, six
protons connected to sp? carbons, ten methanetriyl groups connected to oxygens (with a
normalized integral of 100% or ~80%), and two aliphatic methanetriyl group. The HMBC
spectrum in conjunction with *C data revealed three quaternary carbons accounting for all 50
carbons suggested by the molecular formula. For 11 two additional protons connected to sp?
carbons (integrals of ~20% compared to other signals), two methanetriyl groups connected to
oxygens (integrals of ~20% compared to other signals), and one aliphatic methanetriyl group
were detected.

HMBC correlations (Figure S85) from the vinylic singlet methyls to quaternary carbons in
combination with six protons connected to sp® carbons suggested four double bonds in 10
and an additional in 11, which were all assigned as trans based on the high coupling constants
(3_/(;2.(;3 = 15.7 Hz, 3Jcaaczs = 15.2 Hz, 3Jcr6-c17 = 15.5 Hz for 11) and the upfield carbon shift of
C-47 (6 12.7 ppm) and C-49 (6 11.8 ppm for 10). HMBC correlations from two directions to a
downfield quaternary carbon at & 168.9 ppm suggest a macrolactone, accounting for all six
degrees of unsaturation.

From the COSY spectrum, ten spin systems were identified (Figure S80 and S84), of which
systems a/b/c/d/g were connected by HMBC correlations. The remaining two methanetriyl
groups connected to oxygen and the ten methylene groups could not be assigned due to
overlapping signals. Despite obtaining 10 and 11 as a mixture, the C-13 to C-20 region of the



compounds could be differentiated clearly. A high similarity of chemical shifts (Figure S79,
Table S18) suggests a very similar structure to lacunalide A (6).

Structure elucidation of compound 12

Compound 12 was assigned the molecular formula CsHs2010 with six degrees of unsaturation
based on the deduction from the HR-MS data (m/z 795.5974 [M+H]", A -0.68 mmu; Figure
S$88). 'TH NMR in conjunction with HSQC and "C data (Figure S89, S90. S93) suggested three
aliphatic doublet methyls, two vinylic singlet methyl, 21 methylene groups, six protons
connected to sp? carbons, nine methanetriyl groups connected to oxygen, and two aliphatic
methanetriyl group. The HMBC spectrum in conjunction with 3C data revealed three
quaternary carbons accounting for all 46 carbons suggested by the molecular formula.

HMBC correlations from the vinylic singlet methyls to a quaternary carbons in combination
with six protons connected to sp? carbons suggested four double bonds, which were all
assigned as trans based on the high coupling constants (*Jco-c3 = 15.7 Hz, *Jc30.c31 = 15.3 Hz)
and the upfield carbon shift of C-43 (&6 12.7 ppm) and C-45 (& 12.0 ppm). HMBC correlations
from two directions to a downfield quaternary carbon at & 168.9 ppm suggest a macrolactone,
accounting for all six degrees of unsaturation.

From the COSY spectrum, seven spin systems were identified (Figure S 87 and S91), of which
systems a/b/c/f were connected by HMBC correlations. The remaining two methanetriyl
groups connected to oxygen and the 11 methylene groups could not be assigned due to
overlapping signals. A high similarity of chemical shifts (Figure S79, Table S18) suggests a very
similar structure to lacunalide A (6)

Structure elucidation of compound 14

Compound 14 was assigned the molecular formula C3sHesO7 with five degrees of unsaturation
based on the deduction from the HR-MS data (m/z 609.4716 [M+H]", A -0.88 mmu; Figure
S95). "TH NMR in conjunction with HSQC and C data (Figure S96, S97, S100) suggested two
aliphatic doublet methyls, one vinylic singlet methyl, 19 methylene groups, five protons
connected to sp? carbons, six methanetriyl groups connected to oxygen, and one aliphatic
methanetriyl group. The HMBC spectrum in conjunction with "*C data revealed two quaternary
carbons accounting for all 36 carbons suggested by the molecular formula.

HMBC correlations from the vinylic singlet methyl to a quaternary carbon in combination with
five protons connected to sp? carbons suggested three double bonds, which were all assigned
as trans based on the high coupling constants (*Jco-cs = 15.7 Hz, *Jczo-co3 = 15.3 Hz) and the
upfield carbon shift of C-35 (& 12.5 ppm). HMBC correlations from two directions to a downfield
quaternary carbon at 6 168.7 ppm suggest a macrolactone, accounting for all five degrees of
unsaturation.

From the COSY spectrum, six spin systems were identified (Figure S94 and 98), of which systems
a/b/e were connected by HMBC correlations. The remaining two methanetriyl groups



connected to oxygen and the ten methylene groups could not be assigned due to overlapping
signals. A high similarity of chemical shifts (Figure S79, Table S18) suggests a very similar
structure to lacunalide A (6).

Structure elucidation of compound 16

Compound 16 was assigned the molecular formula CsHs2011 with six degrees of unsaturation
based on the deduction from the HR-MS data (m/z 811.5905 [M+H]", A -2.49 mmu; Figure
$102). "H NMR in conjunction with HSQC and "C data (Figure S103, S104. S107) suggested
three aliphatic doublet methyls, two vinylic singlet methyl, 21 methylene groups, six protons
connected to sp? carbons, nine methanetriyl groups connected to oxygen, and two aliphatic
methanetriyl group. The HMBC spectrum in conjunction with 3C data revealed three
quaternary carbons accounting for all 46 carbons suggested by the molecular formula.

HMBC correlations from the vinylic singlet methyls to a quaternary carbons in combination
with six protons connected to sp® carbons suggested four double bonds, which were all
assigned as trans based on the high coupling constants (*Jco-c3 = 15.7 Hz, *Jc30.c31 = 15.3 Hz)
and the upfield carbon shift of C-43 (6 12.7 ppm) and C-45 (& 11.5 ppm). HMBC correlations
from two directions to a downfield quaternary carbon at 6 168.9 ppm suggest a macrolactone,
accounting for all six degrees of unsaturation.

From the COSY spectrum, seven spin systems were identified (Figure S 101 and S105), of which
systems a/b/c/d/f were connected by HMBC correlations. The remaining methanetriyl group
connected to oxygen and the nine methylene groups could not be assigned due to overlapping
signals. A high similarity of chemical shifts (Figure S79, Table S18) suggests a very similar
structure to lacunalide A (6)

Structure elucidation of compound 18

Compound 18 was assigned the molecular formula C3;Hs6Os with five degrees of unsaturation
based on the deduction from the HR-MS data (m/z 537.4141 [M+H]", A -1.41 mmu; Figure
$109). "H NMR in conjunction with HSQC and "*C data (Figure S110, S111, S114) suggested two
aliphatic doublet methyls, one vinylic singlet methyl, more than 15 methylene groups, five
protons connected to sp? carbons, six methanetriyl groups connected to oxygen, and one
aliphatic methanetriyl group. The HMBC spectrum in conjunction with "*C data revealed two
quaternary carbons accounting for 33 carbons, one more than suggested by the molecular
formula. In particular, the NMR signals of six methanetriyl groups connected to oxygens and
one carboxylate ester account for a total of seven oxygens. For the observed mass, the closest
molecular formular containing seven oxygens and a similar degree of unsaturation (which is
based on the partially assigned structure a conclusive assumption; see below) is C31Hs>O7 (m/z
537.4141 [M+H]*, A 34.97 mmu), and hence highly improbable. The six NMR-detectable
methanetriyl groups connected to oxygens might arise from isomers that were not resolvable
or from an impurity.



HMBC correlations from the vinylic singlet methyl to a quaternary carbon in combination with
five protons connected to sp? carbons suggested three double bonds, which were all assigned
as trans based on the high coupling constants (3Jco-c3 = 15.7 Hz, 3Jcis-cio = 15.2 Hz) and the
upfield carbon shift of C-31 (6 12.3 ppm). HMBC correlations from two directions to a downfield
quaternary carbon at & 168.7 ppm suggest a macrolactone, accounting for all five degrees of
unsaturation.

From the COSY spectrum, six spin systems were identified (Figure S108 and S112), of which
systems a/b/e were connected by HMBC correlations. The remaining methanetriyl group
connected to oxygen and the eight methylene groups could not be assigned due to
overlapping signals. A high similarity of chemical shifts (Figure S79, Table S18) suggests a very
similar structure to lacunalide A (6).

Structure elucidation of compound 20 and 21

Compounds 20 and 21 could not be separated by several rounds of HPLC purification (see
Table S17, and Figure 5). The structures were elucidated using the mixture. 20 was assigned
the molecular formula C42H7409 with six degrees of unsaturation based on the deduction from
the HR-MS data (m/z 723.5389 [M+H]*, A -1.66 mmu; Figure S116). 21 was assigned the
molecular formular C41H7209 with six degrees of unsaturation based on the deduction from the
HR-MS data (m/z 709.5236 [M+H]*, A -1.31 mmu; Figure S116). 'H NMR in conjunction with
HSQC and "*C data of the 20 and 21 mixture (Figure S117, S118, S121) suggested for 20 three
aliphatic doublet methyls, two vinylic singlet methyls, more than 18 methylene groups, six
protons connected to sp?® carbons, eight methanetriyl groups connected to oxygens (with a
normalized integral of 100% or ~70%), and two aliphatic methanetriyl group. The HMBC
spectrum in conjunction with *C data revealed three quaternary carbons accounting for all 42
carbons suggested by the molecular formula. For 21 two additional protons connected to sp?
carbons (integrals of ~30% compared to other signals), two methanetriyl groups connected to
oxygens (integrals of ~30% compared to other signals), and one aliphatic methanetriyl group
were detected.

HMBC correlations (Figure S120) from the vinylic singlet methyls to quaternary carbons in
combination with six protons connected to sp® carbons suggested four double bonds in 20
and an additional in 21, which were all assigned as trans based on the high coupling constants
(3_/(;2.(;3 = 15.7 Hz, 3—’C26-C27 = 15.2 Hz, 3](;12{13 = 15.5 Hz for 21) and the upfield carbon shift of
C-39 (6 12.6 ppm) and C-41 (5 11.6 ppm for 20). HMBC correlations from two directions to a
downfield quaternary carbon at & 169.0 ppm suggest a macrolactone, accounting for all six
degrees of unsaturation.

From the COSY spectrum, seven spin systems were identified (Figure S115 and S119), of which
systems a/b/c/e were connected by HMBC correlations. The remaining methanetriyl group
connected to oxygen and the nine methylene groups could not be assigned due to overlapping
signals. Despite obtaining 20 and 21 as a mixture, the C-9 to C-15 region of the compounds



could be differentiated clearly. A high similarity of chemical shifts (Figure S79, Table S18)
suggests a very similar structure to lacunalide A (6).

Bioactivity tests of isolated compounds (8, 9, 10+11, 12, 14, 16, 18, 20+21) against Hela
cells

Hela cells purchased from ATCC were cultivated at 37 °C, 5% (v/v) CO; for 3-4 days. Cells were
washed with PBS buffer (Sigma D8537), 0.05 % trypsin-EDTA solution (Thermo 25300-054) was
added and the plate was incubated for 5 min at 37 °C. The cells were resuspended in 5 mL
medium (DMEM-GlutaMAX) supplemented with 10% FCS (Eurobio CVFSVF00-01), and 50
pg/mL penicillin-streptomycin (Corning). After counting the cells under a ZEISS Axiovert 25
microscope using a Neubauer hemocytometer a 10,000 cells/mL suspension was prepared and
200 uL were transferred into each well of three 96-well plates. After one day of cultivation, 2 uL
of compounds (8, 9, 10+11, 12, 14, 16, 18, 20+21 at a concentration of 10 mM), DMSO as a
negative control and doxorubicin (1 mg/mL) were added to row B of the plate. 50 pL media of
row A was added and a 5-fold serial dilution was performed to row G. After three days of
cultivation, 50 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, 1
mg/mL in sterile H.0) were added and the cells incubated for 3 h at 37 °C. The supernatant
was discarded and then 150 uL of DMSO were added to the wells. The absorbance at 570 nm
was measured on a spectraMAXplus spectrometer (Molecular Devices LLC). Results are shown
in Figure S122.

Bioinformatic procedures
Sequence alignments of KS sequences

Amino acid sequences of 821 KS with and without downstream adapter regions were extracted
from an in-house database of 88 annotated trans-AT PKS clusters. As an outgroup, KS3 and
KS5 from the erythromycin cis-AT PKS were used. The sequences were aligned using the
MUSCLE algorithm with default settings (53) and a phylogenetic tree was computed with
FastTree (version 2.1.10 +SSE3 +OpenMP, 16 threads, default settings) (64). A sequence logo
was created using WebLogo (65).

Computational details on the statistical coupling analysis

The sequences of BGCs annotated as trans-AT PKS in the antiSMASH database(37) and an in-
house database of trans-AT PKS assembly lines (Table S1) were used in the statistical analysis.
2239 trans-AT PKS BGC deposited in the antiSMASH database and an in-house database were
extracted. A list of accession numbers of the genomes containing the BGCs obtaining from the
antiSMASH database are enclosed in the data repository. An overview of the number of domain
motifs is provided in Figure S10. Extraction of the tridomain sequences yielded 1194 amino
acid sequences extracted from 516 clusters. From these sequences, the amino acid sequences
indicated by the antiSMASH annotation of the domains, including 100 leading and trailing
amino acids in multidomain sequences, while taking gene termini into account. To ensure that



sequences annotated with any of antiSMASH's various carrier protein annotations are included
in the sequence extractions., With this, any of the PP-binding, ACP, ACP_beta AMP_binding,
PCP and PKS_PP annotations were accepted as PP-binding target domain and these sequences
were extracted in the presence of appropriate neighboring domains. To prevent large, highly
gapped regions in MSAs of multidomain sequences, 15 amino acids following and leading
consecutive domain annotations were extracted, instead of the full sequence linking the
domains. The sequences obtained were then used to construct a multiple sequence alignment
(MSA). MSAs with Clustal-Omega (66, 67) were constructed wusing the
"-threads=5 -seqtype=Protein’ options. The MSAs were then used for statistical coupling
analysis (SCA) using Python scripts published by Rivoire et al (32). First, positions that contained
more than 80% gaps and subsequently sequences containing more than 20% gaps were
removed from the MSA, and positions that contained more than 20% gaps were filtered from
the alignment. Then, the sequences were weighed by the inverse of the total number of
sequences in the MSA with which the sequence shares more than 80% sequence identity. The
obtained filtered MSA and sequence weights were used to perform the statistical coupling
analysis. Full details of SCA algorithm can be found elsewhere (32). The final, filtered MSA
contained 1284 sequences and 970 amino acid positions. Taking sequence weights into
account (32), 428 effective sequences were used. The SCA matrices for the various domain
motifs are given below. The EPIAIl, HGTGT, NAHXVXE and TYPFxsW motifs are indicated on the
axes, indicating the N-terminus, active site, and C-terminus of the KS domain and the C-
terminus of the FSD, respectively. Since the NAHxVXE motif is not as highly conserved as many
of the other motifs, the exact sequence of the motif in the consensus sequence varies slightly
between the alignments (Figures S10-13).



Table S1 Sources for the trans-AT BGC sequences not included in the antiSMASH database.

PKS Reference MIBIG, Genbank accession
accession

9-Methylstreptimidone (68)

Albicidin BGC0001088

Alpiniamide (69, 70)

Anthracimycin (71, 72)

Apicularen ASRX01000032.1

Aquimarina sp. RZ0 PKS GCF_008370685.1

Aurantinin NZ_LYMC00000000.1

Bacillaene (B. amyloliquefaciens) BGC0001089 AJ634060.2

Bacillaene (B. subtilis) (73)

Basiliskamide BGCO0000172

Bongkrekic acid BGC0000173

Bryostatin BGC0000174

Calyculin BGC0000967

Catenulispora acidiphila DSM 44928 PKS NC_013131.1

Chivosazol BGC0001069

Chlorotonil (74)

Corallopyronin BGCO0001091

Cuniculene (20)

Cycloheximide BGC0000175

Diaphorin (75)

Difficidin BGC0000176

Disorazole BGC0001093

Dorrigocin/Migrastatin BGC0000177

Elansolid BGC0000178

Enacyloxin BGC0001094

Etnangien BGC0000179

Geotalea uraniireducens Rf4 PKS NC_009483.1

Gladiofungin BGC0002083

Griseoviridin BGC0000459

Gynuellalide BGC0001835

Inthomycin BGC0002451

Janustatin BGC0002136

Kalimantacin BGC0001099

Kirromycin BGC0001070

Labrenzin BGC0002068

Lactimidomycin BGC0000083

Lacunalide BGC0001644

Lagriamide BGC0001646

Lankacidin BGC0001100

Legioliulin BGC0000180

Leinamycin BGC0001101

Leptolyngbyalide BGC0001837




Table S1 continued.

Lobatamide
Luminaolide
Macrobrevin
Macrolactin
Malleilactone
Misakinolide
Mupirocin
Mycalamide
Mycale hentscheli PKS4
Myxopyronin
Myxovirescin
Necroxime
NOCAP
Nosperin
Onnamide
Oocydin
Oxazolomycin
Pateamide
Patellazole
Azospirillum sp. B4 PKS
Pederin
Peluroside
Phormidolide
Phthoxazolin
Pristinamycin
Psymberin
Pulvomycin
Pyxipyrrolone
Rhizopodin
Rhizoxins
Ripostatin
SIA7248
Scytophycin
Sorangicin
Spliceostatin
Swinholide
Tartrolon
Thailandamide
Thailanstatin
Thiomarinol
Bacillus thuringiensis IEBC_T61001 PKS
Toblerol
Tolytoxin
Virginiamycin
Serratia sp. 3ACOL1 PKS

(60)

(76)

(60, 77)

(78)

(22)

BGC0002046
BGC0001656
BGC0001470
BGC0000181
BGC0001102
BGC0001186
BGC0000182
BGC0002055

BGC0001091
BGC0001025
BGC0002050

BGC0001071
BGC0001032
BGC0001032
BGC0001106

BGC0001107

BGC0001108
BGC0002056
BGC0001350
BGC0001740
BGC0000952
BGC0001110
BGC0000186
BGC0001751
BGCO001111
BGC0001112
BGC0001761

BGC0001772
BGC0000184
BGC0001113
BGC0001795
BGC0001836
BGC0000186
BGC0O001114
BGC0001115

BGC0001991

BGC0001116

MN734804.1

CP006745.1

NZ_BACU01000416.1

KY765914.1

KY767986.1

KY767987.1

NZ_FMBI01000020.1

NZ_CP033055.1




Supplementary tables

Table S2 Strains used in this study

Strain

Characteristics

E. coli DH5a (Invitrogen)

F— ®80lacZAM15 A(lacZYA-argF) U169 recAT endAT hsdR17 (rK-,
MK +) phoA supE44 \— thi-1 gyrA96 relAT

E. coli BL21 Tuner™ (DE3, Novagen)

S. plymuthica 4Rx13

NCBI accession number CP006250.1, NC_021591.1

S. plymuthica 4Rx13 AoocR

A~ oocR, A+ Kan®

S. plymuthica 4Rx13 AoocQR

A 00cQ, oocR, A+ Kan®

G. sunshinyii YC6258

G. sunshinyii YC6258 AlcnBC

AlcnBC modules 14 to 15

G. sunshinyii YC6258 AlcnCDE

AlcnCDE modules 17 to 24

G. sunshinyii YC6258 AlcnCD

AlcnCD modules 20 to 23

G. sunshinyii YC6258 AlcnD

AlcnD modules 21 to 22

G. sunshinyii YC6258 AlcnBCDE

AlcnBC modules 14 to 15 and 17 to 24

G. sunshinyii YC6258 AlcnBCD

AlcnBC modules 14 to 15 and 20 to 23

G. sunshinyii YC6258 AlcnBCD

AlcnBC modules 14 to 15 and 21 to 22

B. subtilis DK1042 (55)

B. subtilis 3610 coml@2

B. subtilis DK1042 8PD10 fusion
NAHVILEE

site

A pksM (DH8)-ymzB, A+ psyD (dKS9-KS11), SpcR,
lcom/[QT2L

B. subtilis DK1042 8PD10 fusion
LPTYPFxsW

site

A~ pksM (DH8)-ymzB, A+ psyD (dKS9-KS11), SpcR,
ComIQ12L

B. subtilis DK1042 4PD10 fusion
NAHVILEE

site

A~ pksM (DH4)-ymzB, A+ psyD (dKS9-KS11), SpcR,
ComIQ12L

B. subtilis DK1042 4PD10 fusion
LPTYPFxsW

site

A~ pksM (DH4)-ymzB, A+ psyD (dKS9-KS11), SpcR,
ComIQ12L

B. subtilis DK1042 4PD11 fusion
LPTYPFxsW

site

A pksM (DH4)-ymzB, A+ psyD (dKS10-KS11), SpcR,
ComIQ12L

B. subtilis DK1042 40nnJ) fusion
NAHVILEE

site

A~ pksM (DH4)-ymzB, A+ onnJ (dKS9), SpcR,
ComIQ12L




Table S3 Primers used for construction of Golden Gate donor and acceptor plasmids for the
Bacillus mutants. Lowercase letters indicate overhangs resulting from restriction enzyme

digestion.

Primer name Primer sequence Template Resulting
construct

Gent_Dralll Fw IATCACACCGTGTTAGGTGGCGGTAC TREX vector|pFus_A/Gm

Gent DralllRv  |ATCACGTAGTGTAGGGATAACAGGGTAA pIC20H-RL (58)

GG_Spe*2 Fw t tACTAGTTAACCATCGTGACGCGGC PGEM_GG_Spc*

GG_Spe2 Rv at CCTGCAGGCTAATTGAGAGAAGTTTC pIC333 (79)

o 2Fus Fw ;gié;égiAGGAGGAACTACTATGGAGAAAAAAA E?ﬁ:g; 84 (NewlpTopo_Cm#

GG_Cm™2.2 Rv TGGTCTCATACGTTACGCCCCGCCC BiogLabs)

Phspac Fw AGTTTAAACTACACAGCCCAGTCCAGACT pTopo_GG_pHCm*

pHspacFus Rv

TCCAGTGATTTTTTTCTCCATAGTAGTTCCTCCT
TATGTAAG

pPMF37/pDGICZ
(80)

Kan®7 Fw AGGTCTCACTATACTAGTCTGCGCTAGCATG SCOLADUELT R
an7 R AGGTCTCAGAGT (Novagen) pGEM_Kan

an“/ Rv TTAGAAAAACTCATCGAGCATCAAATG 9

B e SOt 3610 g
GGymzBERv |, gDNA (DSMZ) —R Y

PsyD10 (1) Fw

atatatACTAGTGCGCCTCCGGA

PsyD10 (2) Rv

tGTTTAAACTAACAACAGATGTTGACGC

pPSCG2 (80)

pGEM_PsyD10

PsyD11 (1) Fw

atatatACTAGTCACCGGTCGAGCA

PsyD11 (2) Rv

tGTTTAAACGCTCTATCTTTGGCCA

PPSCG2 (80)

pTopo_PsyD11

pTOPO_pksL_KS4_
up Fw

AGGTCTCACTATGAAGAAGCATCAGCAG

B. subtilis 3610

pTOPO_pksL_KS4_
up Rv

TGGTCTCTagcTTCCTCAAGGATAATATGTG

gDNA (DSMZ)

pTOPO_pksL_KS4_
up

pTOPO_pksL_KS5_
down Fw

AGGTCTCAAgctTATGCTCCGGAACC

B. subtilis 3610

pTOPO_pksL_KS5_
down Rv

TGGTCTCTGAGTACTCGTGTGCTAAGTA

gDNA (DSMZ)

pTOPO_pksL_KS5_
down

pTOPO_pksM_up
Fw

IAGGTCTCACGTAAAGAGAGGAGTGGGA

B. subtilis 3610

pTOPO_pksM_up
Rv

TGGTCTCTCGCCTTAATTAACGCAAATACATT

gDNA (DSMZ)

pTOPO_pksM_up

pksLKS5down_d
Fw

IAGGTCTCACGTATATGCTCCGGAACCTGTGG

B. subtilis 3610,

pksLKS5down_d Rv

TGGTCTCTCGCCTTAATTAAACTCGTGTGCTAAG
TA

gDNA (DSMZ)

pTOPO_pksL_KS5_
down2

pTOPO_pksL_dow
n1 Fw

atatatACTAGTTATGCTCCGGAACCTGTGGA

B. subtilis 3610

pTOPO_pksL_dow
n1 Rv

tGTTTAAACTGATGCTTGCTTGCACGTCC

gDNA (DSMZ)

pTOPO_pksL_down
1

pTOPO_pksL_dow

atatatACTAGTCATGTGTGAGCTCCTTCGG

n2 Fw

B. subtilis 3610

gDNA (DSMZ)

pTOPO_pksL_down
2




Table S3 continued.

ETOPO‘kaL‘downZtGTTTAAACCCCACTCCTCTCTTATTTGAAAGT

\"

pksL Fw IAGGTCTCACTATATATAGGAGGCCG B.  subtilis

pksL Rv TGGTCTCTGAGTTTATTTGAAAGTTTTCC 3610 gDNAPTOPO_GG_pksL_hom
(DSMZ)

pksM Fw AGGTCTCACGTAAGAGAGGAGTGG B.  subtilis

pksM Rv TGGTCTCTCGCCCGCAAATACATT ?g;&g;)NApTOPO—GGJ’kSM—hom

Table S4 Golden Gate assemblies in Bacillus hybrids.

Construct Part Template plasmid
backbone pFus_A/Spc
upstream genome homology [PGEM_GG_pksMKS8

PRB8OJT1 first gene fragment pPGEM_GG_onnJKS11
resistance cassette pTopo_GG_pHCmR
downstream genome
homology pJET_GG_ymzB

Construct Part Template plasmid
backbone pFus_A/Spc
spacer PGEM_GG_KanR

pFusA/S/C_KanR

resistance cassette

pTopo_GG_pHCmR

downstream genome
homology

pJET_GG_ymzB

Construct Part Template plasmid
backbone pFus_A/Gm
spacer PGEM_GG_KanR

pFusA/G/S_KanR

resistance cassette

PGEM_GG_SpcR

downstream genome
homology

pJET_GG_ymzB

Table S5 Overview of restriction digests performed to obtain pks-psy and pks-onn chimeric

constructs from subcloned plasmids.

Construct Acceptor plasmid Donor plasmid
pFusA_PD9(1) pFusA/G/S_KanR pGEM_psyD9(1)
pFusA_PD9(2) pFusA/S/C_Kan® pGEM_psyD9(1)
pFusA_PD10 pFusA/G/S_KanR pGEM_psyD10
pFusA PD11 pFusA/S/C_Kan® GEM _psyD11

Fus_A/G/C_psyD11

pFus_A/S/C_KanR

pTopo_psyD11




pFus_A/G/S_onnlJI pFusA/G/S_KanR pTopo_onnlJi
pFus_A/S/C_onnJll pFus_A/S/C_Kan® pTopo_onnJll
pFus_A/G/S_onnlll| pFusA/G/S_KanR pTopo_onnlJlll
pFus_A/S/C_onnJIV pFus_A/S/C_Kan® pTopo_onnJIV
Table S6 Overview of primers used in Gibson assemblies of pks-psy chimeric PKSs.
Construct Part Template Primer sequence
BAD/Myc. [CTARATGCTTGATGAACAAGTGATCTCAATAGCGCCGTCGACCATCA
PBAD ﬁ. Y e
IS CTTTGGCGTATAGCCCGCATCCATGGTTAATTCCTCCTGTTAGCC
upstream [, GGCTAACAGGAGGAATTAACCATGGATGCGGGCTATACGCCAAAG
. subttlis
BAD- genome 1hk1042 TTCCAAAACGGGAATCCAATAACGCACCCTCTCAAATGGG
p homology
APD11 pPSCG2  |AGGGTGCGTTATTGGATTCCCGTTTTGGAAGAGAAGGCGG
psyDowacee | g, GCGTCACGATGGTTAGCTCTATCTTTGGCCAGGCCATAAC
Gibson spcR GGCCAAAGATAGAGCTAACCATCGTGACGCGGCATTCTAG
cloning resistance  [pIC333 ATCCAGCACAGCTGACTAATTGAGAGAAGTTTCTATAGAATTTTTCA
cassette TATACTTAACGAG
downstream bl ACTTCTCTCAATTAGTCAGCTGTGCTGGATATCAATTGTATATAC
genome g;roilzls GATGATGGTCGACGGCGCTATTGAGATCACTTGTTCATCAAGCATTT
homology AC
Construct Part Template Primer sequence
pBAD- pBAD- AGCACCGGTCGAGCAATTCCCGTTTTGGAAGAGAAGGCGG
APD10- backbone [, GCCTTCCGGAGGCGCTTCCTCAAGGATAATATGTGCGTTTGAAC
NAHVILEE ATTATCCTTGAGGAAGCGCCTCCGGAAGGCGTCAAGGCAC
5 pPSCG2
Gibson psyLacesn 50y TTCCAAAACGGGAATTGCTCGACCGGTGCTTCCCCCAGAATG
cloning
Construct Part Template Primer sequence
PBAD- PBAD- AGCACCGGTCGAGCAATTCCCGTTTTGGAAGAGAAGGCGG
4APD10- backbone | ;-] AATGAGCTCGGTAATCCAATAACGCACCCTCTCAAATGGG
LPTYPFxsW AGGGTGCGTTATTGGATTACCGAGCTCATTCCCTCGGGCATG
5 pPSCG2
Gibson poyEaceasi5g TTCCAAAACGGGAATTGCTCGACCGGTGCTTCCCCCAGAA
cloning
Construct Part Template Primer sequence
PBAD- BAD- CTTATTTTGGAAGAAGCGCCTCCGGAAGGCGTCAAGGCAC
8PD10- backbone me ] AGCAATTGTCTCTGGCATGGTTAATTCCTCCTGTTAGCCCAAAAAAC
NAHVILEE CE6
GAGGAATTAACCATGCCAGAGACAATTGCTTCACCGCAGG
_ 5 pPSCG2
Gibson  PayFucesn 5y GCCTTCCGGAGGCGCTTCTTCCAAAATAAGATGCGCATTTGATC
cloning
Construct Part Template Primer sequence
PBAD- BAD- AGGGAGCGCTACTGGATTACCGAGCTCATTCCCTCGGGCATG
8PD10- backbone ZPD1 ] AGCAATTGTCTCTGGCATGGTTAATTCCTCCTGTTAGCCCAAAAAAC
LPTYPPxW GAGGAATTAACCATGCCAGAGACAATTGCTTCACCGCAGG
Gibson svD pPSCG2
cloning psyLacesi 1 5qy AATGAGCTCGGTAATCCAGTAGCGCTCCCTTGCAAACGGATAG




Table S7 Screening primers for verification of genomic integration in Bacillus subtilis mutants
encoding chimeric pks PKSs.

Screening primer name  Primer sequence Primer binding

CP Cat2.2 Fw CGTGGCCAATATGGACAACTTC Inside Cm*® marker

CP2_Spc Fw AAGTGGGAAGGACTATATTCAAAGG Inside SpcR marker

CP all Bs Rv CATCCCGATGGACAAACTTGG Downstream of ,ymzB"-DGH
PKS_L/M Check Rv AACAGCAGTGTCGGAGCAAG Downstream of ,pksM“-DGH

Table S8 Primers used for the construction of the S. plymuthica 4Rx13 deletion strains.

Name Sequence

KO SOD ¢22970 rAACTCGTAAGCTCAGCCTTGGCGAGAAACGGCGTATAAGCGGCGCCTTCCTAATACGACTC
ov - - " [ACTATAGGGCTC

KO SOD ¢22970 f[GAGGACGCCTGTTATTTGCCACAACAGCTAAGCGAAGCCAGCGTCGATGTAAT

" - N "~ ITAACCCTCACTAAAGGGCGG

KO SOD b01030 |CCGGCAGACAAAGCCTATTACATCCTTAATGATGATCGGGCTTCGACGGAAAT

fwd_ N " |raACCCTCACTARAGGGCGG

Table S9 Overview of primers used to construct S. plymuthica 4Rx13 mutants

Construct Part Template Primer sequence
pBAD- pBAD pBAD TAGCGGCTTTGGATGTTTAGAATAGCGCCGTCGACCATCATCATC
00CQRC IATCATC
TTTATCAGGTACTCGCTCATCATGGTTAATTCCTCCTGTTAGCCC
IAAAAAAC
oocQ  andS. AACAGGAGGAATTAACCATGATGAGCGAGTACCTGATAAATTCCG
00CRonon.  |plymuthica [CSSAC
I 4R 13 GCAGGTTCGGCGTTGCCGGCGATCCAGTATTGATCGGTCGCGAAC
GGATAAG
00CSacr-c S. CGACCGATCAATACTGGATCGCCGGCAACGCCGAACCTGCGCCTG
plymuthica TCGGC
4Rx13 TGATGGTCGACGGCGCTATTCTAAACATCCAAAGCCGCTACCTCC
TCCGGCGATAAACGATCGATC
Construct Part Template Primer sequence
pBAD- pBAD- pBAD- CGATCAATACTGGATCAATAGCGCCGTCGACCATCATCATCATCA

oocQR 00CQR:wxs12  |00cQRC TC
GACGGCGCTATTGATCCAGTATTGATCGGTCGCGAACGGATAAG

Construct Part Template Primer sequence
pBAD- pBAD- pBAD- TATGGCCTGGCCAAAGATAGAATAGCGCCGTCGACCATCATCATC
00CQRYP™HWI00CQRwks12 |00CQRC ATCATC
-PsyDend GAGGGAATGAGCTCGGTAATGATCCAGTATTGATCGGTCGCGAAC
GGATAAG
psyDea  part] pPSCG2 CGACCGATCAATACTGGATCATTACCGAGCTCATTCCCTCGGGCA
TCTCGTAAATCGGGGCGGACCAGCGGCTTCGCACGACCAGGCCAC
IAGGAC
psyDes parf pPSCG2  [CTGGTCGTGCGAAGCCGCTGGTCCGCCCCGATTTACGAGAGCCGE

TGATGGTCGACGGCGCTATTCTATCTTTGGCCAGGCCATAACAAA
CGAATGATCTCATG




Table S9 continued.

Construct Part Template Primer sequence
pBAD- psyD-pBAD- [pBAD- TTTTGAAGCAACGGTTTTGGATTACCGAGCTCATTCCCTCGGGCA
00CQRM1E |00CQRu 512 [00cQRETPswW[LCCCCCATCACCCCE
TTGACGCCTTCCGGAGGCGCTTCCTCCAGCACGATATGTGCATTG
-PsyDend -PsyDend
y y GCGCCGCCAAAGCCG
psyDysio FSD |pPSCG2  [CACATATCGTGCTGGAGGAAGCGCCTCCGGAAGGCGTCAAGGCAC
@1 CCGGGGATGAGATGG
GAGGGAATGAGCTCGGTAATCCAAAACCGTTGCTTCAAAAATGGG
TAGGTAGGAAGTGTCAACGTTCGCCTGACTTG
Construct Part Template Primer sequence
pBAD- 00CSacrc-  |pBAD- TTGCCAAAAAACGTTGCTGGGCCGGCAACGCCGAACCTGCGCCTG
00cQR- DBAD- 0cQRC TCGGCAAATCATCGG
Lbm12- bocOR GTATGGACCGCATCATTGAGGATCCAGTATTGATCGGTCGCGAAC
e GGATAAGTCGGCAGGCTGATGC
00CSacrc IbmDacrxsio |G. sunshinyiiCGACCGATCAATACTGGATCCTCAATGATGCGGTCCATACCGATG
YC6258 CGTCTGTGGTGCCGG
GCAGGTTCGGCGTTGCCGGCCCAGCAACGTTTTTTGGCAAACGCA
TAGGTCGGCAGTGGC
Construct |Part Template [Primer sequence
pBAD- [bMDace 12~ |pBAD- TCCGTTTGCACCAGAGCGGCATTGGCTCAATGATGCGGTCCATAC
00CQRMAVILEE 100 Sacp-c- 0ocQR- CGATG
_Lbm12- BAD- Lbm12-C GTCCGGCCCGAACGCATCTTCAACATACTCCAGCACGATATGTGC
P ATTGGCG
OOCSACP-C OOCQRto—KS12
(bmDysir G. sunshinyii|CGCCAATGCACATATCGTGCTGGAGTATGTTGAAGATGCGTTCGG
FSD vC6258  [CCCGGAC
CATCGGTATGGACCGCATCATTGAGCCAATGCCGCTCTGGTGCAA
IACGGA
Construct [Part Template [Primer sequence
pBAD- [bMDace xs1- [pBAD- TCCGTTTGACGCGCGTTTATGCTGGGCCGGCAACGCCGAACCTGC
00cQR- 00CSace-c- 00cQR- G
Lbrm1 2 [sBAD- Lbm12-C  |[CCCCGTTTGAATCAGGCTCGGCGACCTCGGCCACGATCACATGTA
P CATTC
--00CSacrc  [00CQR0«s12
IbmDesis G. sunshinyii| GAATGTACATGTGATCGTGGCCGAGGTCGCCGAGCCTGATTCAAA
FSD VC6258  [CCCCC
CGCAGGTTCGGCGTTGCCGGCCCAGCATAAACGCGCGTCAAACGG
A
Construct [Part Template [Primer sequence
pBAD- [bMDace xs1- [pBAD- TCCGTTTGACGCGCGTTTATGCTGGGCCGGCAACGCCGAACCTGC
00CQRMMIE |00cS,cr.c- |oocQRWHEe [C
_ pBAD- _Lbm12-C CCCCGTTTGAATCAGGCTCGGCGACCTCGGCCACGATCACATGTA
CATTC
Lbm12MHVIEE 100CQRio k512
-00CSacrc  |bMDisiz G. sunshinyii| GAATGTACATGTGATCGTGGCCGAGGTCGCCGAGCCTGATTCAAA
FSD YC6258  [SGECG
CGCAGGTTCGGCGTTGCCGGCCCAGCATAAACGCGCGTCAAACGG
A




Table S9 continued.

Construct [Part Template [Primer sequence
pBAD- 00CSacrc-  |pBAD- TTGCACCAGAGCGGCATTGGGCCGGCAACGCCGAACCTGCGCCTG
0ocQR-  |pBAD- 00cQRC ~ [LCGGCAAATC
Lbm11- bocOR TCCAGCGTCATCCCGCCCTGGATCCAGTATTGATCGGTCGCGAAC
e GGATAAGTCGGCAGGC
00CSacec IbmDacr s |G. sunshinyiilCGACCGATCAATACTGGATCCAGGGCGGGATGACGCTGGATGATA
VC6258 CCACCAGGAC
GCAGGTTCGGCGTTGCCGGCCCAATGCCGCTCTGGTGCAAACGGA
TACGTGGGTAAAC
Construct Part Template Primer sequence
pBAD- 00CSacp-c- pBAD- TCGCAAGAGATCGCTATTGGGCCGGCAACGCCGAACCTGCGCCTG
0ocQR-  |pBAD- oocQRC ~ [LCGCCAAATC
Pks5- bocOR GCATCAATTTGCATGCCCCCGATCCAGTATTGATCGGTCGCGAAC
e GGATAAGTCGGCAGGC
00CSacrc pksLacrxss  |B. subtilis ~ |[CGACCGATCAATACTGGATCGGGGGCATGCAAATTGATGCGGAAA
DK1042 CTGCAAGGAT
GCAGGTTCGGCGTTGCCGGCCCAATAGCGATCTCTTGCGAAAGGA
TAGGCAGGTAAAC
Construct Part Template Primer sequence
pBAD- 00CSacoc-  |pBAD- GCCGGCAACGCCGAACCT
00CQR- OBAD- 00CQRC ~ [GATCCAGTATTGATCGGTCGCGAACG
Tar10- OOCQRm-Ksu
00CSacrc  [tarEacrxss  |G. sunshinyii|TATCCGTTCGCGACCGATCAATACTGGATCCCCGATGACGGTGCG
Y6258  [SCC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCAGTAACGTTCACC
IACCAAACGGC
Construct Part Template Primer sequence
pBAD- 00CSicrc-  [pBAD- GCCGGCAACGCCGAACCT
00cQR- pBAD- 00cQRC GATCCAGTATTGATCGGTCGCGAACG
Tar13- OOCQR(O-KS12
00CSacrc  [tarFacsxsis  |G. sunshinyii|TATCCGTTCGCGACCGATCAATACTGGATCTTAACGCCGGAAACG
vC6258  [TCTC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCAATAGGATTTCTC
CTCAAACG
Construct Part Template Primer sequence
pBAD- 00CSacrc-  |pBAD- CCCATGAACGTTACTGGATCGCCGGCAACGCCGAACCTGCGCCTG
00cQR- pBAD- 00cQRC TCGGC
Gvn13- bocOR GCCGGCGACGACTGCATGCCGATCCAGTATTGATCGGTCGCGAAC
y w2 GGATAAG
00CSacrc IcnBacrsis  |G. sunshinyii| CGACCGATCAATACTGGATCGGCATGCAGTCGTCGCCGGCAGCTA
VC6258  [SCCCG

GCAGGTTCGGCGTTGCCGGCGATCCAGTAACGTTCATGGGAAAAC

GGATATACCGGCAGTTCCAG




Table S9 continued.

Construct Part Template Primer sequence
pBAD- 00CSicrc-  |pBAD- GCCGGCAACGCCGAACCT
00cQR-  |pBAD- 00CQRC  [GATCCAGTATTGATCGGTCGCGAACG
Lcn24- 00CQRoks12
00CSacrc  |ICNExce acexsas |G. sunshinyii|TATCCGTTCGCGACCGATCAATACTGGATCATGACTCACAACACT
VC6258 IATGTTATTC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCAGTAACGCTCATG
IAGC
Construct Part Template Primer sequence
pBAD- 00CSacrc-  |pBAD- GCCGGCAACGCCGAACCT
00cQR-  |pBAD- 00CQRC  [GATCCAGTATTGATCGGTCGCGAACG
Lcnt- 00CQRoks12
00CSacrc  |lcnAcs: G. sunshinyii|TATCCGTTCGCGACCGATCAATACTGGATCATGACTCACAACACT
VC6258 ATGTTATTC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCAGTAACGCTCATG
IAGC
Construct Part Template Primer sequence
pBAD- 00CSacrc-  |pBAD- GCCGGCAACGCCGAACCT
00CQR- OBAD- 00CQRC  [GATCCAGTATTGATCGGTCGCGAACG
Tar11- OOCQRto—KS12
00CSacrc  [tarFacexsii  |G. sunshinyii|TATCCGTTCGCGACCGATCAATACTGGATCATGAACCGCTCAGAA
vC6258  [CAC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCACAGTTTAAGCCG
GGC
Construct Part Template Primer sequence
pBAD- 00CSacoc-  |pBAD- GCCGGCAACGCCGAACCT
00cQR- pBAD_ 00cQRC GATCCAGTATTGATCGGTCGCGAACG
Gyn3- 00CQR:os12
00CSacrc  |gynDieacoxss |G. sunshinyii|TATCCGTTCGCGACCGATCAATACTGGATCCTGGATGGGAAACTG
VC6258  [SCCTC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCAGAAACGCTGCCG
GGC
Construct Part Template Primer sequence
pBAD- 00CSicrc-  |pBAD- CGTGATCCGTACTGGGCCGGCAACGCCGAACCTGCGCCTG
00CcQR- pBAD 00cQRC CAGGTACTCGCTCATCATGGTTAATTCCTCCTGTTAGCCCARAAAA
Len6- IACGGGTATGGAGAAAC
S oocQ  andS. GAGGAATTAACCATGATGAGCGAGTACCTGATAAATTCCG
COCC | ocRuomon.  plymuthica |CGTGGTATCCGGGGCGATCCAGTATTGATCGGTCGCGAAC
ACP-KS12 MRx13
Construct Part Template Primer sequence
pBAD- 00CSach-c- pBAD- TTGCACCAGAGCGGCATTGGGCCGGCAACGCCGAACCTGCGCCTG
00cQR- pBAD- 00cQRC TCGGCAAATC
Lbm 119 |oocOR TCAACACTGACGGCATCGCGGATCCAGTATTGATCGGTCGCGAAC
e e GGATAAGTCGGCAGGC
lbmDos s acr- |G. sunshinyiil CGACCGATCAATACTGGATCCGCGATGCCGTCAGTGTTGATCAGA
OOCSACP'C ks11 YC6258 CATCTTCTCC
GCAGGTTCGGCGTTGCCGGCCCAATGCCGCTCTGGTGCAAACGGA
TACGTGGGTAAAC




Table S9 continued.

Construct Part Template Primer sequence
pBAD- 00CSach.c- pBAD- TCGCAAGAGATCGCTATTGGGCCGGCAACGCCGAACCTGCGCCTG
00CQR-  |pBAD-  foocQRC ~ [LCGCCAAATC
Ps5oRA%  |oocOR TTTTTCTCCGCTTTCGGCACGATCCAGTATTGATCGGTCGCGAAC
B e GGATAAGTCGGCAGGC
-00CSacr-c pksLoweacr. |B. subtilis  |CGACCGATCAATACTGGATCGTGCCGAAAGCGGAGARAAAGACTG
s DK1042 ATCGTTCAAA
GCAGGTTCGGCGTTGCCGGCCCAATAGCGATCTCTTGCGAAAGGA
TAGGCAGGTAAAC
Construct Part Template Primer sequence
pBAD- 00CSacec- pBAD- CGTGATCCGTACTGGGCCGGCAACGCCGAACCTGCGCCTG
00CQR- pBAD- 00cQRC CAGGTACTCGCTCATCATGGTTAATTCCTCCTGTTAGCCCAAAAA
Lbm9 00COR ACGGGTATGGAGAAAC
- to-KS12
00CSacrc  |lbMDacoxsio  |G. sunshinyii| TATCCGTTCGCGACCGATCAATACTGGATCATGARAAAARACAAT
VC6258 IACCAGCCTTC
GCCGACAGGCGCAGGTTCGGCGTTGCCGGCCCAATAATGCTCCCG
GGC
Construct Part Template Primer sequence
pBAD- Lbmisrorso-  [pBAD- TGACGAGACAAAACCCGACATCCCGCGTTC
00cQ- 00CSacec-  |00cQR- ACAGGATTAGCAGAGCGAGGTATGTAGGCG
00CRkso-on-ace=|PBADor Lbm12-C
Lbmisizrso- | PBADwai  [PBAD- CCTCGCTCTGCTAATCCTGTTACCAGTGGCTGC
00CSacpc 0ocQ- 00cQR- TGTCGGGTTTTGTCTCGTCATGGCGCCTC
00CRkso-pr-ace [Lbm12-C
Construct Part Template Primer sequence
pBAD- Lbmisiarso-  [PBAD- TGATCGTGGCCGAGGCACCTGAACGTGTCGGTTCGAATCA
0ocQ- 00CSacrc-  [00CQR- TATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACA
00CRKso-oH-AcP- pBADori Lbm12-
LbmMgs11-¢sp-ace- 00CShcr-c
s12-rsD- PBAD:w or pBAD- GGTTGGACTCAAGACGATAGTTACCGGATAAGG
00CSace-c 00cQ- 0ocQR- AGACTGGCACTATCCGCTGTCTCGTCATGG
00CRkso-pr-ace [LbM12-
00CSacr-c
IbmDisirace- |G. sunshinyiiPCAGCGGATAGTGCCAGTCTGGTGGATAC
ks12 YC6258 TTCAGGTGCCTCGGCCACGATCA




Table S10 Primers used in to create G. sunshinyii mutants producing truncated lacunalides.

Construct

Template

Part

ID

Sequence

pEB17_
Alcn14-15

pEB17

Alcn14-15
backbone
forward

GSO1

AAGGTGAACTGAATTCCCATGTCAGCCG

Alcn14-15
backbone
reverse

GS02

TCGGGTGCCTAGGTCGACTCTAGAGGATC

G.
sunshinyii

Alen14-15
homology arm
1 forward

GSO03

GAGTCGACCTAGGCACCCGAAACCCATAC

Alcn14-15
homology arm
1 reverse

GS04

GATGATCGGTGATCCAGTAACGTTCATGGGAA
AAC

G.
sunshinyii

Alcn14-15
homology arm
2 forward

GS05

TTACTGGATCACCGATCATCTGCCGACG

Alen14-15
homology arm
2 reverse

GS06

ATGGGAATTCAGTTCACCTTCACCGTGAG

Table S11 continued.

Construct

Template

Part

ID

Sequence

pEB17_
Alcn17-24

pEB17

Alcn17-24
backbone
forward

GS07

TTTATCAGGCGAATTCCCATGTCAGCCG

Alcn17-24
backbone
reverse

GS08

TGCGGACGATAGGTCGACTCTAGAGGATC

G.
sunshinyii

Alcn17-24
homology arm
1 forward

GS09

GAGTCGACCTATCGTCCGCAGGCACTATTC

Alen17-24
homology arm
1 reverse

GS10

AATGATCCGGCCAGAAGCTGTCACGGGC

G.
sunshinyii

Alcn17-24
homology arm
2 forward

GS11

CAGCTTCTGGCCGGATCATTCAGAGACG

Alen17-24
homology arm
2 reverse

GS12

ATGGGAATTCGCCTGATAAACGTCATAAC




Table S10 continued.

Construct Template

Part

ID

Sequence

pEB17

Alcn20-23
backbone
forward

GS13

CCGATCTGTAGAATTCCCATGTCAGCCG

Alcn20-23
backbone
reverse

GS14

TGCAACACGAAGGTCGACTCTAGAGGATC

G.
sunshinyii
pEB17_
Alcn20-23

Alcn20-23
homology arm
1 forward

GS15

GAGTCGACCTTCGTGTTGCAGGAATACC

Alcn20-23
homology arm
1 reverse

GS16

TGAGGGGCAACCAGTAAGTTTCCCGCGC

G.
sunshinyii

Alcn20-23
homology arm
2 forward

GS17

AACTTACTGGTTGCCCCTCAAGGCATCG

Alcn20-23
homology arm
2 reverse

GS18

ATGGGAATTCTACAGATCGGTACTGCTGACC

Construct Template

Part

ID

Sequence

pEB17

Alcn21-22
backbone
forward

GS19

GCACGCTGCAGAATTCCCATGTCAGCCG

Alcn20-23
backbone
reverse

GS20

CTTGCCGCCGAGGTCGACTCTAGAGGATC

G.
sunshinyii
pEB17_
Alcn21-22

Alcn21-22
homology arm
1 forward

GS21

GAGTCGACCTCGGCGGCAAGGCCGGTAT

Alcn21-22
homology arm
1 reverse

GS22

TGCCGGCGCTCCAGTATTTTTCCCGCGCAAA
CGG

G.
sunshinyii

Alcn21-22
homology arm
2 forward

GS23

AAAATACTGGAGCGCCGGCAATATCGGC

Alcn21-22
homology arm
2 reverse

GS24

ATGGGAATTCTGCAGCGTGCGGCCGTTG




Table S10 continued.

Plasmid
Template verification ID Sequence
pEB17 plasmids Upstream GS25 CTAAATAATAGTGAACGGCAGGTATATG

Downstream | GS26 AGGGATGTAACGCACTGAGAAGC

G. sunshinyii mutants

Alcn14-15
(Alcn14-15, Alen14-15_17- .
GCGGCAACTGACTGCATGGC
24, Alen14-15_Alcn20-23, Seztc;:;'; GS27
Alcn14-15_Alcn21-22) P
G. sunshinyii mutants
Alcn14-15
(Alcn14-15, Alen14-15_17- .
GATTCCGGCAACTGTAGTCGTG
24, Alen14-15_Alen20-23, | 9€homic G528
downstream

Alcn14-15_Alcn21-22)

G. sunshinyii mutants | Alcn17-24

(Alen17-24, Alcn14- | genomic GS29 ATCAATGGCGTCATGCAGGAACG
15_Alcn17-24) upstream

G. sunshinyii mutants | Alcn17-24

(Alcn17-24, Alcn14- | genomic GS30 CTGCCGGCAACGTCAGTTTCG
15_Alen17-24) downstream

G. sunshinyii mutants | Alcn20-23

(Alcn20-23, Alen14- | genomic GS31 GCGACCACAGCTGTCGCAGG
15_Alcn20-23) upstream

G. sunshinyii mutants | Alcn20-23

(Alcn20-23, Alcn14- | genomic GS32 CAATCGCAAGGCGGCAACCG
15_Alcn20-23) downstream

G. sunshinyii mutants | Alcn21-22

(Alcn21-22, Alcn14- | genomic GS33 CAGCAGCGGCTCGGAGCC
15_Alcn21-22) upstream

G. sunshinyii mutants | Alcn21-22

(Alcn21-22, Alcn14- | genomic GS34 GACACCTTCATCCTGCCATTGC
15_Alcn21-22) downstream

Table S11 G. sunshinyii mutants generated in this study. A new mutant was generated by
conjugative transfer of a suicide plasmid from the donor strain to the respective acceptor

strain.

... . . . acceptor strain

G. sunshinyii mutant construct donor E. coli ST18 carrying plasmid ...
(G. sunshinyii)

Alcn14-15 pEB17_Alcn14-15 wild type
Alcn17-24 pPEB17_Alcn17-24 wild type
Alcn20-23 pEB17_Alcn20-23 wild type
Alcn21-22 pPEB17_Alcn21-22 wild type
Alcn14-15_17-24 pEB17_Alcn17-24 Alcn14-15
Alcn14-15_20-23 pEB17_Alcn20-23 Alen14-15
Alcn14-15_21-22 pEB17_Alcn21-22 Alcn14-15




Table S12 Overview of consensus retention times of the detected engineered and natural
oocydins, as extracted from the combined UHPLC-MS traces; n.d. indicates not determined.
The oocydin PKS produces various product congeners due to various degrees of hydrolysis and
reduction of the alkoxy moiety installed in the initial phases of biosynthesis (73, 77), leading to
the production of various products with R groups A-D. The putative structure of scaffold I is
based on the biosynthetic logic of oocydin biosynthesis (73, 77) and the putative structure of
scaffolds IV and V are based on the NMR-confirmed structure of 2 (11-D).

R group
o o
$—H 1&/\')& %‘/WJLO/ .17,/\[])]\
(Putative) compound scaffold A B C D
Putative Parent m/z 362.1126 470.1701 458.1701 4441545
cl
M+H* 363.1205 471.1780 459.1780 445.1624
M+NH4* 380.1470 488.2045 476.2045 462.1889
Retention
time (min) 10.28 n.d. 12.02 12.02
Compound 1
number
Parent m/z 386.1126 494.1701 482.1701 468.1545
M+H* 387.1205 495.1780 483.1780 469.1624
M+NH4* 404.1470 512.2045 500.2045 486.1889
Retention
time (min) 12.55 n.d. 16.72 14.82
Compound 2
number
Parent m/z 428.1232 536.1807 524.1807 510.1651
M+H* 429.1311 537.1886 525.1886 511.1730
M+NHas* 446.1576 554.2151 542.2151 528.1995
Retention | 12.81/9.9 n.d. 11.77/14.89 11.88
time (min) 7
Compound 3
number




Table S12 continued.

Putative Parentm/z | 430.1388  538.1963 526.1963 512.1807
M+H* 431.1467 539.2042 527.2042 513.1886
M+NH4* 448.1732 556.2308 544.2308 530.2151
Retention 10.76 n.d. n.d. 12.8
time (min)
Compound 4
number
Parent m/z 412.1553 520.1858 508.1858 494.1701
M+H* 413.1362 521.1937 509.1937 495.1780
M+NH4* 430.1627 538.2202 526.2202 512.2046
Retention 12.55 n.d. 14.59 14.59
time (min)
Compound 5
number
Parent m/z 470.1707 554.2283 566.2283 552.2126
M+H* 471.1780 555.2355 567.2355 553.2199
M+NH4* 488.2045 572.2621 584.2621 570.2464
Retention 14.1 17.25 16.01 16.01
time (min)
Oocydin Compound Oocydin A Oocydin B Oocydin C Haterumalide B

name




Design and analysis of chimeric bacillaene trans-AT PKSs in B. subtilis

In our initial attempts to engineer trans-AT PKSs, we focused on engineering the well-studied
bacillaene pks biosynthetic pathway in B. subtilis (Fig. SXA). Manual alignment of KS sequences
showed the presence of the conserved NAHVILEE motif at the C-terminus of the KS domains
(Fig. S1B). We selected the terminal domain series of the psy pathway to be introduced into the
pks assembly line. As fusion sites, we selected either the C-terminus of the 4" or 8" KS domain
of the pks pathway. This design resulted in a first set of chimeric PKSs, i. e., PksL4nanviLee-PsyD 10
and PksM8nanviee-PsyD 10, which both contain the C-terminus of PsyD from the 10" KS onward
fused directly downstream of either the PksL KS4 or the PksM KS8 KS domain. In a second
design, PksL4nanviee-PsyD11, the terminal domains downstream of the psy KS10 pathway are
fused to PksL KS4 at the NAHVILEE site. For primers used to construct these mutants, see Tables
S3-6.

HPLC-MS analysis showed only the presence of stalled intermediates up to the fusion points
in culture extracts of these mutants, e.g., the intermediate from ACP 11 for PksM8nanviLee-
PsyD10 (Figs. ST and S3). To compare levels of bacillaene derivatives and intermediates,
bacillibactin was used as an internal standard as described previously (48, 87). After elucidation
of the LPTYPFxsW motif as useful site for trans-AT PKS engineering, we additionally constructed
PksL4prvprxsw-PsyD 10 and PksM8iprverxsw-PsyD10. These chimeric assembly lines have similar
architectures as the chimeras fused at the NAHVILEE site, but are fused directly downstream of
the Pks KS LPTYPFxsW site. Although we were not able to detect ions at m/z values
corresponding to anticipated products originating from these chimeric PKSs, we note that the
intensities of the intermediates released from the ACP upstream of the engineering site is
decreased in the PksM8 rprvpexsw-PsyD10 mutant. This decrease in intensity suggests that this
assembly line might be processive and converts these intermediates into downstream
products. However, as for wild-type bacillaene, the large number of conjugated double bonds,
together with potential cyclization of the product, is likely to induce rearrangements and/or
other decomposition processes that preclude us from identifying ions at m/z values
corresponding to the product of these chimeric assembly lines.
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Figure S1 Overview of chimeric trans-AT PKSs produced by exchange of terminal domains. (A)
Relevant section of the bacillaene trans-AT PKS from B. subtilis. KS numbers are indicated in
black above the KS domains. ACP numbers are indicated in italic and gray below the assembly
line. (B) Chimeric PKSs created by fusion of either KS4 (located in PksL) or KS8 (PksM) with
terminal domains of the psymberin (psy), onnamide (onn) trans-AT PKSs. AL: acyl ligase, C:
condensation domain, A: adenylation domain, KS: ketosynthase, DH: dehydratase, ER:
enoylreductase, KR: ketoreductase, KS% non-elongating ketosynthase, MT: methyltransferase,
filled circles: carrier protein, DUF: domain of unknown function, TE: thioesterase. (C) WebLogo
representation of the conserved NAHVILEE motif downstream of the KSs.
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Figure S2 EICs for ions of various intermediates and potential chimeric trans-AT PKS products
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Figure S3 EICs for ions of various intermediates and potential chimeric trans-AT PKS products
were obtained from HPLC-MS traces of extracts of B. subtilis encoding the
PksM8nanviLee-PsyD10 chimeric PKS. The dark blue traces indicate the proton adduct and the
light blue traces indicate the sodium adduct, for which the masses are indicated in the legend
of each subplot. The maximum intensity in the respective EICs is also indicated in each legend.
Putative structures of intermediates and products corresponding to the m/z values of interest,
as obtained from the biosynthetic scheme in Fig. S1 are depicted next to each EIC.
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were obtained from HPLC-MS traces of extracts of B. subtilis encoding the PksL4nanviee-PsyD11
chimeric PKS. The dark blue traces indicate the proton adduct and the light blue traces indicate
the sodium adduct, for which the masses are indicated in the legend of each subplot. The
maximum intensity in the respective EICs is also indicated in each legend. Putative structures
of intermediates and products corresponding to the m/z values of interest, as obtained from

9

NAHVILEE

Intensity

-PsyD11

Reduction intermediate PksL

KS4

8.0-10% A
6.0 -10%
4.0+10% A
2.0-10%

0

o
Y\KLNWQH
H H H

—— 288.1805-9.5-10°
—— 310.1619 - 1.5-10%

Dehydration intermediate Pk

sL KS4

1.0-10%

o
Y\KLNWH
u H

—— 270.1700-1.1-10%
— 292.1514-2.0-10*

8.0 107 -
6.0-10%
4.0-103 4

2.0 103

Double extension intermedia

e PksL KS4
= H
TLETIYYY

— 328.1755-9.5-10°
— 350.1569 - 5.3:10°

2.0-10* 4

Dehydrated double extension

|
i

\rﬁn //IH

—— 310.1649 - 2.0-10%
—— 332.1463 - L.5-10°

Bacillibactin

2.0-10°

A

—— 883.2628-2.3-10°
—— 905.2442 - 3.5-10°

0

2

5 6 7

Time (min)

3 4

the biosynthetic scheme in Fig. S1 are depicted next to each EIC.

9

intermediate PksL KS4



2.0-10° A

Intermediate ACP2

6.0-10° -

4.0-105 A

2.0-10° A

Intermediate ACP3-4

-10° 4

=
o

Intensity

Intermediate ACP5

4 G
KS DH)(TE

PksL4

TR

— 190.1074 - 1.6 -10°
—— 212.0888 -2.2:10°

ﬁuw\g,uﬂ

—— 218.1387-7.1-10%
—— 240.1201-7.5-10%

o
N OH
—— 262.1649 - 1.8-10°
—— 284.1463 - 3,5-10%

Intermediate ACP6

—— 244.1543-2.8-10%
—— 266.1357 -1.2-10%

Keto extension intermediate

8.0 10* A

6.0 10 A

4.0 10 A

2.0 10*

PksL KS4

—— 286.1649 - 8.3-10%
—— 308.1463 -9.1-10°

2 3 4 5 6 7

Time (min)

LPTYPFx5W

Intensity

-PsyD1

0

_Reduction intermediate PksL KS4

6.0 10% 4

4.0 10% 4

2.0:10% 4

0

—— 288.1805-6.9-10*
—— 310.1619 - 8.4-10°

1.0 10% A

Dehydration intermediate Pk

sL KS4

o
\r\é)kua\/\f\;\g,w
H H

—— 270.1700-1.2-10%
—— 292.1514 - 8.3-10°

1.0 10% A

Double extension intermediate PksL KS4

o

— 328.1755-1.1-10¢
—— 350,1569 - 0

Dehydrated double extension

intermediate PksL KS4

2.0 10% 4

| TN

Y\é,ulku,\,\;\@_ou

—— 310.1649-9.7-10°
—— 332.1463-3.0-10%

8.010° A
6.010°
4.010° A
2.0:10° 4

0

Bacillibactin

—— 883.2628 - 9.6-10°
—— 905.2442 - 1.6-10°

2

3 4 5 6 7
Time (min)

Figure S5 EICs for ions of various intermediates and potential chimeric trans-AT PKS

products were obtained from HPLC-MS traces of extracts of B. subtilis encoding the
PksM8nanviLee-PsyD 10 chimeric PKS. The dark blue traces indicate the proton adduct and the
light blue traces indicate the sodium adduct, for which the masses are indicated in the legend
of each subplot. The maximum intensity in the respective EICs is also indicated in each
legend. Putative structures of intermediates and products corresponding to the m/z values of
interest, as obtained from the biosynthetic scheme in Fig. S1 depicted next to each EIC.
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Figure S6 EICs for ions of various intermediates and potential chimeric trans-AT PKS products
were obtained from HPLC-MS traces of extracts of B. subtilis encoding the
PksM8prvprxsw-PsyD10 chimeric PKS. The dark blue traces indicate the proton adduct and the
light blue traces indicate the sodium adduct, for which the masses are indicated in the legend
of each subplot. The maximum intensity in the respective EICs is also indicated in each legend.
Putative structures of intermediates and products corresponding to the m/z values of interest,
as obtained from the biosynthetic scheme in Fig. S1 are depicted next to each EIC.
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Figure S7 EICs for ions of various intermediates and potential chimeric trans-AT PKS products
were obtained from HPLC-MS traces of extracts of wild type B. subtilis. The dark blue traces
indicate the proton adduct and the light blue traces indicate the sodium adduct, for which the
masses are indicated in the legend of each subplot. The maximum intensity in the respective
EICs is also indicated in each legend.
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Figure S8 Weblogo representation of manual alignment of extended KS sequences The
NAHVILEE and LPTYPFxsYW motif are indicated as shaded areas.
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Figure S9 Histograms of various domain motifs in the BGCs used for the SCA analysis.
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Figure S10 SCA matrices of Clustal alignments obtained of (A) PP-binding—KS, (B) PP-binding-
KS—-FSD, (C) KS-FSD-KR, (D) KS-FSD-DH2, (E) KS-FSD-MT and (F) KS-FSD-PP-binding-KS
domain motifs. The IAll, EDAGY, HGTGT, and the consensus sequence of the NAHVILEE and
LPTYPFxsW motifs obtained from each MSA are indicated on the axes, indicating the N-
terminus, active site and C-terminus of the KS domain and the C-terminus of the FSD,
respectively.
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Figure S12 Color-coded consensus sequences of various domain motifs. SCA sectors are
indicated with color coding of the residues, with sector mapping indicated below the consensus
sequence. Residues that are not in a protein sector are colored black.



KS-FSD-KR

TVVELTNALNKAFCELS TIRALAEY  IKEHPDALIKLTGA-AAAAAADRAAEDIATIIG!MS
GRYPGAKDLDEFWDNLAEGKDCITE I PKERW AVYDPEKEGKTYCKWCGELDDIDEFDPLEEFNISP
EAELVDPQIERLEL WKATEDAG ESLSKKTGVIAGVVMNNEYG -A SES RVSY
NLEGPS IPVDTACSSSLVAIHLA RNG MATAGGVNLYLTPESYISLSKAGMLSPDGRCKTE

DCADGEVEGEGVG LKPLSDAEADGDHIYGVIRGSAINHGGKTNC ITAPNPKAQADLIREAYER
DPRTISYIEAHGTGTKLGDP IEIECLTKAFREDTRKQICAIGSVKSNIGHLEAAAGIAGLTKVLL
KHROL HEETLN DDSPFE ELKEWERPLPRRACVSSEFGAGCGTNAHIVIEEYQPKARA-
KADPPALIVLSAKNEERLKEYAEQLLDEFLROQKDIDLADIAYTLOTGREAMEERLAFVAGSLEELEEKL
NAFLAGKTAGLYRGOM--LIDAWIRKGKYAKLAELWVKGLDIDWNRLYGKPRRISLPTYPFAKERYWL
PEPEAAPAAE-REVLLLOKQWEESPLPSAEEGTVAILATDETA-ELAFIIF-VTKGLEFANELVRLAG
ASRAGLYRMLOLEYPHLRSRHIDLDPATDLAKITAEDSTEAEVCYRDGQRYRAVLEETPLEAKPSPEP
ECGGVYLITGGTGGLGLLCARHLAERYVKLVLTGRSPLPPRIEAIQELELGQVLYLSADLSDPAAVRQA
LKRIKRTFGPIGGVIHCAGVVDAFIRKTAEDFQRVLEPKVAGLOQTLDEALNEPLDFEVLESSVSAIGA
GOSDYAMANAFMDAFAAYRNE-GPTVSINWPNWKEGGCMGEVTLKSSGLRSLTNAEGLALLDRILRLLL

AGEPSR-GAPA-A--LAW

Sector 1 Sector 3 Sector 4 Sector 5
Sector 7 Sector 8 Sector 9 Sector 10 Sector 11 Sector 12
Sector 13 Sector 14

KS-FSD-DH

DSILLVELANRNKE YPTIALAYLAEYAEAFA--E--APAAAEPKYADEDIAITGISGREP

GANIDEFWENLKEGKDC I TEI PKDRWDWEREYCEGKT Y SKW GVDCEDPLFFGISPREAELMDPQ
RLELETAWKAIEDAGYTPKSLCTKTGVEVG Y AEEGSA SPSSIANRVSYFLNLHGP
VDTACSSSLVAIHLA RSG MALAGGVNLSLHP SLSK SSDGRCEKTFCAGADG

VPGEGVG LKPLSDAE/DGDHIYAVIKG NHGGKTNGCLTVPNPKAQADVIQAATDK PRT

EAHGTGTKLGDPIEINCLTKAFRQYTKONCCIGSVKENIGHLEAAAGTAGLIKVLLOLKHKTL
SLHSEELNPYIDEFEDSPE QETKEWKRPYPRERAGISSEFGACGINAHV ILEEYIPEESA-DAEGPAL
IVLSAKNENRLEEYAKQLLAFLE-TDVDLADLAYTLOVGREAMEERLAFIASSIEELKEKLK A FLNGG
CY GADGEEIEKWLAKGKLAK AEWVGAVDWNKLYGKP-RISLP YPFANERYWIPDAEKKAS-GAA
VLHPLLHSDLSEQRESSTEFTGEEFEFLADHVVKKRVLPGVAYLEMARAAVERAAGGSVIRLKNVVWVRP
IVVEEPEVHIRIAFEIYSE-EPVV/HEQGSAVLVEAPVLD LELKQUQLSAEECYEAFRIGIDYGPAEFRG
IEQLYTIVLAKLSLPASVTKDQYVLHPSLLDSALQASGLLL-DNKLSLPFALEELEVGPPMWAYVRYSE
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Figure S12 continued.
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Figure S12 continued.



KR-PP-binding-KS
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Figure S12 continued.
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Figure S13 Positional conservation of the amino acid positions in the filtered MSA for sectors
1, 2, and 3 as obtained from the SCA of the Clustal alignments of the KS—-FSD-KR tridomain.
The consensus sequence can be found in Fig. S12. The horizontal dashed lines indicate the
average conservation in the sector.
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Figure S14 (A) The polyketide intermediate attached to the OocO ACP can be halogenated by
OocPQ. Hydrolysis of non-chlorinated and chlorinated intermediates results in the release of
congeners 22 and 23, respectively. (B) EICs for ions of the ammonium adducts of 22C (top)
and 23C (bottom) from expression cultures of S. plymuthica 4Rx13 AoocR and S. plymuthica
4Rx13 AoocQR. (C) Zoom of the mass spectrum at a retention time of 6.44 minutes from HPLC-
MS analysis of an expression culture of S. plymuthica 4Rx13 AoocR, showing that the ion with
an m/z corresponding to 23C is chlorinated. The absence of this signal in the S. plymuthica
4Rx13 AoocQR mutant indicates that knocking out and supplementing oocQ suffice to abolish
and restore chlorination of polyketide intermediates, respectively. For these measurements, a
solvent gradient (A = H,O + 0.1% formic acid and B = acetonitrile + 0.1% formic acid) with B
at 1% for 0-2 min, 5-50% for 2—4 min, 50-95% for 4-10 min and 95% for 10-13 min at a flow
rate of 1.0 mL/min) was used on a Phenomenex Kinetex 2.6 uM C18 100A (150 x 4.6 mm)
column at 27 °C.
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Figure S15 (A) Domain architecture of the modules encoded by the S. plymuthica 4Rx13
mutant harboring the pBAD-00cQRxso-pH-acp-lbmisi2-00cSc plasmid. (B) Domain architecture of
the modules encoded by the S. plymuthica 4Rx13 mutant harboring the pBAD-00cQRkso-pH-Acp-
[bmisi1-acpks12-00cSc  plasmid. In these constructs, the foreign domains are inserted
downstream of the ACP, rather than downstream of the KS-FSD. This fusion site is employed
in a productive truncated disorazol PKS, reported by Wang et. al. (24). (C) EICs of ions
corresponding to ammonium adducts of 1 and 2, as obtained from expression cultures of S.
plymuthica AoocQR supplemented with pBAD-00cQRkso-oH-acp-lbmisi2-OocSc and  pBAD-
00cQRSc (domain architecture in Figure 2 in main text) . (D) EICs of ions corresponding to
ammonium adducts of 1 and 2, as obtained from expression cultures of S. plymuthica AoocQR
supplemented with pBAD-00cQRxso-pH-acp-IbMks11-acp-s1200¢Sc and pBAD-00cQR-lbmysi12-00c¢Sc
(domain architecture in Figure 2 in the main text).
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Figure S16 (A) Hydrolysis of stalled intermediates in chimeric assembly lines that incorporate
a foreign minimal ACP-KS domain series (e.g., OocQR-Lcn24-ACP-C) leads to premature
offloading from the assembly line, producing the carboxylic acids shown on the right, whereas
normal processing by the foreign minimal ACP-KS domain series and offloading results in
biosynthesis of 3 and related congeners (lll A-D) (see Table S12). (B) Extracted ion
chromatograms of an expression culture extract of S. plymuthica 4Rx13 + pBAD-00cQR-lcn24-
C of ions of the various prematurely offloaded polyketide congener adducts. (C) Mass spectra
at various elution times of the expression culture extract of S. plymuthica 4Rx13, indicating that
the compounds with m/z values corresponding to congener Il adducts are chlorinated. (D) EICs
for ions of the various prematurely hydrolyzed polyketide congeners from an expression
culture of S. plymuthica 4Rx13 AoocQR.



Structure elucidation of 2 and 3

Compound 2 with the molecular formular C;3H29ClOs and 9 degrees of unsaturation was
established from the HR-MS data HRMS (m/z 469.1633 [M+H]", A 0.98 mmu). Although the
parent ion m/z intensity was very low, the ammonium ion adduct was the most intense
(m/z 486.1905 [M+NH4]").

The substructure Il spin system was established from the COSY correlations of H»-8 to H,-7/H-9,
H,-10 to H-9/H-11/ H-12 to H-11/H- and H-13 to H-12/H-14. This assignment was supported
by the HMBC correlations of H»8 to C-7/C-9, H,-10 to C-8/C-9/C-11/C-12, H-11 to
C-10/C-12/C-13 and H-12 to C-10/C-11. The downfield shift of C-12 (6 83.5) together with the
HMBC cross peaks observed between H-9 and C-12 confirm the oxolane ring. Substructure IlI
was deduced and connected to substructure Il from the HMBC correlations of Hs3-23 to
C-14/C-15/C-16, H»-16 to C-14/C-15/C-17/C-23 and H-13 to C-11/C-12/C-14/C-15. The
substructure | was established from the HMBC correlations of H,-2 to C-1/C-3/C-4, H»-4 to
C-2/C-3/C-5/C-6. This substructure was connected to Il based on the HMBC correlations of H-5
to C-6/C-7and H»-7 to C-5. The macrolide ring was deduced based on the downfield shift of
H-13 (5 6.18) and the HMBC correlation of this proton to C-1 (5 169.1). The substructure IV was
elucidated from the HMBC correlations of H3-21 to C-19/C-20, H,-22 to C-18/C-19-C-20 and
H»-18 to C-19/C-20/C-22. This substructure was connected to lll based on the HMBC
correlations of Hz2-18/H2-16 to the carbonyl carbon C-17.

o OH
Cl o) 0
I I Y,
| O 2

— COSY ~ HMBC

Figure S17 Structural assignment of 2.



Table S13 NMR data for compound 2 in methanol-ds ("H 500 MHz, 3C 125 MHz).

No. BC/HSQC 'H

1 169.1, C
2 483,CH,  3.24(d),J=15.8 Hz
3.74 (d), J=15.8 Hz
3 202.6, C
4 454,CH,  3.02 (m)
3.57 (dd), J=10,4, 16.2 Hz
5 1210,CH 572 (m)
6 139.6, C
7 369, CH,  2.46 (ddd), J=2.4, 5.0, 13.9 Hz
2.77 (ddd), J=4.6, 12.6, 14.1 Hz
8 314,CH,  1.52 (m)
2.10 (m)
9 76.4, CH 4.14 (m)

10 445, CH2 1.70 (td), J=5.1, 12.1 Hz
1.94 (dd), J=3.7,12.6 Hz

11 73.6 CH 4.56 (td), J/=2.0, 2.6, 54 Hz
12 83.5 CH 4.09 (t), /=5.5Hz
13 73.0, CH 6.18 (t), /=5.0 Hz
14 124.9, CH 5.69 (m)

15 136.6, C

16 454, CH> 3.11 (s)

17 1723, C

18 63.2, CH: 4.77 (q), J=13 Hz
19 144.6, C

20 200.0, C

21 25.9, CHs 2.36 (s)

22 128.4, CH: 6.06 (t); /=14 Hz

6.32 (t), /=14 Hz
23 17.1, CH3 1.79 (d), J=1.3 Hz
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Figure S18 'H NMR spectrum of 2 in methanol-ds (*H 500 MHz).
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Figure S19 COSY spectrum of 2 in methanol-ds ("H 500 MHz).
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Figure S21 HMBC spectrum of 2 in methanol-ds ("H 500 MHz, *C 125 MHz).
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Compound 3 was assigned the molecular formula C2sH31ClOg and 10 degrees of unsaturation
based on the deduction from the HR-MS data (m/z 511.1712 [M+H]*, A -1.69 mmu). The
substructure | was elucidated from the HMBC correlations of H-3 to C-5/C-1, H-5 to C-3/C-6.
COSY correlations of H»-7 to H-8 in conjunction with the HMBC correlations of H-8 to C-6
connected the side chain to the pyrone ring. Typical pyrone *C and "H chemical shifts at 5 87.9
(6 5.88) and & 104.2 (& 6.67) for position 3 and 5 respectively were observed in the HSQC
spectrum. The second spin system for substructure Il was elucidated from the COSY
correlations of H-10 to H-9/H-11, H-12 to H-11/H-13/, H-14 to H-13/H-15 and H-15 to H-16.
HMBC correlations of H3-26 (6 1.79) to C-17/C-18/C-19 and H»-19 (& 3.02) to C-17/C-18/C-20
was recorded. The oxolane ring was deduced from downfield shift of C-12 (& 77.8) and C-15
(6 81.5). These chemical shifts were in agreement with those reported for oocydin B (77). The
substructure Il was deduced from the HMBC correlations of Hz-21 to C-25 and Hz3-24 to
C-22/C-23. The three sub structures were connected based on the HMBC correlations of the
H.>-21 to C-20 and H-8 to C-10. The chloride atom predicted from the HR-MS data HRM was
attached to the only remaining open position to at C-9 (& 136.3). The NMR data assignment in
compound 3 from C-10 to C-20 were in agreement with those previously assigned for
oocydin B* with the exception of the slightly difference in chemical shifts for oxolane ring. The
upfield shift in the chemical shift at position 14 (& 4.48, 6 73.3) compared to the oocydin B
chemical shifts (§ 5.31, & 76.5)*, supported the absence of the macrolide ring in 3.
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Figure S22 Structural assignment of 3.



Table S14 NMR data for compound 3 in methanol-ds ("H 500 MHz, *C 150 MHz).

No. "C/HSQC 'H
2 160.7, C

3 87.9, CH 5.88, (s)
3 172.6, C

5 104.2, CH 6.67 (s)
6 149.5, C
7

8

9

335,CH,  3.39(d),J=69
119.7,CH 579 (t), J=7.2 Hz
1363, C
10 369,CH; 252 (m)
11 345 CH, 172 (m)
1.78 (m)
12 77.8,CH 4.24 (m)
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Extracted ion chromatograms for |-V and oocydin congeners of cultures of
Serratia plymuthica mutants
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Figure S27 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13. The m/z values of proton and ammonium adducts are indicated in the legend of each
subplot, with the maximum intensity detected for each m/z value. The shaded areas indicate
the consensus retention time for the compounds with corresponding color coding.
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Figure S28 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR. The m/z values of proton and ammonium adducts are indicated in the legend
of each subplot, with the maximum intensity detected for each m/z value. The shaded areas
indicate the consensus retention time for the compounds with corresponding color coding.
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Figure S29 Extracted ion chromatograms of an expression culture extract of S. plymuthica
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legend of each subplot, with the maximum intensity detected for each m/z value. The shaded
areas indicate the consensus retention time for the compounds with corresponding color
coding.
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Figure S30 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR. The m/z values of proton and ammonium adducts are indicated
in the legend of each subplot, with the maximum intensity detected for each m/z value. The
shaded areas indicate the consensus retention time for the compounds with corresponding
color coding.
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Figure S31 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQRSc. The m/z values of proton and ammonium adducts are
indicated in the legend of each subplot, with the maximum intensity detected for each m/z

value. The shaded areas indicate the consensus retention time for the compounds with

corresponding color coding.
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Figure S32 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQRxso-pH-ace-lbmisio-OocSc. The m/z values of proton and
ammonium adducts are indicated in the legend of each subplot, with the maximum intensity
detected for each m/z value. The shaded areas indicate the consensus retention time for the
compounds with corresponding color coding.
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Figure S33 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQRkso-pH-acr-lbmisii-acp-ks12-00¢Sc. The m/z values of proton and
ammonium adducts are indicated in the legend of each subplot, with the maximum intensity
detected for each m/z value. The shaded areas indicate the consensus retention time for the
compounds with corresponding color coding.
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Figure S34 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Psyks11 — Fusion site: LPTYPFxsW. The m/z values of proton and
ammonium adducts are indicated in the legend of each subplot, with the maximum intensity

detected for each m/z value. The shaded areas indicate the consensus retention time for the

compounds with corresponding color coding.
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Figure S35 Extracted ion chromatograms of an expression culture extract of S. plymuthica
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Figure S37 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Lbm12-oocSc — Upstream fusion site: NAHVILEE, downstream
fusion site: LPTYPFxsW. The m/z values of proton and ammonium adducts are indicated in the
legend of each subplot, with the maximum intensity detected for each m/z value. The shaded
areas indicate the consensus retention time for the compounds with corresponding color
coding.
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Figure S38 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Lbm12-o0cSc — Upstream fusion site: LPTYPFxsW, downstream
fusion site: NAHVILEE. The m/z values of proton and ammonium adducts are indicated in the
legend of each subplot, with the maximum intensity detected for each m/z value. The shaded
areas indicate the consensus retention time for the compounds with corresponding color
coding.
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Figure S39 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Lbm12-00cSc — Upstream fusion site: NAHVILEE, downstream
fusion site: NAHVILEE. The m/z values of proton and ammonium adducts are indicated in the
legend of each subplot, with the maximum intensity detected for each m/z value. The shaded
areas indicate the consensus retention time for the compounds with corresponding color
coding.
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Figure S40 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-oocQR-Lbm11-oocSc. The m/z values of proton and ammonium
adducts are indicated in the legend of each subplot, with the maximum intensity detected for
each m/z value. The shaded areas indicate the consensus retention time for the compounds
with corresponding color coding.
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Figure S41 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Pks5-oocSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.
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Figure S42 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Tar10-o00cSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z

value. The shaded areas indicate the consensus retention time for the compounds
corresponding color coding.
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Figure S43 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-o0cQR-Tar13-00cSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.
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Figure S44 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Lcn13-o0cSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.



1.0-10°

—— 445.1624 - 5.2-10*
—— 462.1889 - 1.1-10°
—— 459.1780 - 5.6-10°
—— 4762045 -37-10°
—— 363.1205- 1.4-10*

380.1470- 2.1-10°

469.1624 - 3.2+ 10°
486.1889 - 1.4-107
483.1780 - 9.0-10°
500.2045 - 4.4 - 10°
387.1205 - 4.4-10°

I\ 404.1470 - 4.8-10°
I
Il

0 \

1.0-107 4

8.010° 4
—— 511.1730- 9.6 10°
6.0-10°% 4 —— 528.1995-2.6-10°
—— 525.1886- 3.0+ 10°
—— 5422151-0
. 5 4
4.0-10 4291311 - 1.6 10°
—— 446.1576 - 7.1-10*
2.0-10° A
I
0 I\ A “
r T T T T T
v
4.0-10%4
—— 513.1886- 2.4-10°
> —— 5302151 - 4.7-10°
e
& —— 5272042 -6.7-10°
c
£2.0-10° 544.2308 - 7.0 10
= —— 431.1467 - 4.3-10°
-~ 448.1732-10.0-10%
|
\ |
Al p I\
04 | A ; L - . — A - . .l
T . . . T - -
v
8.0-10%4
H —— 4951780 - 6.5-10°
6.0-10% —— 5122046 -2.7-10%
—— 509.1937-0
4.0-10% 4 H —— 5262202 - 6.810°

J —— 413.1362 - 9.5-10"

. | 430.1627 - 7.8-10°
2.0-10° | f !
) | I ‘H l
0 [, [ i AP i il 1

3

Oocydin
8.0-10° 4
—— 471.1780-2.2-10°
6.0-10° 4 —— 4882045 - 8.5-10°
— 555.2355-0
—— 5722621-12-10°
4.0-10° —— 567.2355-0
—— 5842621 - 4.4-10¢
553.2199 - 0
L1054
20-10 l\ 570.2464 - 2.1-10°
n
04 f\ iy LA S A A
9 10 11 12 13 14 15 16 17
Time (min)

Figure S45 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Lcn24-o0ocSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.
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Figure S46 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR pBAD-00cQR-LcnT-oocSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.
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Figure S47 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + oocQR-Tar11-oocSc. The m/z values of proton and ammonium adducts are
indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.
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Figure S48 Extracted ion chromatograms of an expression culture extract of S. plymuthica
4Rx13 AoocQR + pBAD-00cQR-Gyn3-oocSc. The m/z values of proton and ammonium adducts
are indicated in the legend of each subplot, with the maximum intensity detected for each m/z

value. The shaded areas indicate the consensus retention time for the compounds with

corresponding color coding.
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Figure S50 Extracted ion chromatograms of an expression culture extract of S. plymuthica
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compounds with corresponding color coding.
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Figure S52 Extracted ion chromatograms of an expression culture extract of S. plymuthica
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value. The shaded areas indicate the consensus retention time for the compounds with
corresponding color coding.



Table S15 Relative titers of oocydins 1-5 produced by the various Serratia plymuthica strains

presented in Fig. 2-4 in the main text. Relative titers are calculated as fractions by dividing the

integrated intensity of the respective shaded peaks in Figs. S27-S52 by the integrated intensity

of the oocydin A peak detected in the S. plymuthica 4Rx13 wild type extract.

1 2 3 4 5
Mutant m/z=462.1897 | m/z = 486.1889 | m/z = 511.1729 | m/z = 530.2151 | m/z = 512.2046
S. plymuthica 4Rx13 wild type 7.84-10° 8.11-10° 8.20-10° 0 0
S. plymuthica 4Rx13 AoocQR 0 0 0 0 0
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR 8.04-10* 1.82-10° 9.61-10°¢ 0 1.45-10®
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-00cSc 1.17-10° 6.42-102 1.34-10* 2.79-10° 9.03:10°
. pl thica 4Rx13 A R BAD- R-P
. plymuthica 4Rx13 400cQR + pBAD-00cQR-Psyis1 7.39-10° 7.05-10% 5.66-10 0 0
Fusion site: LPTYPFxsW
S. pl i - -
p‘ymu.thlca 4Rx13 AoocQR + pBAD-00cQR-Psyksi1 2.85104 0 0 0 0
Fusion site: NAHVILEE
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lbm12-o0cSc 1.22.10° 1.09-10°2 2.82-103 1.43-10°3 2.65-10°
Upstream: LPTYPFxsW, downstream: LPTYPFxsW
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lbm12-00cSc 4.67-10% 5 15.10% 3.09-105 5.92-10% 1.30-10°
Upstream: NAHVILEE, downstream: LPTYPFxsW
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lbm12-o0cSc 5.17.104 5.0110° 3.57.10° 4.43-10° 122.10°
Upstream: LPTYPFxsW, downstream: NAHVILEE
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lbm12-o0cSc 5 89-104 5.15.10° 2.9610° 6.44-10% 103-10°
Upstream: NAHVILEE, downstream: NAHVILEE
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lbm17-00cSc 5.74-10* 2.99:102 3.34-10* 9.13-10° 7.77-10°
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Pks5-00cSc 2.10-10* 4.96-10° 1.29-10* 5.70-10° 4.88-10°
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Tar10-00cSc 1.47-10° 3.65-10° 9.62-10° 4.73-10° 8.83-10°
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Tar13-00cSc 2.69-10°3 1.49-10* 1.89-10* 7.16-10* 3.17-10*
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lcn13-00cSc 1.10-10° 3.12:10° 2.52-10° 1.09-10°® 4.79-10°°
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lcn24-o0ocSc 9.95-10* 1.67-10% 4.58-10° 4.36-10"* 3.62:10°
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-LcnT-00cSc 7.35:10° 6.81-10? 3.92-10° 5.37-10* 1.77-10*
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Tar11-00cSc 5.73-10° 1.51-10% 9.55-10° 9.79-10* 4.81-10*
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Gyn3-oocSc 3.47-10* 1.05-10% 4.68-10° 2.84-10* 1.80-10°
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lcn6-00cSc 1.84-10* 2.94-103 1.28-10° 0 7.23-10°¢
S. plymuthica 4Rx13 AoocQR + pBAD-00cQR-Lbm T Tou-kr-ace- 1.9110° 2.92.102 1.80-10% 6.13-10° 2.17-10°
ks-00CSc
S. pl thica 4Rx13 A R BAD- R-Pks5pH-kr-Ace-
plymuthica 4Rx13 L00cQR + pBAD-00CQR-Pksd0n trace 1.7810* 4.97-10° 3.1110° 5.69-10° 1.85-10°
ks-00CSc
S. plymuthica 4Rx13 AoocQR + pBAD-o0ocQR-Lbm9-o0cSc 4.28-10°3 1.89-10° 1.03-10° 0 0
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Figure S53 Verification of Gynuella sunshinyii deletion mutants. (A) Schematic representation
of binding sites for primers GS27-GS34 (Table S10) in the wild-type strain [cn BGC (shown at
the protein level. (B) Agarose gel of PCRs verifying the deletion in the seven different
G. sunshinyii mutants mentioned on top. Deletion of exchange units incorporating KSs (EXU)
14-15 (GS27, GS28): 1.2 kbp instead of 9.4 kbp in the wild type; deletion of (EXU) 17-24 (GS29,
GS30): 1.2 kbp instead of 36.4 kbp in the wild type; deletion of (EXU) 21-22 (GS33, GS34): 1.2
kbp instead of 8.7 kbp in the wild type; deletion of (EXU)20-23 (GS31, GS33): 1.2 kbp instead
of 16.4 kbp in the wild type. Expected PCR product sizes (in bp) are shown in white. PCR bands
were purified and sequenced confirming fusion at the designed site.
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Figure S54 Lacunalides are biosynthesized by five trans-AT PKS proteins with a total of 25
modules. The incoming substrate’s a-B region is mentioned above each KS. o/p: location
relative to the thioester; (L/D): configuration relative to the thioester; OH: hydroxy group; Me:
methyl group; DB: double bond; red: fully reduced o/ region. Insets: To generate functional
truncated PKSs, a series of domains after a KSs accepting an intermediate type (eg. KS13:
B(D)OH for Alcn14-15) up to a KS with the same intermediate type (eg. KS15: B(D)OH for Alcn14-
15) were deleted. The LPTYPFxsW motif was used as a fusion site (scissors). Exchange units
deleted in the respective mutants are shown in grey. In all mutants the intermediate processed
by the KS upstream of the fusion site (black on the left-hand side) is identical to that in the wild



type (grey). Deleting domain series spanning multiple proteins resulted in protein fusions (eg.
LcnB fused to LenC in the Alcn14-15 mutant).

Extracted ion chromatograms for 6-21 of cultures of Gynuella sunshinyii mutants
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Figure S55 Extracted ion chromatograms of an expression culture extract of wild type

G. sunshinyii YC6258. The m/z values of proton adducts of respective compounds are indicated

in the legend of each subplot, with the maximum intensity detected for each m/z value.
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Figure S56 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn14-15. The m/z values of proton adducts of respective compounds are indicated
in the legend of each subplot, with the maximum intensity detected for each m/z value.
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Figure S57 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn21-22. The m/z values of proton adducts of respective compounds are indicated
in the legend of each subplot, with the maximum intensity detected for each m/z value.
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Figure S58 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn20-23. The m/z values of proton adducts of respective compounds are indicated
in the legend of each subplot, with the maximum intensity detected for each m/z value.
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Figure S59 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn17-24. The m/z values of proton adducts of respective compounds are indicated
in the legend of each subplot, with the maximum intensity detected for each m/z value.
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Figure S60 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn14-15, Alcn21-22. The m/z values of proton adducts of respective compounds are
indicated in the legend of each subplot, with the maximum intensity detected for each m/z

value.
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Figure S61 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn14-15, Alcn20-23. The m/z values of proton adducts of respective compounds are
indicated in the legend of each subplot, with the maximum intensity detected for each m/z
value.
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Figure S62 Extracted ion chromatograms of an expression culture extract of G. sunshinyii
YC6258 Alcn14-15, Alcn17-24. The m/z values of proton adducts of respective compounds are
indicated in the legend of each subplot, with the maximum intensity detected for each m/z

value.



Table S16 Relative titers of the lacunalides 6-21 produced by the various Gynuella sunshinyii

strains presented in Fig. 5 in the main text. Relative titers are calculated as fractions by dividing

the integrated intensity of the respective shaded peaks in Figs. S55-S62 by the integrated

intensity of the lacunalide A peak detected in the G. sunshinyii wild type extract.

6 7 8 9 10 11

Mutant m/z=971.7029 | m/z = 957.6873 | m/z = 899.6455 | m/z = 885.6298 | m/z=883.6505 | m/z = 869.6349
Gynuella sunshinyii wild type 1.00-10° 8.96-10* 1.57-10? 4.58-10°3 0 0
Gynuella sunshinyii Alcn14-15 0 0 1.98-10¢ 7.52-10? 0 0
Gynuella sunshinyii Alcn21-22 0 0 1.00-10 1.62:10? 3.31-10* 8.28-10*
Gynuella sunshinyii Alcn20-23 0 0 0 0 0 0
Gynuella sunshinyii Alcn17-24 0 0 0 0 0 0
Gynuella sunshinyii Alcn14-15, Alcn21-22 0 0 3.35:103 2.57-103 0 0
Gynuella sunshinyii Alcn14-15, Alcn20-23 0 0 0 0 0 0
Gynuella sunshinyii Alcn14-15, Alcn17-24 0 0 0 0 0 0

Mutant 12 13 14 15 16 17

m/z=795.5981 | m/z=781.5824 | m/z = 609.4725 | m/z = 595.4568 | m/z = 811.5930 | m/z = 797.5773

Gynuella sunshinyii wild type 4.57-103 1.87-103 2.09:103 0 5.15-103 2.24-103
Gynuella sunshinyii Alcn14-15 0 0 0 0 8.59-10° 0
Gynuella sunshinyii Alcn21-22 1.06-10* 1.42:10? 6.48:10! 0 3.83-10* 0
Gynuella sunshinyii Alcn20-23 5.17-10* 2.19-10* 2.55-10? 0 4.26:10° 0
Gynuella sunshinyii Alcn17-24 2.20-10°3 0 1.53:10? 4.49-10* 1.25-10? 4.22:10?
Gynuella sunshinyii Alcn14-15, Alcn21-22 2.59:10°3 0 8.33:10°3 0 3.17-10? 0
Gynuella sunshinyii Alcn14-15, Alcn20-23 1.23-10 0 1.91-10°3 4.17-103 1.13-10 0
Gynuella sunshinyii Alcn14-15, Alcn17-24 0 0 3.73:10°3 0 4.97-10° 2.56:10*

Mutant 18 19 20 21

m/z =537.4158 | m/z=523.4001 | m/z = 723.5406 | m/z = 709.5249

Gynuella sunshinyii wild type 0 0 1.88:10? 0
Gynuella sunshinyii Alcn14-15 5.14-10° 4.54-10° 5.00-10° 0
Gynuella sunshinyii Alcn21-22 1.23:10? 1.45-10? 2.28:10? 0
Gynuella sunshinyii Alcn20-23 4.27-10? 1.73-10? 0.98:10? 1.62:10
Gynuella sunshinyii Alcn17-24 0 0 1.446 0
Gynuella sunshinyii Alcn14-15, Alcn21-22 1.06-10* 2.29-10° 1.43-10° 4.42-10*
Gynuella sunshinyii Alcn14-15, Alcn20-23 1.41-10 0 4.19-10* 1.91-10¢
Gynuella sunshinyii Alcn14-15, Alcn17-24 0 0 1.66-107? 0




2x10?

4x10°

3x10°

10¢

2x10°

3x10°

10°

6x10°

Lacunalide A (6) and truncated lacunalides 8, 10, 12, 14, 16, 18, 20

. G. sunshinyii YC6258 WT miz = 971.6993
o 14.74 min
r [T 1y 1 N N N | X

1 1 1 | 1 | 1 | 1 | 1 | 1 1 1
- G. sunshinyii YC6258 Alcn14-15 miz = 899.6422
n 13.64 min
M ol gl b g gl
C G. sunshinyii YC6258 Alcn21-22 m/z = 883.6465
N 14.65 min
B e Y e SN WU O Ey EOR S
_ G. sunshinyii YC6258 Alcn20-23 miz = 795.5961
N 15.09 min
:7 1 I i 1 i 1 i ] i 1 i 1 i ] i 1
— G. sunshinyii YC6258 Alcn17-24 m/z =609.4716
N 15.16 min

ST T S S AT M S A N T N N

1
G. sunshinyii YC6258 Alcn14-15, Alcn21-22  miz = 811.5911
14.95 min

s \“l P11 YO TITOON IO ROV | 1 el | 1 —
| 1 | 1 1

—

G. sunshinyii YC6258 Alcn14-15, Alcn17-24 miz = 537.4143
15.68 min

LJHNJhﬂ

3

G. sunshinyii YC6258 Alcn14-15, Alcn20-23 miz = 723.5390
15.41 min

L[ YO0 OO 1YY Lo " | || | ] In
1 1

I 1 1 1 1 1 I 1 1 1

(%))
o

Figure S63 HPLC-HESI-HRMS/MS fragmentation patterns of lacunalide A (6) and truncated
lacunalides (8, 10, 12, 14, 16, 18, 20) obtained during HPLC-MS measurements of extracts of
expression cultures of the mutant indicated in the respective graphs. The retention time and
experimental m/z value of the fragmented ion is indicated. The highly similar fragmentation
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patterns across a wide m/z ratio suggests chemical relatedness.
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Figure S64 HPLC-HESI-HRMS/MS fragmentation patterns of lacunalide A (7) and truncated
lacunalides (9, 11, 13, 15, 17, 19, 21) obtained during HPLC-MS measurements of extracts of
expression cultures of the mutant indicated in the respective graphs. The retention time and
experimental m/z value of the fragmented ion is indicated. The highly similar fragmentation
patterns across a wide m/z ratio suggests chemical relatedness. For 19, no peak was observed
and hence no MS? spectrum is given.
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Figure S65 LC-MS analysis of purified lacunalide C (8). Top: Base peak full MS and extracted
ion chromatogram (m/z 899.6520 + 5 ppm) of purified natural product. Bottom: MS and
MS/MS fragmentation spectra of 8.
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Figure S67 HSQC spectrum of 8 in methanol-ds ("H 600 MHz).
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Figure S68 COSY spectrum of 8 in methanol-ds ('"H 600 MHz, *C 151 MHz).
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Figure S70 *C NMR spectrum of 8 in methanol-ds ("*C 151 MHz).
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Figure S71 Overlay of 'H spectra of 7 (bottom, (60)) and 8 (top).
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Figure S72 Structural assignment of 8 and 9. Due to overlapping signals not all carbons could
be structurally assigned.
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Figure S73 LC-MS analysis of purified 9. Top: Base peak full MS and extracted ion
chromatogram (m/z 885.6359 + 5 ppm) of purified natural product. Bottom: MS and MS/MS
fragmentation spectra of 9.
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Figure S74 "H NMR spectrum of 9 in methanol-ds ("H 600 MHz).
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Figure S75 HSQC spectrum of 9 in methanol-ds ("H 600 MHz).
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Figure S76 COSY spectrum of 9 in methanol-ds ("H 600 MHz, *C 151 MHz).
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Figure S77 HMBC spectrum of 9 in methanol-ds (‘*H 600 MHz, *C 151 MHz).
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Figure S78 3C NMR spectrum of 9 in methanol-ds ("*C 151 MHz).
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Figure S79 Comparison of 'H spectra of 6 with isolated compounds 8, 9, 10+11, 12, 14, 16,
18, 20+21 (top to bottom). The number of methanetriyl groups connected to oxygens in the
region of 3.5 to 4.1 ppm differs based on how much of the lacunalide PKS is deleted

(Figure 5).
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Figure S81 LC-MS analysis of purified 10+11. Top: Base peak full MS and extracted ion

chromatogram (m/z 883.6505 and 869.6349 +
and MS/MS fragmentation spectra of 10+11.

5 ppm) of purified natural product. Bottom: MS
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Figure S83 HSQC spectrum of 10+11 in methanol-ds ("H 600 MHz).
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Figure S84 COSY spectrum of 10+11 in methanol-ds ("H 600 MHz, *C 151 MHz).
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Figure S85 HMBC spectrum of 10+11 in methanol-ds ('"H 600 MHz, *C 151 MHz).
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Figure S87 Structural assignment of 12. Due to overlapping signals not all carbons could be
structurally assigned.
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fragmentation spectra of 12.
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Figure S102 LC-MS analysis of purified 16. Top: Base peak full MS and extracted ion
chromatogram (m/z 811.5930 + 5 ppm) of purified natural product. Bottom: MS and MS/MS
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Figure S109 LC-MS analysis of purified 18. Top: Base peak full MS and extracted ion
chromatogram (m/z 537.4158 + 5 ppm) of purified natural product. Bottom: MS and MS/MS
fragmentation spectra of 18.
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Figure S116 LC-MS analysis of purified 20+21. Top: Base peak full MS and extracted ion
chromatogram (m/z 723.5406 and m/z 709.5239 + 5 ppm) of purified natural product. Bottom:
MS and MS/MS fragmentation spectra of 20+21.
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Figure S122 Bioactivity of isolated compounds against HeLa human cervical cancer cells. Cells
were treated with different concentrations of compounds 8-21 in triplicates. From the data
measured in an MTT assay after three days of incubation, the ICso-values were calculated:
Compound 8: ICsp = 15.0 uM, R? = 0.971. Compound 9: ICso = 0.4 uM, R* = 0.997. Compounds
10+11:1Cso = 3.7 uM, R*> = 0.959. Compound 12: I1Cso = 1.9 uM, R? = 0.984- Compound 14: ICso
= 1.6 uM, R? = 0.999. Compound 16: ICso = 4.1 uM, R? = 0.987. Compound 18: ICso = 1.3 uM,
R? = 0.999. Compound 20+21: 1Cso, = 3.3 uM, R? = 0.988. The curves were fit with a least squares
regression using a four-parameter logistic function. For the fit, outliers were eliminated using
a ROUT coefficient Q=1% in GraphPad Prism 9.0.2 (GraphPad Software). The NMR determined
ratio of the mixtures 10+11 (8:2 ratio; effective MW 880.4526 g/mol) and 20+21 (7:3 ratio;
effective MW 718.8369 g/mol) was used to calculate the effective molecular weight. Lacunalide
A (6) has an ICso of 1 uM (57).



Table S17 Purification of lacunalides from different G. sunshinyii mutants. All solvents contained 0.1 vol% formic acid.

Gynuella Retention time 1t Retention time 2" Initial MeCN Retention time 3™ initial MeCN Yield Y'grd
sunshinyii | compound | purification step -tR | purification step - tR in H2O ratio purification step -tR | in H2O ratio [mal voFI)ume
mutant [min] [min] steps 1 and 2 [min] step 3
[mg/L]
A1415 8 26-30 25 37 NA NA 4.2 0.70
A1415 9 26-30 21-23 37 33 40 0.2 0.04
A2122 10 27-30 18 43 40 43 2.4 0.40
A2122 11 27-30 18 43 40 43 0.6 0.10
A2023 12 27-30 25 43 NA NA 4.0 0.67
A1724 14 27-30 26 43 NA NA 1.5 0.26
A1415 + .
A21292 16 27-30 28 43 48 43 0.7 0.11
A1415 +
A1724 18 27-30 28-32 43 26 43 0.2 0.03
A1415 +
A2023 20 27-30 25-28 43 61 43 2.9 0.49
A1415 +
A2023 21 27-30 25-28 43 61 43 1.3 0.21
Phenomenex Luna 5y Phenomenex Luna 5y Phenomenex Synergi
column C18, ¢ 20 x 250 mm Phenyl-Hexyl, ¢ 10 x 4 Hydro-RP, ¢ 10 x
’ 250 mm 250 mm,
fganv(\; ﬁ{f 15.0 mL/min, 200 nm 2.0 mL/min, 200 nm 2.0 mL/min, 200 nm
MeCN in H20 + 0.1% Isocratic flow
formic acid as mobile for 55 min;
phase, starting from 10 min at
isocratic 5% MeCN for Isocratic flow 100 %
gradient 5 min, gradient from for_ 55 min; 10 MeC_N; *! 40
5% to 95% MeCN for min at 100 % min isocratic;
32 min, and isocratic MeCN grad to 100
elution 95% MeCN for for 15 min;
10 min to afford 40 10 min at
fractions 100%




Table S18 NMR data for compounds 6, 8, 9, 10, 11, 12, 14, 16, 18, 20, and 21. Carbons missing in the deletion mutants are highlighted in gray. The
positions of each proton ID can be found in the structural assignment figure of each compound, which is indicated in the column header. In the
multiplicity column, the J-coupling of the peak in Hz is indicated in brackets. Ovlp. Indicates overlapping peaks. N.A. is not assigned.

6, structural assignment: Fig. S54 8, structural assignment: Fig. S72 9, structural assignment: Fig. S72 | 10, structural assignment: Fig. S80
D C H Muli- =y ¢ H Mult- 1y H Multi- oy o H Multi-
plicity plicity plicity plicity
1 168.9 1 168.9 - 1 168.9 - 1 168.9 -
2 1171 581 d (15.7) 2 117.1 5.80 d(15.7) 2 117.0 580 d(15.7) | 2 117.0 5.81 (1g 7
3 150.8  7.32 d (15.7) 3 150.8 731 d(15.7) 3 150.7 731 d(@57)| 3 150.9 7.32 (15d 7)
4 135.7 4 135.7 - 4 135.7 - 4 135.5 -
5 139.4 6.04 t(7.3) 5 139.3 6.04 t(7.3) 5 139.2 6.04 t(7.4) 5 139.9 6.06 t(7.1)
6 38.3 2.44 m 6 38.5 2.45 m 6 38.3 2.45 m 6 38.5 2.42
7 68.9 3.98 m 7 68.8 4.00 m 7 68.8 4.00 m 7 69.0 3.97
8 45.6 1.56 ovlp. 8 46.5 1.53 ovlp. 8 45.7 1.53 ovlip. 8 45.9 1.56
4.03- 4.03-
9 66.5 4.09 ovlip. 9 66.6 4.09 ovlip. 9 66.6 4.09 ovlp. 9 66.4 4.09
10 45.6 1.58 ovlip. 10 N.A. 10 N.A.
11 66.5 4.07 ovlp. 11 N.A. 11 N.A.
12 46.5 1.58 ovlp. 12 N.A. 12 N.A.
13 66.5 4.07 ovlip. 13 N.A. 13 N.A.
14 46.5 1.58 ovlp. 14 N.A. 14 N.A. 10 46.8 1.54
15 66.5 4.07 ovl 15 66.6 4.03- ovl 15 66.6 4.03- ovl 11 66.5 4.06
. . p. . 4.09 p. . 4.09 p. . :
16 39.7 1.48 ovlp. 16 39.4 11%55 ovip. 16 40.8 1.52 12 39.9 1.48
17 69.7 3.8 m 17 69.6 3.80 m 17 70.6 3.93 13 69.8 3.80
18 43.0 1.87 m 18 43.1 1.89 s 18 45.7 1.72 ovlip. 14 43.2 1.87
19 80.7 3.81 d (8.3) 19 81.2 3.76 d (8.7) 19 76.0 4.00 15 80.6 3.83
20 138.9 20 138.9 - 20 1348 5.56 dgéi_j 16 138.9 -




Table S18 continued

6, structural assignment: Fig. S54

8, structural assignment: Fig. S72

9, structural assignment: Fig. S72

10, structural assignment: Fig. S80

D C H Muli-— )y ¢ Hoo Mult- s oo Muti- s e oo Mult-
plicity plicity plicity plicity
21 1250 548 ovip. 21 1253 5.48 m 21 129.7 5.68 dié?s)l 17 124.8 5.48
ddd (6.9,
22 36.6 2.13 6.9, 14.4) 22 36.6 211 ovlp. 22 41.5 2.23 18 36.7 2.14
2.3 ovlp. 2.30 ovlp. 2.30
23 72.4 3.6 ovip. 23 72.6 3.60 m 23 72.3 3.60 m 19 72.3 3.60
1.35- 1.35-
24 38.0 1.45 ovlp. 24 38.1 155 ovlp. 24 38.1 155 ovlp. 20 37.6 1.47
25 27.2 1.46 ovlip. 25 N.A. 25 N.A. 21 N.A.
26
or 38.5 1.37 ovip. 26 N.A. 26 N.A. 22 N.A.
28
27 72.4 3.49 m 27 72.4 3.51 27 72.4 3.50 23 72.4 3.49
26
or 38.5 1.37 ovip. 28 N.A. 28 N.A. 24 38.4 1.38
28
30
or 38.5 1.39 ovlp. 29 N.A. 29 N.A. 25 N.A.
32
1.49 ovlp. 30 N.A. 30 N.A. 26 N.A.
31 72.4 3.54 m 31 N.A. 31 N.A. 27 72.3 3.53
30
or 38.5 1.39 ovlp. 28 38.4 1.40
32
1.49 ovlp. 29 N.A.
33 N.A.
34 N.A. 30 N.A.
35 29.8 1.32 ovip. 31 N.A.




Table S18 continued

6, structural assignment: Fig. S54 8, structural assignment: Fig. S72 9, structural assignment: Fig. S72 | 10, structural assignment: Fig. S80
D C H Muli-— )y ¢ Hoo Mult- s oo Muti- s e oo Mult-
plicity plicity plicity plicity
36 30.8 1.29 ovlp. 32 30.5 1.28 ovlp. 32 30.6 1.29 ovlp. 32 30.4 1.29
37 33.6 1.95 m 33 33.6 1.95 m 33 33.6 1.96 m 33 35.5 1.94
dt dt
38 1347 5.44 ovlp. 34 1348 543 dt(15.3) | 34 1349 5.45 (15.2) 34 134.7 5.44 (15.2)
ddd (7.0, dt dt
39 1268 5.33 7.0, 15.2) 35 126.9 535 dt(15.3) | 35 126.8 5.35 (15.2) 35 126.9 5.33 (15.2)
40 36.8 2.3 ovip. 36 36.8 2.30 m 36 36.7 2.31 m 36 36.7 2.29
241 ovlp. 2.39 m 2.40 m 2.40
a1 762 500 O (83'85)' 37 763 5.9 m |3 762 508 m |37 763 500
42 43.0 171 m 38 43 171 38 43.0 1.72 38 43.1 1.70
43 72.4 3.6 ovlp. 39 72.6 3.60 ovlp. 39 72.4 3.60 ovlp. 39 72.4 3.60
44 38.3 1.46 m 40 N.A. 40 N.A. 40 N.A.
45 N.A. 41 N.A. 41 N.A. 41 N.A.
46 30.5 1.31 ovlp. 42 N.A. 42 N.A. 42 N.A.
47 26.9 1.31 ovlp. 43 26.9 141 ovlp. 43 26.9 141 ovlp. 43 26.7 141
1.41 ovlp.
1.33- 1.33-
48 40.0 1.43 ovlip. 44 40.2 1.45 44 40.2 1.45 44 40.2 1.43
49 68.5 3.71 m 45 68.6 3.71 m 45 68.6 3.71 m 45 68.5 3.70
50 235 1.14 d (6.2) 46 235 1.14 d(6.2) | 46 235 1.14 d(6.2) | 46 235 1.14 d (6.2)
51 12.6 16?83, 47 12.6 1.83 S 47 12.6 1.83 S 47 12.7 1.83 S
52 10.6 0.97 d (6.8) 48 10.8 0.99 d(6.8) | 48 11.6 0.95 d(6.9) | 48 10.7 0.96 d (6.9)
53 11.7 1.64 brs 49 115 1.65 s 49 11.8 1.64 s
54 9.9 0.95 d (6.9) 50 9.9 0.95 d(7.0) | 49 9.9 0.94 d(7.0) | 50 9.9 0.94 d (7.0)




Table S18 continued

6, structural assignment: Fig. S54

8, structural assignment: Fig.
S72

9, structural assignment: Fig.
S72

10, structural assignment: Fig.
S80

Multi-

ID Cc H g
plicity

Multi-

ID c H o
plicity

Multi-

ID c H o
plicity

Multi-

ID c H o
plicity

unassigned C-OH

4.03-
4.09

unassigned CH:z

66.6

1.43-

46.3 1.55
1.43-

46.3 1.55
1.43-

45.4 155
1.35-

38.7 155
1.35-

38.3 155
36 1.48
1.22-

30.8 1.40
1.22-

30.8 1.40
1.22-

301 1.40
27.2 1.31
26.9 1.37
232 1.37/1

.62

unassigned C-OH

4.03-

66.6 409

more than 10 unassigned CH:2

25.0- 1.22-
46.8 1.56

unassigned C-OH

4.03-
4.09

unassigned CH:z

66.6

1.43-
46.3 155
1.43-
46.3 155
1.43-
45.4 155
1.35-
38.7 155
1.35-
38.3 155
36.0 1.48
1.22-
30.8 1.40
1.22-
30.8 1.40
1.22-
301 1.40
27.2 1.31
26.9 1.37
1.37/1.
23.2 62




Table S18 continued

‘ 11, structural assignment Fig. S80 | 12, structural assignment Fig. S82 13 14, structural assignment Fig. S94
D C H Multi- 5 oo Mult- s Multi- 1y ¢ oo Mult-
plicity plicity plicity plicity
1 168.9 - 1 168.9 - Not isolated 1 168.7
2 117.0 581 d (15.7) 2 117.0 582  d(15.7) 2 117.1 5.81 (15d 7)
3 150.9 7.32 d (15.7) 3 150.9 7.35 d(15.7)
4 135.5 - 4 135.5 -
5 1399 6.06 t(7.1) 5 140.0 6.05 t(7.2)
6 38.5 2.42 6 38.8 241
7 69.0 3.97 7 69.0 3.92
8 45.9 1.56 8 39.8 1.46
9 66.4 4.09 9 69.8 3.80
10 46.8 1.54
11 66.5 4.06
12 39.9 1.48
13 70.8 3.91
14 45.7 1.70 10 43.2 1.86
15 75.6 4.08 11 80.3 3.85 d (8.0) 3 150.5 7.32 (15d 7
dd (7.1,
16 1351 556 15.5) 12 138.9 - 4 135.7 -
dt (7.8,
17 129.4 5.67 15.5) 13 1246 5.48 5 139.0 6.03 t (7.5)
18 41.5 2.22 14 36.6 2.16 6 375 2.41
2.30 2.47
19 72.3 3.60 15 724 3.60 7 71.8 3.71
20 37.6 1.47 16 N.A. 8 N.A.




Table S18 continued

‘ 11, structural assignment Fig. S80 | 12, structural assignment Fig. S82 13 14, structural assignment Fig. S94
D C H Multi-— ¢ oo Mult- s Multi- 1y ¢ o Muld-
plicity plicity plicity plicity
21 N.A. 17 N.A. Not isolated 9 N.A.
22 N.A. 18 N.A. 10 N.A.
23 72.4 3.49 19 71.3 3.50 11 71.6 3.54
24 38.4 1.38 20 38.3 1.39 12 38.0 1.46
25 N.A. 21 N.A. 13 N.A.
26 N.A. 22 N.A. 14 N.A.
27 72.3 3.53 23 72.0 3.56 15 714 3.58
28 38.4 1.40 24 38.1 1.42 16 37.7 1.45
29 N.A. 25 N.A. 17 N.A.
30 N.A. 26 N.A. 18 N.A.
31 N.A. 27 N.A. 19 N.A.
32 304 1.29 28 30.2 1.30 20 30.3 1.31
33 35.5 1.94 29 334 1.96 21 335 1.96
34 134.7 5.44 dt (15.2) 30 1346 5.44  dt(15.3) 22 134.7 5.46 (1?3)
35 1269 5.33 dt (15.2) 31 126.9 5.34  dt(15.3) 23 126.7 5.35 (1?3)
36 36.7 2.29 32 36.7 2.16 24 36.6 2.33
2.40 2.30 241
37 76.3 5.09 33 76.4 5.09 25 76.6 5.08
38 43.1 1.70 34 43.0 1.71 26 42.9 1.72
39 72.4 3.60 35 72.4 3.58 27 72.2 3.62
40 N.A. 36 N.A. 28 36.1 1.47
41 N.A. 37 N.A. 29 27.3 1.33
42 N.A. 38 N.A. 30
43 26.7 141 39 26.9 1.32 31
44 40.2 1.43 40 40.2 1.42 32 40.2 1.43




Table S18 continued

‘ 11, structural assignment Fig. S80 | 12, structural assignment Fig. S82 13 14, structural assignment Fig. S94
D C H Multi-— ¢ oo Mt o Multi- 1y ¢ o Muld-
plicity plicity plicity plicity
45 68.5 3.70 41 68.5 3.71 Not isolated 33 68.5 3.71
46 235 1.14 d(6.2) 42 23.5 1.14 d (6.3) 34 235 1.14 d (6.3)
47 12.7 1.83 s 43 12.7 1.83 s 35 12.5 1.83
48 11.5 0.93 d (6.9) 44 10.7 0.95 d (6.9)
45 12.0 1.64 S
49 9.9 0.94 d (7.0) 46 9.9 0.94 d (6.9) 36 9.9 0.93 d (6.9)
unassigned CHz unassigned CH: unassigned CH:z
384 1.47 37.3 1.47
11 ovip. 37.9 141 37.1 1.52
375 1.57 37.0 1.40
36.0 1.47 30.8 1.28-1.41
30.8 1.34 30.1 1.28
30.5 1.31 29.8 1.28
29.8 1.25 26.9 1.43
26.6 141 26.3 1.60
22.8 1.40 22.7 1.60

22.8 1.56 21.9 1.39




Table S18 continued

15 16, structural assignment Fig. S101 17 18, structural assignment Fig. S108
D C H Multi-— 1y ¢ H Multi-— 1y ¢ Multi- 1y ¢ H Multi-
plicity plicity plicity plicity
Not detected 1 168.9 - Not isolated 1 169.0 -
2 117.1 5.80 d (15.7) 2 117.3 5.81 d (15.7)
3 150.8 7.31 d (15.7)
4 135.7 -
5 139.5 6.05 t (7.5)
6 38.2 2.44
7 69.0 3.97
8 45.6 1.58
9 66.6 4.07
10 46.2 1.54
11 66.9 4.05
12 39.3 151
13 69.6 3.79
14 43.2 1.88
15 81.0 3.78 3 150.6 7.32 d (15.7)
16 138.6 - 4 135.7 -
17 1252 547 t(7.2) 5 138.5 6.03 t (7.4)
18 36.7 212 6 36.8 2.38
231 2.56
19 72.4 3.60 7 714 3.81
20 38.0 1.44 8 36.0 1.46
21 N.A. 9
22 N.A. 10
23 72.5 3.47 11
24 38.6 1.37 12
25 N.A. 13




Table S18 continued

15 16, structural assignment Fig. S101 17 18, structural assignment Fig. S108
D C H Multi- =y ¢ H Multi-- ¢ oo Muld-s ¢ H Multi-
plicity plicity plicity plicity
Not detected 26 N.A. Not isolated 14
27 N.A. 15
28 30.8 1.27 16 30.6 1.24
29 33.7 1.94 17 33.6 1.93
30 134.8 5.43 dt (15.3) 18 134.7 5.42 dt (15.2)
31 126.8 5.33 dt (15.3) 19 127.0 5.31 dt (15.2)
32 36.9 2.29 20 37.1 2.26
33 76.2 5.10 21 76.1 5.12
34 43.2 1.70 22 43.5 1.69
35 72.4 3.60 23 72.5 3.60
36 N.A. 24
37 N.A. 25
38 N.A. 26
39 N.A. 27
40 40.1 1.43 28 40.1 1.43
41 68.5 3.71 29 68.6 3.71
42 235 1.14 d (6.2) 30 235 1.14 d (6.2
43 12.7 1.83 s 31 12.6 1.83 S
44 10.6 0.98 d (6.9)
45 11.5 1.65 S
46 9.9 0.94 d (6.9) 32 10.0 0.95 d (6.9)




Table S18 continued

15 16, structural assignment Fig. S101 17 18, structural assignment Fig. S108
D C H Multi- =1y ¢ H Multi-= |y Multi- =)y ¢ H Multi-
plicity plicity plicity plicity
Not detected unassigned CH:z Not isolated unassigned CH:z

38.6 1.33-1.52
36.0 1.48

30.9 1.20-1.41
30.7 1.20-1.41
30.4 1.20-1.41
37.2 1.42-1.56
37.1 1.42-1.56
36.9 1.42-1.56

23.3 1.63




Table S18 continued

‘ 19 20, structural assignment Fig. S105 | 21, structural assignment Fig. S105
D C H Multi- =y H Multi- =)y o H Multi-
plicity plicity plicity
Not detected 1 169.0 - 1 169.0 -
2 116.8 5.81 d (15.7) 2 116.8 5.81 d (15.7)
3 151.1 7.33 d (15.7) 3 151.1 7.33 d (15.7)
4 135.4 - 4 135.4 -
5 140.6 6.08 t(7.4) 5 140.6 6.08 t(7.4)
6 38.7 2.38 6 38.7 2.38
7 68.9 3.91 7 68.9 3.91
8 39.6 1.47 8 39.6 1.47
9 69.4 3.80 9 70.7 3.92
10 43.3 1.88 10 45.9 1.70
11 81.0 3.79 11 75.8 4.04
dd (7.2,
12 139.0 - 12 135.2 5.55 15.5)
dt (6.7,
13 125.0 5.48 13 1294 5.68 15()_5)
14 36.8 2.10 14 41.5 2.23
2.30
15 72.4 3.60 15 72.2 3.62
16 16
17 17
18 18
19 72.4 3.50 19
20 38.2 1.37 20




Table S18 continued

‘ 19 20, structural assignment Fig. S105 | 21, structural assignment Fig. S105
D C H Multi- =y H Multi- =)y o H Multi-
plicity plicity plicity
Not detected 21 21
22 22
23 23
24 30.1 1.28 24 30.1 1.28
25 33.4 1.94 25 33.4 1.94
26 1345 5.43 dt(15.2) | 26 1345 5.43 dt (15.2)
27 127.0 5.32 dt(15.2) | 27 127.0 5.32 dt (15.2)
28 36.8 2.28 28 36.8 2.28
29 76.3 5.10 29 76.3 5.10
30 43.2 1.69 30 43.2 1.69
31 72.3 3.59 31 72.3 3.59
32 32
33 33
34 34
35 26.8 141 35 26.8 1.41
36 40.2 1.43 36 40.2 1.43
37 68.5 3.71 37 68.5 3.71
38 23.5 1.14 d (6.2) 38 23.5 1.14 d (6.2)
39 12.6 1.82 S 39 12.6 1.82 S
40 10.7 0.98 d (6.9) 40 11.5 0.93 d (6.9)
41 11.6 1.64 S
42 9.9 0.94 d (6.9) 41 9.9 0.94 d (6.9)




Table S18 continued

21, structural assignment Fig. S105

19 20, structural assignment Fig. S105
ID C H M.UI.U' 1D C H M'U|.t|- D c H M'u|.t|-
plicity plicity plicity
Not detected unassigned CH:
41 9.9 0.94

38.3 1.47

38.0 1.39

37.7 1.53

36.0 1.48

30.8 1.29

30.4 1.29

30.2 1.26

29.8 1.25

29.6 1.25

27.2 1.47

26.5 1.40

23.0 1.36-

1.54




Table S19 Overview of characterization methods used for the characterization of compounds
1-21.

Compound | MS | MS/MS | TH-NMR | 13C-NMR | COSY | HMBC | HSQC

1 X

2 X X X X X X
3 X X X X X X
4 X

5 X

6 X X

7 X X

8 X X X X X X X
9 X X X X X X X
10 X X X X X X X
11 X X X X X X X
12 X X X X X X X
13 X X

14 X X X X X X X
15 X X

16 X X X X X X X
17 X X

18 X X X X X X X
19 X X

20 X X X X X X X
21 X X X X X X X
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