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EXPERIMENTAL PROCEDURES

1. General methods

Unless stated otherwise, all solvents were purified and dried according to standard methods prior to use. NMR
spectra were recorded on Bruker AV-400 and AV-500. 'H NMR spectra were referenced relative to
tetramethylsilane signals or residual solvent signals. Data for "H NMR are reported as follows: chemical shift (3,
ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sex = sextet, m = multiplet or
unresolved, br = broad singlet, coupling constant (s) in Hz, integration). Data for *C NMR are reported in terms
of chemical shift (6, ppm). High-resolution mass spectra (HRMS) for new compounds were recorded on an

Agilent LC/MSD TOF mass spectrometer.

2. Strains and culture conditions

Beauveria bassiana ARSEF 2860 was grown on PDA (potato dextrose agar, BD) at 28 °C for 3 days for cell
proliferation or in liquid PDB medium (PDA medium without agar) for isolation of genomic DNA. Aspergillus
nidulans A1145"' was grown at 28 °C in CD media (I L: 10 g Glucose, 50 mL 20 x Nitrate salts, 1 mL Trace
elements, pH 6.5, and 20 g/L Agar for solid cultivation) for sporulation or in CD-ST media (1L: 20 g Starch, 20 g
Casamino acids, 50 mL 20 x Nitrate salts, 1 mL Trace elements, pH 6.5) for heterologous expression of gene
cluster, compound production and RNA extraction. For the preparation of 20 x Nitrate salts, 120 g NaNOs, 10.4 g
KCl, 10.4 g MgS04+7H,0, 30.4 g KH,PO4 were dissolved in 1 L double distilled water. The 100 mL trace
elements with pH 6.5 contained 2.20 g ZnSO4*7H,0, 1.10 g H3;BOs, 0.50 g MnCl,*4H,0, 0.16 g FeSO4+7H-0,
0.16 g CoCly*5H,0, 0.16 g CuSO4+5H,0, and 0.11 g (NH4)sM0702424H,0.% All Escherichia coli strains were
cultured in LB media at 37 °C, and yeast strains were cultured in YPD (yeast extract 1%, peptone 2%, glucose 2%)
media at 28 °C.
3. General DNA manipulation techniques

All DNA manipulations in this study were conducted according to manufacturer’s protocol. E. coli TOP10
and E. coli XL-1 were used for cloning, following standard recombinant DNA techniques. DNA restriction
enzymes were used as recommended by the manufacturer (New England Biolabs, NEB). PCR was performed
using Phusion High-Fidelity DNA Polymerase (NEB). The gene-specific primers are listed in Table S2. PCR
products were confirmed by DNA sequencing. E. coli BL21 (DE3) (Novagen) was used for protein expression.
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4. Preparation of protoplast of A. nidulans

A. nidulans A1145 was initially grown on CD agar plates containing 10 mM uridine, 5 mM uracil, 0.5 pg/ml
pyridoxine HCI and 2.5 pg/ml riboflavin at 30 °C for 5 days. Fresh spores of 4. nidulans A1145 were inoculated
into 50 mL liquid CD media in 250 mL flask and germinated at 30 °C, 250 rpm for approximately 16 h. Mycelia
were harvested by centrifugation at 3500 rpm for 10 min, and washed with 10 mL osmotic buffer (1.2 M MgSOs.,
10 mM sodium phosphate, pH 5.8). Then the mycelia were transferred into 10 mL of osmotic buffer containing 30
mg Lysing enzymes from Trichoderma and 20 mg Yatalase in a 125 mL flask. The flask was kept in shaker at 80
rpm for 4-6 h at 30 °C. Cells were collected in a 30 mL Corex tube and overlaid gently by 10 mL of trapping
buffer (0.6 M sorbitol, 0.1 M Tris-HCI, pH 7.0). After centrifugation at 3500 rpm for 15 min at 4 °C, protoplasts
were collected in the interface of the two buffers. The protoplasts were then transferred to a sterile 15 mL falcon
tube and washed by 10 mL STC buffer (1.2 M sorbitol, 10 mM CaCl,, 10 mM Tris-HCI, pH 7.5). The protoplasts
were then resuspended in 1 mL STC buffer for transformation.’
5. Heterologous expression of the PKS gene cluster in A. nidulans

To construct pPDWG1001 plasmid, full length desA was amplified by PCR with three sets of primers of

pDWG1001-F1/R1, pDWG1001-F2/R2, pDWG1001-F3/R3. GpdA (pYTP) was amplified by PCR with primers
of pPDWG1001-F4/R4. Full length decsB was amplified by PCR with one pair of primers of pDWG1001-F5/R5.
These five overlapping DNA fragments and Pacl/Swal-digested pY TP expression vector’ were transformed into
yeast for homologous recombination. The correct colonies checked by PCR were combined, and subjected to
yeast miniprep to obtain a small amount of plasmids. The plasmids obtained from yeast miniprep were introduced
into Escherichia coli XL-1-Blue by electroporation. Single E. coli colony was cultured and minipreped to obtain
pDWG1001, which was confirmed by sequencing. pDWG1002, pDWG1003 and pDWG1004 were generated
following the same protocol of pPDWG1001. DNA sequencing was used to confirm the identities of the expression
plasmids. The plasmids used for the heterologous expression are illustrated in Table S3 and Figure S1.

After obtaining the plasmids, the plasmids were added to 60 puL A. nidulans A1145 protoplast suspension
prepared above and the mixture was incubated for 60 min on ice. Then 600 puL of PEG solution at pH 7.5 (60%
PEG, 50 mM calcium chloride and 50 mM Tris-HCI) was added to the protoplast mixture, followed by additional

incubation at room temperature for 20 min. The mixture was spread on the regeneration medium (CD solid
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medium with 1.2 M sorbitol and appropriate supplements: 10 mM uridine, 5 mM uracil or/and 0.5 pg/mL
pyridoxine HCI or/and 2.5 ug/mL riboflavin according to the transformed plasmids) and incubated at 30 °C for
2-3 days.

6. Analysis of metabolites and isolation of compounds

For small scale analysis, the transformants of 4. nidulans strains were grown in CD-ST for 3 days and then
extracted with ethyl acetate. The extract was evaporated to remove ethyl acetate and dissolved in methanol for
LC-MS analysis.

For isolation of compounds (diplodialide-B 2a and decarestricitne C1 1), the transformants of 4. nidulans
strains were grown for 4-5 days in 4 L liquid CD-ST and then filtered to collect the cells from liquid culture. The
cells were extracted with 1 L acetone, filtered and acetone was evaporated. The remaining residue was extracted
with ethyl acetate three times followed by removal of the organic solvent by evaporation. The crude extracts were
subjected to silica gel column purification. Fractions containing pure target component were evaporated and dried.
2a and 1 were dissolved in chloroform-d; or methanol-d4 for NMR analysis. A single crystal of 1 was obtained
through slow evaporation from its solution in ethyl acetate and hexane. The structure and absolute configuration
were determined by X-ray crystallography.

7. Expression and purification of DcsB from E. coli BL.21 (DE3) for in vitro reaction

The gene encoding DcsB was amplified by PCR from cDNA with a pair with primer pPDWG1005-F/R. The
PCR product of target genes and pET28a (+) vector (N-his tag) were assembled using GeneArt Seamless Cloning
and Assembly kit according to the manufacturer's instructions. The resulting recombinant plasmid (See Table S3)
was confirmed by sequencing. The plasmid was transferred into E. coli BL21 (DE3) for protein overexpression.
The single colony was grown overnight in 5 mL LB with 50 pg/mL kanamycin at 37 °C. Then 5 mL of the
inoculum was used as seed culture to 1 L of LB medium with 50 pg/mL of kanamycin and grown at 37 °C to an
ODggo of 0.6~0.8 and protein expression was induced by the addition of isopropyl-p-D-thiogalactopyranoside
(IPTG) at a final concentration of 100 uM, followed by further incubation for 18-24 h at 16 °C. The cultures were
centrifuged for 15 min at 5000 rpm at 4 °C, and the cell pellet was resuspended in 40 mL of lysis buffer (50 mM
Tris-HCI, 300 mM NaCl, 5% glycerol, pH 8.0) and lysed on ice by sonication. The lysate was centrifuged at

15000 rpm for 25 min at 4 °C to remove the cellular debris. One-step purification of the recombinant His6-tagged
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fusion DcsB from soluble protein by affinity chromatography with Ni-NTA agarose resin (Qiagen) was carried
out according to the manufacturer’s instructions. Purified DcsB was concentrated and exchanged into storage
buffer (50 mM Tris-HCI, 300 mM NaCl, 5% glycerol, pH 8.0, wash at least four times) with Centriprep filters
(Amicon). The purified DcsB was checked by SDS-PAGE. Bradford Protein Assay (Bio-Rad) was used to
calculate protein concentration and stored at -80°C in buffer (50 mM Tris-HCl, 300 mM NacCl, 5% glycerol, pH
8.0).
8. Expression and purification of DcsB for protein crystallization

The recombinant plasmid pDWG1005 was transferred into E. coli BL21 (DE3) for overexpression. The single
colony was grown overnight in 5 mL LB with 50 pg/mL kanamycin at 37 °C. Then 5 mL of the inoculum was
used as seed culture to 1 L of LB medium with 50 pg/mL of kanamycin and grown at 37 °C to an ODgy of
0.6~0.8 and protein expression was induced by the addition of isopropyl-p-D-thiogalactopyranoside (IPTG) to a
final concentration of 200 uM, followed by further incubation for 18 h at 16 °C. The
selenomethionine-derivatized (Se-Met) DcsB was overexpressed in E. coli B834 (DE3) in M9 medium with 50
pg/mL of kanamycin and grown at 37 °C to an ODsg of 0.6~0.8. After supplementation with 50 mg/L
L-(+)-selenomethionine (J&K Scientific), Se-Met protein expression was induced by the addition of 0.2 mM
IPTG, followed by further incubation for 18 h at 16 °C. The cultures were centrifuged for 5 min at 8000 rpm at
4 °C, and the cell pellets were resuspended in buffer (25 mM Tris-HCI, 500 mM NaCl, 5 mM fS-mercaptoethanol,
pH 8.0) and lysed by French press with a high-pressure homogenizer (60-100 MPa). The lysate was centrifuged at
15000 rpm for 25 min at 4 °C to remove the cellular debris. Soluble protein was loaded onto a Ni-NTA affinity
column (GE) and eluted with a buffer containing 25 mM Tris-HCI, 500 mM NaCl, 300 mM imidazole, 5 mM
f-mercaptoethanol, pH 8.0. Purified DcsB was concentrated with Amicon Ultracel-30 and was then subjected to a
HiLoad Superdex 200 column (GE Healthcare) in a buffer containing 25 mM Tris-HCI, 150 mM NaCl, 5 mM
DTT, pH 8.0. Fractions that contained DcsB were collected and concentrated for crystallization and activity assay.
Mutants of DcsB were purified by the same method.
9. Protein crystallization

Crystal screening was performed at 16 °C by the sitting-drop vapor diffusion method in 2 pL. drops containing

an 1:1 mixture of the protein solution (10 mg/mL) and a reservoir solution and equilibrated against 50 pL
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reservoir solution. Native DcsB crystals were obtained under conditions of 0.1M MIB, 25% PEG 1500, pH 7.0
after 2~3 days.

Crystals of the Se-Met DcsB were produced under conditions of 10 % (w/v) PEG 4000, 20 % (w/v)
isopropanol after 2~3 days. The DcsB-substrate complexes were crystallized using the sitting drop vapor diffusion
method at 16 °C. Purified DcsB (10 mg/mL) was incubated with 3.0 mM compound dissolved with DMSO in
buffer containing 25 mM Tris-HCl, 150 mM NaCl, 5 mM DTT, pH 8.0 on ice for 30 min. The DcsB-4a-2'
complex crystals were obtained under conditions of 0.1M MMT, 25% PEG 1500, pH 7.0 after 2~3 days.

All crystals were flash-frozen in liquid nitrogen by using reservoir solution containing 10% (v/v) glycerol as
cryo-protectant.

10. Data collection and structure determination

All X-ray diffraction data were collected at the Shanghai Synchrotron Radiation Facility (SSRF). For Se-Met
DcsB and DcsB-4a-2' complex, data were collected at beamline BL19U1 (A = 0.97855 A). For native DcsB, data
were collected at beamline BL18U1 (A = 0.97930 A). The diffraction data of native DcsB and DcsB-4a-2' were
indexed integrated and scaled using the HKL3000 package® while others were processed with XDS,° and scaled
and merged using AIMLESS from the CCP4 program suite.’

Structure of Se-Met-DcsB was determined by single-wavelength anomalous dispersion (SAD). 45 selenium
positions were located in one asymmetric unit by Autosol with the PHENIX package and an initial model was
built automatically using Autobuild.® The structures of native DcsB and other DcsB complexes were determined
by molecular replacement with the program Phaser’ using the structure of SeDcsB as the search model. Iterative
cycles of model rebuilding and refinement were achieved using PHENIX® and COOT."°

Detailed statistics for data collection and refinement are presented in Supplementary Table S7. All protein
structure figures were prepared using the program PyMol 1.3 (Schrédinger, LLC)."

11. Construction of expression plasmid of DcsB mutant

To construct the expression plasmid pDWG1006 of S114C mutant, the plasmid pDWG1005 containing the
wild-type dcsB gene was used as the template for PCR-based site-directed mutagenesis. The primers of
pDWG1006-F1/F2 were used for S114C (Table S2), and the resulting fragments were then digested by Dpn I to

remove the parental DNA, and the digested products were directly used to transform E. coli DH5a. The correct
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mutations were confirmed by sequencing. The procedures are the same for other mutants.
12. Ultracentrifugation analysis of DcsB

The sedimentation velocity data were collected on a Beckman Optima AUC analytical ultracentrifuge
equipped with an eight-cell rotor under 35000 rpm at 4 °C. The partial specific volume of different protein
samples and the buffer density were calculated using the program SEDNTERP (http://www.rasmb.bbri.org/).
Data were analyzed and fitted to a continuous sedimentation coefficient distribution model using the program

SEDFIT."

13. General procedure for the biocatalytic synthesis of cyclic polyketides by using DcsB as catalyst

13.1 General procedure for the synthesis of substrates'>'*

Synthesis of 4a, 4a-1, 4a-2. 4a-3

0
. = OMe EDCI (1.4 equiv.) - OMe O
(L/Oé NaCH (15 equw.)= HOW)\/COOH + RSH DMAP (1.2 equiv.) - HO;\/\/WLSR
NX~"104  THF/MeOH DIPEA (1.4 equiv.), DCM
75°C 4a-1, 4a-2, 4a-3, 4a

2a

THF (3.0 mL/mmol) was added to a vial containing of 2a (1 equiv.) followed by addition of NaOH solution
(4.7 mM, dissolved in water, 15 equiv.). Methanol and THF (1:1) were added dropwise until a homogeneous
solution was obtained. The reaction mixture was refluxed at 76 °C for 12 hours and then allowed to room
temperature. The reaction was quenched by the addition of 1M HCI to a pH of 2 and extracted with EtOAc three
times, the combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The crude
residue was used directly in the next step without further purification.

A reaction vial containing a Teflon-coated magnetic stir bar and the crude residue from the previous step (1
equiv.) was charged with CH,ClI, (0.01 mM) and cooled to 0 °C. Thiol (1.4 equiv.), EDCI (1.4 equiv.), DMAP (1.2
equiv.) and DIPEA (1.4 equiv.) were then added to the reaction mixture in succession. The reaction mixture was
stirred at room temperature overnight and then water was added. The aqueous layer was extracted with CH,Cl,
three times. The combined organic layers were dried over Na,SOs, filtered and concentrated under reduced
pressure. Purification using flash silica gel column chromatography (ethyl acetate/hexanes or methanol = 1/2 to

1/1 or 15/1, v/v) gave the product 4 as a colorless oil.
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g OH Q H (2-acetamidoethyl)-(35,9R,E)-3,9-dihydroxydec-4-encthioate (4a-1):

O  Purification using preparative TLC (ethyl acetate/methanol = 15/1, v/v) gave

the product as a colorless oil (11.0 mg, 38% yield in overall two steps). [a]p*> = —10.8 (¢ = 1.0 Chloroform). 'H
NMR (500 MHz, CDCls) 6 6.13 (br, 1H), 5.77-5.67 (m, 1H), 5.48 (ddt, J=15.4, 6.6, 1.4 Hz, 1H), 4.60-4.50 (m,
1H), 3.83-3.73 (m, 1H), 3.49-3.38 (m, 2H), 3.10-2.98 (m, 2H), 2.85-2.72 (m, 2H), 2.29 (s, 2H), 2.10-2.00 (m,
2H), 1.97 (s, 3H), 1.52-1.36 (m, 4H), 1.18 (d, J = 6.2 Hz, 3H). *C NMR (125 MHz, CDCl3) § 198.6, 170.7,
132.6, 130.7, 69.6, 67.9, 51.1, 39.3, 38.6, 32.0, 28.8, 25.1, 23.5, 23.1. HRMS (ESI-TOF) calcd for Ci4H2sNNaO4S

[M+Na]": 326.1397, Found: 326.1404.

OH O

/\/\/\/y\)j\ /\)L Methyl 3-{[(3S,9R,E)-3,9-dihydroxydec-4-enoyl]thio}propanoate (4a-2):

Purification using preparative TLC (ethyl acetate/hexanes = 1/2 to 1/1, v/v)
gave the product as a colorless oil (6.0 mg, 18% yield in overall two steps). [a]p?> = —10.2 (¢ = 1.0 Chloroform).
'"H NMR (500 MHz, CDCl3) 8 5.76-5.58 (m, 1H), 5.41 (ddt, J = 15.4, 6.6, 1.5 Hz, 1H), 4.47 (q, J = 6.3 Hz, 1H),
3.78-3.68 (m, 1H), 3.63 (s, 3H), 3.08 (t, J = 6.9 Hz, 2H), 2.74-2.67 (m, 2H), 2.57 (t, /= 7.0 Hz, 2H), 1.99 (q, J =
6.9 Hz, 2H), 1.77 (s, 2H), 1.47-1.29 (m, 4H), 1.12 (d, J = 6.2 Hz, 3H). *C NMR (125 MHz, CDCl;) & 198.3,
172.0, 132.7, 130.6, 69.5, 68.0, 52.0, 50.8, 38.7, 34.1, 32.0, 25.1, 24.1, 23.5. HRMS (ESI-TOF) calcd for

C14H24NaOsS [M+Na]": 327.1237, Found: 327.1251.

OH O

o /\)L Ethyl 3-{[(3S,9R,E)-3,9-dihydroxydec-4-enoyl]thio} propanoate (4a-3):

Purification using preparative TLC (ethyl acetate/hexanes = 1/2 to 1/1, v/v)
gave the product as a colorless oil (20.5 mg, 34% yield in overall two steps). [a]p*> = —10.8 (c = 0.5 Chloroform).
'"H NMR (500 MHz, CDCls) & 5.74-5.59 (m, 1H), 5.41 (ddt, J = 15.3, 6.6, 1.5 Hz, 1H), 4.47 (q, J = 6.2 Hz, 1H),
4.09 (q, J=7.1 Hz, 2H), 3.77-3.67 (m, 1H), 3.08 (t, J = 7.0 Hz, 2H), 2.73-2.67 (m, 2H), 2.56 (t, /= 7.0 Hz, 2H),
2.48 (s, 1H), 1.99 (q, J = 6.9 Hz, 2H), 1.49-1.29 (m, 4H), 1.20 (t, J= 7.1 Hz, 3H), 1.12 (d, J = 6.2 Hz, 3H). 3C
NMR (125 MHz, CDCl3) ¢ 198.3, 171.6, 132.6, 130.6, 69.5, 68.0, 60.9, 50.8, 38.7, 34.3, 32.0, 25.1, 24.1, 23.6,

14.2. HRMS (ESI-TOF) calcd for CisH26NaOsS [M+Na]™: 341.1393, Found: 341.1393.

o /\/\/w?\s/\ji\o/\/\ Butyl 3-{[(3S,9R,E)-3,9-dihydroxydec-4-enoyl|thio } propanoate

(4a): Purification using preparative TLC (ethyl acetate/hexanes = 1/2

to 1/1, v/v) gave the product as a colorless oil (22.7 mg, 31% yield in overall two steps). [a]p**> = -16.2 (¢ = 0.5
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Chloroform). '"H NMR (500 MHz, CDCls) § 5.72-5.58 (m, 1H), 5.41 (ddt, J= 15.4, 6.6, 1.5 Hz, 1H), 4.47 (q, J =
6.6 Hz, 1H), 4.03 (t, J = 6.7 Hz, 2H), 3.78-3.65 (m, 1H), 3.07 (t, J = 7.0 Hz, 2H), 2.71-2.69 (m, 2H), 2.56 (t, J =
7.0 Hz, 3H), 2.03-1.93 (m, 2H), 1.59-1.49 (m, 2H), 1.47-1.25 (m, 6H), 1.12 (d, J = 6.2 Hz, 3H), 0.87 (t, J = 7.4
Hz, 3H). 3C NMR (125 MHz, CDCL3) § 198.3, 171.7, 132.6, 130.6, 69.5, 67.9, 64.8, 50.8, 38.7, 34.3, 32.0, 30.6,

25.1,24.1,23.5, 19.1, 13.7. HRMS (ESI-TOF) calcd for C17H30NaOsS[M+Na]": 369.1706, Found: 369.1707.

Svynthesis of 4b

(0] (0]
. = OMe
MeOTf (2 equiv. i H
X “IoH 2, 6-dibutylpyridine (2 equiv.) “OMe ~ THF/MeOH

DCM, 0°C to rt 2b: 34 mg, 57% 75°C

2a

0 EDCI (1.4 equiv.) OMe O

- 0
DMAP (1.2 equiv.) H N
+ HS/\)LO”Bu > Lo S/\)LO"Bu

DIPEA (1.4 equiv.), DCM
(1.4 equiv.) 4b: 16.8 mg, 56%

To a reaction tube containing a Teflon-coated magnetic stir bar were added 2a (54 mg, 0.30 mmol, 1.0
equiv.), CH.Clo/PhMe (2:1, 3 mL) and cooled to 4 °C under N, atmosphere. 2,6-Di-t-butylpyridine (114.8 mg,
0.60 mmol, 2.0 equiv.) was added followed by methyl trifluoromethanesulfonate (98.5 mg, 0.60 mmol, 2.0 equiv)
and stirred for 72 h at 4 °C. The reaction was quenched with saturated NH4Cl solution and extracted with CH,Cl,
three times. The combined organic extracts were washed with brine, then filtered through a pad of celite and
concentrated under reduced pressure. Purification using silica gel column chromatography (ethyl acetate/hexanes
= 1/10, v/v) gave the product 2b as a colorless oil (34 mg, 57% yield).

0.5 mL THF was added to a vial containing 34 mg of 2b followed by addition of NaOH solution (48.1 mg,
dissolved in 0.26 mL water, 7.0 equiv.). Methanol and THF (1:1) were added dropwise until a homogeneous
solution was obtained. The reaction mixture was refluxed at 75 °C for 12 hours and then allowed to room
temperature. The reaction was quenched by the addition of 1M HCI to a pH of 2 and extracted with EtOAc three
times, the combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The crude
residue was used directly in the next step without further purification.

A reaction vial containing a Teflon-coated magnetic stir bar and the crude residue from the previous step
(18.0 mg, 0.083 mmol, 1 equiv.) was charged with CH.Cl, (8.0 mL) and cooled to 0 °C. Butyl

3-mercaptopropanoate (18.9 mg, 0.117 mmol, 1.4 equiv.) was added to the flask. EDCI (22.4 mg, 0.117 mmol, 1.4
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equiv.), DMAP (12.2 mg, 0.1 mmol, 1.2 equiv.) and DIPEA (15.0 mg, 0.116 mmol, 1.4 equiv.) were then added to
the reaction mixture in succession. The reaction mixture was stirred at room temperature overnight and then water
(15 mL) was added. The aqueous layer was extracted with CH,Cl, (3 x 15 mL). The combined organic layers
were dried over Na,SOs, filtered and concentrated under reduced pressure. Purification using flash silica gel
column chromatography (ethyl acetate/hexanes = 1/2, v/v) gave the product 4b as a colorless oil (16.8 mg, 56%
yield over two steps). [o]p*> = —7.2 (¢ = 1.0 Chloroform). '"H NMR (400 MHz, CDCls) § 5.79-5.58 (m, 1H), 5.27
(ddt, J=15.4, 8.2, 1.4 Hz, 1H), 4.08 (t,J = 6.7 Hz, 2H), 4.04-3.95 (m, 1H), 3.84-3.73 (m, 1H), 3.23 (s, 3H), 3.11
(td, J=17.0, 1.8 Hz, 2H), 2.83 (dd, J = 14.8, 7.9 Hz, 1H), 2.68-2.55 (m, 3H), 2.15-1.96 (m, 2H), 1.68-1.54 (m,
3H), 1.53-1.28 (m, 6H), 1.17 (d, J = 6.1 Hz, 3H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz, CDCI3) & 196.4,
171.7, 135.1, 128.6, 78.7, 67.8, 64.7, 56.1, 50.0, 38.6, 34.4, 32.0, 30.6, 25.1, 24.0, 23.5, 19.1, 13.7. HRMS

(ESI-TOF) caled for CsH3,NaOsS[M+Na]™: 383.1863, Found: 383.1865.

Synthesis of 4¢

0 0
NaOH , : oH O
0 10% Pd/C, MeOH 0 aOH (7 equiv.) A~~~ N
—_— —————— > Ho OH
Ny RT "oy THF/MeOH

o]
2a 2¢: 26.0 mg, 56% 75°C

o} EDCI (1.4 equiv.)

z OH O 0
/\)J\ DMAP (1.2 equiv.) /\/\/\)\)J\ /\)J\
+ HS 0"Bu > HO S 0"Bu

DIPEA (1.4 equiv.), DCM

4c: 13.6 mg, 28% yield
in overall two steps

Diplodialide-B 2a (46 mg, 0.25 mmol, 1.0 equiv.) was added to a reaction tube containing a Teflon-coated
magnetic stir bar. Methanol (2 mL) and Pd/C (26.7 mg, 10% on activated carbon) were added successively. The
resulting mixture was stirred at room temperature under 1 atm H; atmosphere until full conversion (as monitored
by LC-MS). The reaction mixture was filtered through a pad of celite, and concentrated under reduced pressure.
Purification using flash silica gel column chromatography (ethyl acetate/hexanes = 1/2, v/v) gave the product 2¢

as a colorless oil (26.0 mg, 56% yield).

0.31 mL THF was added to a vial containing 26.0 mg of 2¢ followed by addition of NaOH solution (39.1 mg,
dissolved in 0.22 mL water, 7.0 equiv.). Methanol and THF (1:1) were added dropwise until a homogeneous

solution was obtained. The reaction mixture was refluxed at 75 °C for 12 hours and then allowed to room
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temperature. The reaction was quenched by the addition of 1M HCI to a pH of 2 and extracted with EtOAc three
times, the combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The crude
residue was used directly in the next step without further purification.

A reaction vial containing a Teflon-coated magnetic stir bar and the crude residue from the previous step
(25.0 mg, 0.16 mmol, 1 equiv.) was charged with CH,Cl, (8.0 mL) and cooled to 0 °C. Butyl
3-mercaptopropanoate (35.5 mg, 0.22 mmol, 1.4 equiv.) was added to the flask. EDCI (42.0 mg, 0.22 mmol, 1.4
equiv.), DMAP (23.1 mg, 0.19 mmol, 1.2 equiv.) and DIPEA (28.3 mg, 0.22 mmol, 1.4 equiv.) were then added to
the reaction mixture in succession. The reaction mixture was stirred at room temperature overnight and then water
(15 mL) was added. The aqueous layer was extracted with CH,Cl, (3 x 15 mL). The combined organic layers
were dried over Na,SOs, filtered and concentrated under reduced pressure. Purification using flash silica gel
column chromatography (ethyl acetate/hexanes = 1/2, v/v) gave the product 4c¢ as a colorless oil (13.6 mg, 28%
yield over two steps). [0]p*> = —17.8 (c = 1.0 Chloroform). '"H NMR (500 MHz, CDCl;) & 4.10-3.87 (m, 3H),
3.80-3.61 (m, 1H), 3.15-2.99 (m, 2H), 2.75-2.46 (m, 4H), 1.90 (s, 2H), 1.61-1.49 (m, 2H), 1.48-1.18 (m, 10H),
1.15-1.03 (m, 3H), 0.94-0.70 (m, 3H). 3C NMR (125 MHz, CDCl;) & 199.2, 171.7, 68.6, 68.1, 64.8, 50.7, 39.2,
36.4, 34.3, 30.6, 29.4, 25.7, 25.4, 24.1, 23.5, 19.1, 13.7. HRMS (ESI-TOF) calcd for Ci7H3,NaOsS [M+Na]":

371.1863, Found: 371.1863.

Synthesis of 4d

0 0 0
(L/o\)i 10% Pd/C, MeOH é{i DIAD, PPhs (L/cij\ 0 NaOH (15 equiv.)
X 0H RT "o CICH,COOH OJK/C' TH;;I\{I)eCOH
2a 2c¢: 76.0 mg, 75%

EDCI (1.2 equiv.)
; oH o DMAP (1.1 equiv.)

z OH O (e}
H H butyl 3-mercaptopropanoate (1.3 equiv. /\/\/\/-\)J\
Ho/-\/\/\/-\)J\OH y ptoprop (13eq )= HO s/\)Lo"Bu

DIPEA (1.2 equiv.), DCM 4d: 30 mg, 21% yield in
overall three steps

Diplodialide-B 2a (100 mg, 0.54 mmol, 1.0 equiv.) was added to a reaction tube containing a Teflon-coated
magnetic stir bar. Methanol (3 mL) and Pd/C (58.0 mg, 10% on activated carbon) were added successively. The
resulting mixture was stirred at room temperature under 1 atm H, atmosphere until full conversion (as monitored

by LC-MS). The reaction mixture was filtered through a pad of celite, and concentrated under reduced pressure.
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Purification using flash silica gel column chromatography (ethyl acetate/hexanes = 1/2, v/v) gave the product 2¢

as a colorless oil (76.0 mg, 75% yield).

2¢ (76 mg, 0.41 mmol, 1.0 equiv.) was added to a reaction tube containing a Teflon-coated magnetic stir bar.
Toluene (4 mL) and CICH,COOH (191.7 mg, 2.04 mmol, 5.0 equiv.) and PPhs3 (534.7 mg, 2.04 mmol, 5.0 equiv.)
were added successively. The reaction mixture was cooled to 0 °C and DIAD (412.5 mg, 2.04 mmol, 5 equiv.)
was added dropwise. Then allowed to room temperature and stir overnight. After 20 h, quenched with 8§ mL
water, extracted with EtOAc three times, the combined organic extracts were dried over Na,SO4 and concentrated

under reduced pressure. The crude residue was used directly in the next step without further purification.

1.0 mL THF was added to a vial containing the crude mixture obtained above followed by addition of NaOH
solution (275 mg, dissolved in 1.58 mL water, 15 equiv.). Methanol and THF (1:1) were added dropwise until a
homogeneous solution was obtained. The reaction mixture was refluxed at 75 °C for 12 hours and then allowed to
room temperature. The reaction was quenched by the addition of 1M HCI to a pH of 2 and extracted with EtOAc
three times, the combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The
crude residue was used directly in the next step without further purification.

A reaction vial containing a Teflon-coated magnetic stir bar and the crude residue from the previous step
(66.0 mg, 032 mmol, 1 equiv.) was charged with CHCl, (8.0 mL) and cooled to 0 °C. Butyl
3-mercaptopropanoate (68.1 mg, 0.42 mmol, 1.3 equiv.) was added to the flask. EDCI (73.6 mg, 0.38 mmol, 1.2
equiv.), DMAP (43.0 mg, 0.35 mmol, 1.1 equiv.) and DIPEA (49.6 mg, 0.38 mmol, 1.2 equiv.) were then added to
the reaction mixture in succession. The reaction mixture was stirred at room temperature overnight and then water
(15 mL) was added. The aqueous layer was extracted with CH,Cl, (3 x 15 mL). The combined organic layers
were dried over Na,SOg, filtered and concentrated under reduced pressure. Purification using flash silica gel
column chromatography (ethyl acetate/hexanes = 1/1, v/v) gave the product 4d as a colorless oil (30.0 mg, 21%
yield over three steps). [a]p** = +37.8 (c = 0.5 Chloroform). '"H NMR (500 MHz, CDCl) § 4.07 (t, J = 6.7 Hz,
2H), 4.05-3.98 (m, 1H), 3.80-3.70 (m, 1H), 3.12 (t, J = 6.9 Hz, 2H), 2.77 (s, 1H), 2.74-2.56 (m, 4H), 1.67—-1.54
(m, 3H), 1.52-1.25 (m, 12H), 1.15 (d, J = 6.2 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H). C NMR (125 MHz, CDCls) §
199.1, 171.7, 68.6, 68.0, 64.8, 50.8, 39.2, 36.5, 34.3, 30.6, 29.4, 25.6, 25.3, 24.1, 23.5, 19.1, 13.7. HRMS

(ESI-TOF) caled for Ci7H3,NaOsS [M+Na]": 371.1863, Found: 371.1862.
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Svynthesis of 4¢

(0] o o
(6] 10% Pd/C, MeOH éoé MeOTf (1.4 equiv.) o é(é
N —— >
‘OH RT "0 2,6-dibutylpyridine (1.4 equiv.) “"OMe

2a 2 DCM, 0°C to rt 2
) _ 0 EDCI (1.2 equiv.)
NaOH (15 equiv.) OMe O M DMAP (1.1 equiv.)
LTS G & S o -
THF/MeOH HO OH DIPEA (1.2 equiv.), DCM
75°C

. (1) DIAD, PPh, OMe O
Mej\ /\)CJ)\ —»ClCHchOH w
HO S 0"Bu HO OH
(2) NaOH (15 equiv.)
THF/MeOH

75°C

0 EDCI (1.2 equiv.) OMe O O
DMAP (1.1 equiv) w
+ HS/\)LO"Bu > 1o S/\)LO"BU

DIPEA (1.2 equiv.), DCM

4e: 13.5 mg, 3% yield
in overall seven steps

Diplodialide-B 2a (220.9 mg, 1.2 mmol, 1.0 equiv.) was added to a reaction tube containing a Teflon-coated
magnetic stir bar. Methanol (4 mL) and Pd/C (128.2 mg, 10% on activated carbon) were added successively. The
resulting mixture was stirred at room temperature under 1 atm H, atmosphere until full conversion (as monitored
by LC-MS). The reaction mixture was filtered through a pad of celite, and concentrated under reduced pressure.
Purification using flash silica gel column chromatography (ethyl acetate/hexanes = 1/2, v/v) gave the product 2¢

as a colorless oil (115.0 mg, 51% yield).

To a reaction tube containing a Teflon-coated magnetic stir bar were added 2¢ (115.0 mg, 0.62 mmol, 1.0
equiv.), CH>Cl,/PhMe (2:1, 4.5 mL) and cooled to 4 °C under N, atmosphere. 2,6-Di-t-butylpyridine (166.4 mg,
0.87 mmol, 1.4 equiv.) was added followed by methyl trifluoromethanesulfonate (142.0 mg, 0.87 mmol, 1.4 equiv)
and stirred for 72h at 4 °C. The reaction was quenched with saturated NH4Cl solution and extracted with CH,Cl,
three times. The combined organic extracts were washed with brine, then filtered through a pad of celite and
concentrated under reduced pressure. The crude residue was used directly in the next step without further
purification.

1.0 mL THF was added to a vial containing the crude mixture obtained above followed by addition of NaOH

solution (282 mg, dissolved in 1.62 mL water, 15 equiv.). Methanol and THF (1:1) were added dropwise until a
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homogeneous solution was obtained. The reaction mixture was refluxed at 75 °C for 12 hours and then allowed to
room temperature. The reaction was quenched by the addition of 1M HCI to a pH of 2 and extracted with EtOAc
three times, the combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The
crude residue was used directly in the next step without further purification.

A reaction vial containing a Teflon-coated magnetic stir bar and the crude residue from the previous step
(60.0 mg, 0.28 mmol, 1 equiv.) was charged with CH,Cl, (10 mL) and cooled to 0 °C. Butyl
3-mercaptopropanoate (58.5 mg, 0.36 mmol, 1.3 equiv.) was added to the flask. EDCI (64.0 mg, 0.33 mmol, 1.2
equiv.), DMAP (37.4 mg, 0.31 mmol, 1.1 equiv.) and DIPEA (43.1 mg, 0.33 mmol, 1.2 equiv.) were then added to
the reaction mixture in succession. The reaction mixture was stirred at room temperature overnight and then water
(15 mL) was added. The aqueous layer was extracted with CH,Cl, (3 x 15 mL). The combined organic layers
were dried over Na,SQOys, filtered and concentrated under reduced pressure. The crude residue was used directly in
the next step without further purification.

The above residue (64.0 mg, 0.18 mmol, 1.0 equiv.) was added to a reaction tube containing a Teflon-coated
magnetic stir bar. Toluene (5 mL) and CICH,COOH (82.9 mg, 0.88 mmol, 5.0 equiv.) and PPh; (231.4 mg, 0.88
mmol, 5.0 equiv.) were added successively. The reaction mixture was cooled to 0 °C and DIAD (178.6 mg, 0.88
mmol, 5 equiv.) was added dropwise. Then allowed to room temperature and stir overnight. After 20 h, quenched
with 8 mL water, extracted with EtOAc three times, the combined organic extracts were dried over Na,SO4 and
concentrated under reduced pressure. The crude residue was used directly in the next step without further

purification.

0.4 mL THF was added to a vial containing the crude mixture obtained above followed by addition of NaOH
solution (108 mg, dissolved in 0.62 mL water, 15 equiv.). Methanol and THF (1:1) were added dropwise until a
homogeneous solution was obtained. The reaction mixture was refluxed at 75 °C for 12 hours and then allowed to
room temperature. The reaction was quenched by the addition of 1M HCIl to a pH of 2 and extracted with EtOAc
three times, the combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The
crude residue was used directly in the next step without further purification.

A reaction vial containing a Teflon-coated magnetic stir bar and the crude residue from the previous step

(39.2 mg, 0.18 mmol, 1 equiv.) was charged with CH,Cl, (10 mL) and cooled to 0 °C. Butyl
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3-mercaptopropanoate (37.9 mg, 0.23 mmol, 1.3 equiv.) was added to the flask. EDCI (41.4 mg, 0.22 mmol, 1.2
equiv.), DMAP (24.2 mg, 0.20 mmol, 1.1 equiv.) and DIPEA (27.9 mg, 0.22 mmol, 1.2 equiv.) were then added to
the reaction mixture in succession. The reaction mixture was stirred at room temperature overnight and then water
(15 mL) was added. The aqueous layer was extracted with CH,Cl, (3 x 15 mL). The combined organic layers
were dried over Na,SOg, filtered and concentrated under reduced pressure. Purification using flash silica gel
column chromatography (ethyl acetate/hexanes = 1/1, v/v) gave the product 4e as a colorless oil (13.5 mg, 3%
yield over seven steps). [a]p*> = +2.7 (¢ = 0.5 Chloroform). '"H NMR (500 MHz, CDCls) & 4.08 (t, J = 6.7 Hz,
2H), 3.83-3.72 (m, 1H), 3.68-3.59 (m, 1H), 3.32 (s, 3H), 3.12 (t, /= 7.0 Hz, 2H), 2.78 (dd, J = 14.9, 7.0 Hz, 1H),
2.64-2.55 (m, 3H), 1.68-1.55 (m, 3H), 1.53-1.26 (m, 12H), 1.17 (d, J = 6.1 Hz, 3H), 0.92 (t, J= 7.4 Hz, 3H). *C
NMR (125 MHz, CDCl3) 6 197.3, 171.7, 77.8, 68.1, 64.7, 57.2, 48.6, 39.2, 34.4, 33.9, 30.6, 29.6, 25.7, 25.0, 24.1,

23.5,19.1, 13.7. HRMS (ESI-TOF) calcd for CisH34NaOsS [M+Na]": 385.2019, Found: 385.2021.

Synthesis of 4f-41

(o] 0 EDCI (1.4 equiv.)

o) o)
DMAP (1.2 equiv.) ,\H,\/\)L
HO/\HH/\/\)LOH + HS/\)J\O,,BU » HO n S/\)LOnBU

DIPEA (1.4 equiv.), DCM

To a reaction vial containing a Teflon-coated magnetic stir bar was charged with corresponding acid (1.0
equiv.) and CH»Cl;, (0.15 mM) and cooled to 0 °C. Butyl 3-mercaptopropanoate (1.4 equiv.) was added the flask.
EDCI (1.4 equiv.), DMAP (1.2 equiv.) and DIPEA (1.4 equiv.) were then added to the reaction mixture in
succession. The reaction mixture was stirred at room temperature overnight and then water was added. The
aqueous layer was extracted with CH,Cl, three times. The combined organic layers were dried over Na,SOs,
filtered and concentrated under reduced pressure. Purification using flash silica gel column chromatography (ethyl
acetate/hexanes = 1/2 to 1/1, v/v) gave the product 4f-1.

HO/\/\/\n’S\/\n’OW Butyl 3-[(6-hydroxyhexanoyl)thio]propanoate (4f): Purification using

° ° preparative TLC (ethyl acetate/hexanes = 1/1 to 3/1, v/v) gave the product as a
colorless oil (31.0 mg, 14% yield). '"H NMR (500 MHz, CDCls) & 4.08 (t, J = 6.7 Hz, 2H), 3.63 (t, J = 6.5 Hz,
2H), 3.10 (t, J = 7.0 Hz, 2H), 2.60 (t, J= 7.0 Hz, 2H), 2.55 (t, /= 7.5 Hz, 2H), 1.68 (p, J = 7.5 Hz, 2H), 1.64-1.50

(m, 5H), 1.44-1.30 (m, 4H), 0.92 (t, J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCl;) & 199.2, 171.8, 64.7, 62.6,
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43.9, 34.5, 32.3, 30.6, 25.3, 25.1, 24.0, 19.1, 13.7. HRMS (ESI-TOF) calcd for C13H24NaO4S [M+Na]": 299.1288,
Found: 299.1292.
HO\/\/\/\H/S\/\H/O\/\/ Butyl 3-((7-hydroxyheptanoyl)thio)propanoate (4g): Purification using
° ° preparative TLC (ethyl acetate/hexanes = 1/1 to 2/1, v/v) gave the product as
a colorless oil (46.5 mg, 26% yield). '"H NMR (400 MHz, CDCI5) § 4.07 (t, J = 6.7 Hz, 2H), 3.60 (t, J = 6.6 Hz,
2H), 3.08 (t, J= 7.0 Hz, 2H), 2.59 (t, /= 7.0 Hz, 2H), 2.52 (t, J = 7.5 Hz, 2H), 1.71-1.44 (m, 6H), 1.42-1.25 (m,
6H), 0.91 (t,J = 7.4 Hz, 3H). *C NMR (100 MHz, CDCl3) § 199.3, 171.8, 64.7, 62.7, 43.9, 34.5, 32.4, 30.6, 28.7,
25.5,25.4,24.0,19.1, 13.7. HRMS (ESI-TOF) calcd for C14H6NaO4S[M+Na]": 313.1444, Found: 313.1442.
HOMSWOW Butyl 3-((8-hydroxyoctanoyl)thio)propanoate (4h): Purification using
° ° preparative TLC (ethyl acetate/hexanes = 1/2 to 1/1, v/v) gave the product
as a colorless oil (5.0 mg, 20% yield). "H NMR (500 MHz, CDCls) 8 4.09 (t, J = 6.7 Hz, 2H), 3.63 (t, J = 6.6 Hz,
2H), 3.10 (t, J = 7.0 Hz, 2H), 2.61 (t, J= 7.0 Hz, 2H), 2.53 (t, J = 7.5 Hz, 2H), 1.72-1.49 (m, 6H), 1.47-1.28 (m,
9H), 0.92 (t,J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCl3) § 199.3, 171.8, 64.7, 63.0, 44.0, 34.5, 32.7, 30.6, 29.0,
28.8, 25.5, 25.5, 24.0, 19.1, 13.7. HRMS (ESI-TOF) calcd for CisH,sNaOsS[M+Na]": 327.1601, Found:
327.1598.
HOWSWOW Butyl 3-((9-hydroxynonanoyl)thio)propanoate (4i): Purification using
° ° preparative TLC (ethyl acetate/hexanes = 1/2 to 1/1, v/v) gave the product
as a colorless oil (12.0 mg, 20% yield). "H NMR (500 MHz, CDCls) § 4.09 (t, J = 6.7 Hz, 2H), 3.63 (t,J= 6.6 Hz,
2H), 3.11 (t, J= 7.0 Hz, 2H), 2.61 (t,J = 7.0 Hz, 2H), 2.57-2.49 (m, 2H), 1.71-1.47 (m, 7H), 1.44-1.27 (m, 10H),
0.93 (t,J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCl5) § 199.3, 171.8, 64.7, 63.0, 44.0, 34.5, 32.7, 30.6, 29.2, 29.2,
28.8, 25.6, 25.5, 24.0, 19.1, 13.7. HRMS (ESI-TOF) caled for CisH3NaOsS[M+Na]": 341.1757, Found:
341.1756.
HO/\/W\/\n’S\/\n’OW Butyl 3-((10-hydroxydecanoyl)thio)propanoate (4j): Purification using
° ° preparative TLC (ethyl acetate/hexanes = 1/2 to 1/1, v/v) gave the
product as a colorless oil (184 mg, 54% yield). 'H NMR (500 MHz, CDCls) § 4.09 (t, J = 6.7 Hz, 2H), 3.62 (t,J =
6.6 Hz, 2H), 3.10 (t, J = 7.0 Hz, 2H), 2.60 (t, J = 7.0 Hz, 2H), 2.52 (t, J = 7.5 Hz, 2H), 1.75-1.45 (m, 6H),

1.45-1.17 (m, 13H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR (125 MHz, CDCl3) § 199.3, 171.8, 64.7, 63.0, 44.0, 34.5,
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32.8,30.6,29.3,29.3, 29.1, 28.9, 25.7, 25.6, 23.9, 19.1, 13.7. HRMS (ESI-TOF) calcd for C17H3,NaO4S [M+Na]":
355.1914, Found: 355.1933.
HO\/\/\/\/\/\H/S\/\H/O\/\/ Butyl 3-[(11-hydroxyundecanoyl)thio]propanoate (4k): Purification
° ° using preparative TLC (ethyl acetate/hexanes = 1/3 to 1/2, v/v) gave
the product as a colorless oil (190 mg, 55% yield). '"H NMR (500 MHz, CDCls) § 4.09 (t, J = 6.7 Hz, 2H), 3.63 (t,
J=6.7 Hz, 2H), 3.11 (t, J = 7.0 Hz, 2H), 2.61 (t, /= 7.0 Hz, 2H), 2.53 (t, J = 7.5 Hz, 2H), 1.69-1.49 (m, 6H),
1.43-1.21 (m, 15H), 0.93 (t, J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCl;) 3 199.3, 171.8, 64.7, 63.1, 44.1, 34.5,
32.8, 30.6, 29.5, 29.4, 29.3, 29.2, 28.9, 25.7, 25.6, 23.9, 19.1, 13.7. HRMS (ESI-TOF) calcd for CigH3sNaO4S
[M+Na]": 369.2070, Found: 369.2075.
HO/\/\/\/\/\/\H/S\/\H/O\/\/ Butyl 3-((12-hydroxydodecanoyl)thio)propanoate (41):
° ° Purification using preparative TLC (ethyl acetate/hexanes = 1/3 to
1/2, v/v) gave the product as a colorless oil (150 mg, 42% yield). "H NMR (500 MHz, CDCl;) & 4.09 (t, J = 6.7
Hz, 2H), 3.64 (t, /= 6.6 Hz, 2H), 3.11 (t,J= 7.0 Hz, 2H), 2.61 (t, J= 7.0 Hz, 2H), 2.53 (t, 2H), 1.70-1.51 (m, 6H),
1.44-1.21 (m, 17H), 0.93 (t, J = 7.4 Hz, 3H). 3C NMR (125 MHz, CDCl3) § 199.4, 171.8, 64.7, 63.1, 44.1, 34.5,
32.8, 30.6, 29.5, 29.5, 29.4, 29.4, 29.2, 28.9, 25.7, 25.6, 23.9, 19.1, 13.7. HRMS (ESI-TOF) calcd for
C19H36NaO4S [M+Na]': 383.2227, Found: 383.2233.
13.2 Small-scale in vitro characterization and Kinetics study of DcsB
Assay of DcsB activity and time-course was performed in 400 pL-scale assay containing NazPO4buffer (100
mM NazPO,4, 300 mM NacCl, 5% glycerol, pH 7.4), 1 mM compound 4, and 0.49 uM DcsB. The reaction was
incubated at 30 °C for 0.5-6 h monitored by LC or GC-MS analysis (various time points for time course) and
quenched with equal volume of ethyl acetate solution (90% ethyl acetate, 9% methanol and 1% formic acid). The
organic layer was evaporated to dryness under vacuum. The residue was dissolved in 400 puL methanol. The
sample was analyzed by LC or GC-MS (yield was determined by using the desired product as the internal
standard). To determine the kinetics of DcsB towards compound 4a, the assays were performed at 400 pl-scale
with 0.49 pM Dcs B and 1 mM 4a in NazPO4 buffer (100 mM NazPOs, 300 mM NacCl, 5% glycerol, pH 7.4) at

30 °C for 30 min. Data fitting was performed using GraphPad Prism 5.
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13.3 Preparative scale in vitro reactions

o} /\)Cj\ DcsB, NazPO, o
N _—
HO/\Hn/\/\)LS O"Bu oH 7.4, 30 °C y
4 "2

A 50 ml Teflon tube was charged with SMBP-derived ketide 4 (1 mM), Na3;PO4buffer (100 mM Na3zPOs, 300
mM NaCl, 5% glycerol, pH 7.4) and DcsB (0.49 uM). The reaction was incubated at 30 °C for 1-6 h. After the
reaction was complete, the reaction mixture was quenched with equal volume of ethyl acetate solution (90% ethyl
acetate, 9% methanol and 1% formic acid) and extracted with EtOAc three times. The combined organic layers
were washed with brine, then dried over anhydrous Na;SO,4 and filtered. After the solvent was removed under
reduced pressure, the residue was purified by preparative silica gel column purification to afford the desired

product 2.

(L/‘fj (45,10R,E)-4-methoxy-10-methyl-3,4,7,8,9,10-hexahydro-2H-oxecin-2-one (2b): [a]p** = -38.8 (c
X~""ome = 1.0 Chloroform). '"H NMR (500 MHz, CDCls) § 5.74-5.58 (m, 2H), 5.45 (dt, J = 16.0, 2.4 Hz,
1.3H), 5.30 (dd, J = 15.8, 8.5 Hz, 1H), 5.08-4.96 (m, 1H), 4.80 (p, J = 6.7 Hz, 1.4H), 4.15-4.05 (m, 2H), 3.36 (s,
3H), 3.30 (s, 1.7H), 2.95 (dd, J = 13.9, 8.0 Hz, 1H), 2.71 (dd, J = 12.0, 3.1 Hz, 1.3H), 2.50-2.39 (m, 2H),
2.39-2.30 (m, 1.3H), 2.27-2.19 (m, 1.2H), 2.02-1.90 (m, 1.5H), 1.89-1.78 (m, 2H), 1.78-1.68 (m, 2H),
1.66-1.58 (m, 2H), 1.56-1.38 (m, 3H), 1.21-1.14 (m, 5H). *C NMR (125 MHz, CDCl3) § 170.7, 169.8, 137.8,
129.9, 129.2, 128.5, 79.2, 72.4, 71.0, 57.1, 56.3, 42.8, 42.7, 35.9, 33.1, 32.3, 31.7, 29.7, 28.3, 22.5, 22.1, 18.5.
HRMS (ESI-TOF) calcd for C11H;sNaOs; [M+Na]*: 221.1148, Found: 221.1148.

Note: Compound 2b contains one pair of conformational isomer. The in vitro reaction was scaled to 35.2 mL.

(L/ioj (4R,10R)-4-hydroxy-10-methyloxecan-2-one (2¢): [a]p*> = —20.4 (¢ = 1.0 Chloroform). "H NMR
- “on (500 MHz, CDCl3) 6 5.07-4.96 (m, 1H), 4.43-4.31 (m, 1H), 2.89-2.77 (m, 1H), 2.36 (dd, J= 15.4,
10.0 Hz, 1H), 2.00-1.90 (m, 1H), 1.82-1.67 (m, 2H), 1.67-1.47 (m, 5H), 1.47-1.35 (m, 1H), 1.26 (d, /= 6.5 Hz,
4H), 1.16-1.01 (m, 1H). 3C NMR (125 MHz, CDCl;) 3 170.7, 73.2, 66.5, 43.6, 37.0, 31.5, 25.5, 23.4, 22.9, 19.4.
HRMS (ESI-TOF) calcd for C1oH1sNaO; [M+Na]": 209.1148, Found: 209.1145.

The in vitro reaction was scaled to 49.8 mL.
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(L/ioj\ (4S,10R)-4-hydroxy-10-methyloxecan-2-one (2d): [a]p?> = —16.3 (¢ = 0.3 Chloroform). 'H NMR
- oH (500 MHz, CDCls) 6 5.03—4.93 (m, 1H), 4.13-4.02 (m, 1H), 2.66 (ddd, J = 11.9, 4.2, 0.9 Hz, 1H),
2.47 (dd, J=11.8, 9.7 Hz, 1H), 1.85-1.59 (m, 5H), 1.52-1.32 (m, 3H), 1.30-1.19 (m, 5H), 1.16-1.03 (m, 1H). *C
NMR (125 MHz, CDCl3) 6 171.1, 72.4, 69.8, 44.1, 35.4, 31.2, 26.7, 21.6, 20.9, 20.3. HRMS (ESI-TOF) calcd for
Ci0HisNaOs [M+Na]": 209.1148, Found: 209.1149.

The in vitro reaction was scaled to 40.0 mL-scale assay.

o £ Oxocan-2-one (2g): "TH NMR (500 MHz, CDCI5) & 4.39-4.28 (m, 2H), 2.55 (t, 2H), 1.91-1.84 (m, 2H),
O 1.80 (p, J = 5.9 Hz, 2H), 1.67-1.59 (m, 2H), 1.59-1.52 (m, 2H). *C NMR (125 MHz, CDCl;) & 176.8,
67.9, 31.3, 30.9, 28.4, 25.8, 23.9. HRMS (ESI-TOF) calcd for C;H;30, [M+H]": 129.0910, Found: 129.0909.

The in vitro reaction was scaled to 24.7 mL-scale assay.
o i Oxonan-2-one (2h): 'TH NMR (500 MHz, CDCls) & 4.29 (t, J = 5.8 Hz, 2H), 2.28 (t, 2H), 1.77-1.67 (m,
O 4H), 1.66-1.60 (m, 2H), 1.51-1.40 (m, 4H). '*C NMR (125 MHz, CDCl;) § 175.7, 64.4, 35.5,29.4, 27.7,
25.0,24.1, 22.9. HRMS (ESI-TOF) calcd for CsH;sO> [M+H]": 143.1067, Found: 143.1070.
The in vitro reaction was scaled to 35.6 mL
o ¢ oxecan-2-one (2i): 'TH NMR (500 MHz, CDCls) & 4.30-4.25 (m, 1H), 4.11 (t, J = 6.7 Hz, 1H),
O 2.80-2.75 (m, 1H), 2.65 (td, J = 6.8, 0.7 Hz, 1H), 2.36-2.32 (m, 1H), 1.83-1.73 (m, 2H), 1.66—1.59 (m,
2H), 1.56-1.51 (m, 2H), 1.50-1.44 (m, 1H), 1.43-1.34 (m, 2H), 0.94 (t, J = 7.4 Hz, 2H). BC NMR
(125 MHz, CDCl3) 6 174.1, 171.7, 66.2, 64.6, 38.5, 35.0, 30.6, 29.7, 27.3, 25.8, 24.5, 24.2, 23.0, 22.7, 20.7, 19.8,

19.1, 13.7. HRMS (ESI-TOF) calcd for CoH,70, [M+H]": 157.1223, Found: 157.1227.

The in vitro reaction was scaled to 35.0 mL.

oy Oxacycloundecan-2-one (2j): Purification using preparative TLC (ethyl acetate/hexanes = 1/20 to 1/1,

v/v) gave the product as a colorless oil (8.1 mg, 77% yield). '"H NMR (500 MHz, CDCl;) § 4.22-4.15
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(m, 2H), 4.11 (t, J = 6.7 Hz, 2H), 2.78 (q, J = 7.0 Hz, 2H), 2.65 (t, J = 6.8 Hz, 2H), 2.41-2.29 (m, 3H), 1.83-1.68
(m, 5H), 1.67-1.59 (m, 3H), 1.58-1.49 (m, 3H), 1.49-1.28 (m, 11H), 0.94 (t, J = 7.4 Hz, 3H). 3C NMR (125
MHz, CDCl3) 6 174.3, 171.7, 64.8, 64.6, 38.5, 35.3, 30.6, 26.2, 25.4, 25.3,24.7, 24.1, 22.4,21.3, 19.8, 19.1, 13.7.
HRMS (ESI-TOF) calcd for CioH;90, [M+H]"™: 171.1380, Found: 171.1383.

Note: The compound has conformational isomer. The in vitro reaction was scaled to 61.8 mL.

Oxacyclododecan-2-one (2k): Purification using preparative TLC (ethyl acetate/hexanes = 1/20 to 1/1,
v/v) gave the product as a colorless oil (1.0 mg, 10% yield). "H NMR (500 MHz, CDCl;) 6 4.28-4.15
(m, 2H), 2.45-2.29 (m, 2H), 1.76-1.61 (m, 4H), 1.60-1.48 (m, 3H), 1.45-1.28 (m, 9H). *C NMR
(125 MHz, CDCL) & 174.0, 64.6, 34.4, 26.1, 24.9, 24.8, 24.5, 24.0, 23.8, 23.5, 23.3. HRMS (ESI-TOF) calcd for
C11H,0; [M+H]": 185.1536, Found: 185.1555.

Note: The in vitro reaction was scaled to 54.3 mL.

ol Oxacyclotridecan-2-one (21): Purification using preparative TLC (ethyl acetate/hexanes = 1/20 to 1/1,

v/v) gave the product as a colorless oil (5.0 mg, 72% yield). "H NMR (500 MHz, CDCl;) § 4.17-4.13

(m, 2H), 2.37-2.31 (m, 2H), 1.72-1.52 (m, 5H), 1.48-1.26 (m, 13H). *C NMR (125 MHz, CDCl;) &

174.2, 64.6, 34.7, 27.4, 26.6, 26.4, 26.4, 25.4, 25.4, 24.9, 24.5, 24.2. HRMS (ESI-TOF) calcd for Ci2H230;
[M+H]": 199.1693, Found: 199.1707.

Note: The in vitro reaction was scaled to 35.0 mL.
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14. Computational Methods
14.1 Molecular docking methodology

Structures of interest were covalently and non-covalently docked into the thioesterase DscB using Autodock4
and Autodock vina.'>!® First, the thioesterase structure was ‘cleaned;’ the substrate analogue ligand and water
molecules were stripped from the file. The ligand geometries were optimized using Grimme’s program xtb.!”
Covalent docking parameters were generated using MGLTools supplied with Autodock4 and AutodockTools.
Covalent Autodock4 simulations used 10 Lamarckian genetic algorithm docking runs that were centered on a grid
of (65,61,61) cartesian x,y,z points spaced at 0.375 A centered on the nucleophilic serine 114 (Ser114). Autodock
vina simulations were exhaustively (22) ran in a 30 A box centered on the Ser114.

In order to validate non-covalent docking results, we initially re-docked the crystallographic ligand. This
yielded good results, and we then used these parameter settings for all ligands. Below is an example config file for

non-covalent docking with AutoDock Vina:

receptor = protein/TE_clean.pdbqt
ligand = ligand/TE_substrate_flexible.pdbqgt
center_x = 66

center_y = 78

center_z = 95

size_x = 30.0

size_y = 30.0

size_z = 30.0

exhaustiveness = 22
output-1-flexible.pdbqgt

log = output-1-Fflexible.log

out

The validity of the covalent docking was more difficult to verify, and so we resorted to using the manual

recommendations. Below is an example input docking parameter file:

autodock parameter_version 4.2 used by autodock to validate parameter set
outlev 1 diagnostic output level
intelec calculate internal electrostatics

seed pid time
ligand_types C HD OA
fld TE-clean_rigid.maps.fld

seeds for random generator
atoms types in ligand
grid_data_file

BT S S

map TE-clean_rigid.C.map atom-specific affinity map
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map TE-clean_rigid.HD._map # atom-specific affinity map

map TE-clean_rigid.OA_map # atom-specific affinity map
elecmap TE-clean_rigid.e._map # electrostatics map
desolvmap TE-clean_rigid.d.map # desolvation map

move empty # small molecule

flexres ligcovalent-fix_flex.pdbqt # file containing flexible residues

about 65.805 69.992 98.8294 # small molecule center

tran0 random # initial coordinates/A or random
quaternion0 random # iInitial orientation

diheO random # initial dihedrals (relative) or random
torsdof 12 # torsional degrees of freedom

rmstol 2.0 # cluster_tolerance/A

extnrg 1000.0 # external grid energy

eOmax 0.0 10000 # max initial energy; max number of retries
ga_pop_size 150 # number of individuals in population
ga_num_evals 2500000 # maximum number of energy evaluations
ga_num_generations 27000 # maximum number of generations
ga_elitism 1 # number of top individuals to survive to next

# generation

ga_mutation_rate 0.02 # rate of gene mutation

ga_crossover_rate 0.8 # rate of crossover

ga_window_size 10 #

ga_cauchy_alpha 0.0 # Alpha parameter of Cauchy distribution
ga_cauchy_beta 1.0 # Beta parameter Cauchy distribution
set_ga # set the above parameters for GA or LGA
sw_max_its 300 # iterations of Solis & Wets local search
Sw_max_succ 4 # consecutive successes before changing rho
sw_max_Fail 4 # consecutive failures before changing rho
sw_rho 1.0 # size of local search space to sample
sw_Ib _rho 0.01 # lower bound on rho

Is_search_freq 0.06 # probability of performing local search on

# individual

set_pswl # set the above pseudo-Solis & Wets parameters
unbound_energy 0.0 # state of unbound ligand

ga_run 10 # do this many hybrid GA-LS runs

analysis # perform a ranked cluster analysis

rmsatoms all # rms atoms
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14.2 Density functional theory calculation methodology

The cyclization transition state was located at the B3LYP-D3(BJ)/6-31G(d,p)'* ** level of theory as
implemented in Gaussian 16 Rev. A.03 (sse4).”” In order to construct the theozyme model, the side chains of
His276 and Asp247 and the covalently docked Serll4-bound acyl-intermediate were cut from the structure
(Figure 3c¢) and protons were added to the amino acid side chains. Then, a scan calculation of the forming C-O
bond was set up from 3.5 to 1.7 A. The highest energy point along the scan coordinate was then used as a guess
geometry for a Berny transition state optimization. The coordinates of the optimized geometry have been supplied

to the publisher as an xyz file and are pasted below.

Theozyme transition state

E -1265.637547
H -1265.124732
G -1265.220420
Imag. Freq. -150.003

Cartesian coordinates

-0.182208 -2.401703 -1.491813
-1.220461 -3.384656 -0.959944
-0.564144 -1.913905 -2.402428

0.752630 -2.906758 -1.757078
-2.149323 -2.876795 -0.682447
-0.835441 -3.900834 -0.073626

1.528225 0.502388 -0.386301
-931064 1.027062 -1.638696
-465977 1.064578 -1.758034
-117858 1.949649 -0.672735
.234751 1.244017 0.128419
.707177 -0.047212 0.702675
.777466 -0.103118 1.654118
-980457 -1.333099 1.940397
.562164 -1.233481 1.363245
-509059 -1.189130 -0.181364
.281694 0.329910 -2.839855
.924073 -1.515405 3.371498
.373870 -1.791549 -0.850543

.189472 -2.122213 3.533148

I O O O O O O O O o o o o o T T T T O O

N NN P P PN W PO WPR
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0.194902
1.639593
1.524426
1.576702
3.739088
3.806222
4.506892
3.341074
5.582966
6.099375
4.951039
3.449409
3.469781
1.030042
1.016388
-2.032709
-2.067216
-1.228880
-0.486616
-2.596008
-0.890326
-3.086765
0.090440
-3.493276
-4.235781
-2.915060
-4.048306
-1.459381
0.092309
-5.367530
-4.334761
-5.450613
-4.492365
-6.732512
-7.217806
-7.375122
-6.623549

0.312770
-0.697808
0.864992
2.075911
1.426004
0.030087
2.880210
2.232743
1.915228
1.048930
-0.967465
0.801507
-2.193575
-0.383653
-2.143316
0.681175
-0.384274
2.707600
3.490263
2.745615
1.394039
1.461523
0.998711
3.908915
4.040102
4.834478
3.776128
-4.140450
-1.423769
-0.896234
-1.516154
0.396748
0.839075
-1.567302
-1.426207
-1.100995
-2.631403

-2.722959
-2.913039
-3.766764
-1.641236
-2.758925
-1.680238
-1.109516
0.045160
0.925702
-0.519146
0.177274
2.167091
1.464306
1.799288
1.652683
0.119926
-0.033412
0.345157
0.385141
0.497801
0.106919
0.354143
-0.079345
0.772241
-0.024152
0.850780
1.708739
-1.719597
-0.506019
0.139661
-0.072589
0.392876
0.383344
0.137612
1.108462
-0.615781
-0.073083
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SUPPLEMENTARY TABLES

Table S1. Bioinformatics analysis of dcs gene cluster

Size
Protein (a) Proposed function Homologs (ident/pos) Source Strain
aa
HRPKS with domains: Cordyceps
DcsA | 2414 XP_018702120.1(83%/87%)
KS AT KR DH ER ACP Jumosorosea
DcsB 319 Thioesterase TQV91950.1 (72%/77%) Cordyceps javanica
DcsC 545 Cytochrome P450 OAA48824.1 (80%/82%) | Beauveria brongniartii
Short-chain Dehydrogenase/
DesD 252 ATY63300.1 (84%/92%) Cordyceps militaris
Reductase (SDR)
Table S2. Primers used in this project
Primers Sequence (5°-3°)

pDWGI1001-F1
pDWGI1001-R1
pDWGI1001-F2
pDWGI1001-R2
pDWGI1001-F3
pDWGI1001-R3
pDWG1001-F4
pDWGI1001-R4
pDWGI1001-F5
pDWGI1001-R5
pDWG1002-F1
pDWG1002-R1
pDWG1002-F2
pDWG1002-R2
pDWG1002-F3
pDWG1002-R3
pDWGI1003-F1
pDWGI1003-R1
pDWG1004-F1

CTCCCTTCTCTGAACAATAAACCCCACAGAAGGCATTTATGTCGGGCCAAGAACCTATTG
AGCAATGTACGCGACATCG

TTGAAATCGGACCATCTGGTGC

ACAACACCTGCAGCTTCATAGC

ATCGAGGTCGAGGTTGTCG
CTTGGGTCTCTCCCGTCACCCAAATCAATTCACCGGAGTTTTTGGTGCAGGGTACGTGTG
ACTCCGGTGAATTGATTTGGG

TGTTTAGATGTGTCTATGTGGCGG
GACTAACCATTACCCCGCCACATAGACACATCTAAACAATGGCACCTCTTTCATCGTTCC
GTAGGAGTGATGAGACCCAACAACCATGATACCAGGGGCCCGATTGGGATGAACCATTAC
CCTGAGCTTCATCCCCAGCATCATTACACCTCAGCAATGGCTTCTCCTACTATTGTCCTC
TGGGTCTCTCCCGTCACCCAAATCAATTCACCGGAGTCATCGAAGAGGTGTACAAGGAGG
ACTCCGGTGAATTGATTTGGG

TGTTTAGATGTGTCTATGTGGCGG
GCTTGACTAACCATTACCCCGCCACATAGACACATCTAAACAATGGCCGCGAGCAATTTC
GACTTCAACACAGTGGAGGACATACCCGTAATTTTCTGTGTGCTTCAGGCATATCTCGGC
TGAGAGCCTGAGCTTCATCCCCAGCATCATTACACCTCAGCAATGGCCGCGAGCAATTTC
GACTTCAACACAGTGGAGGACATACCCGTAATTTTCTGTGTGCTTCAGGCATATCTCGGC
CTAACCATTACCCCGCCACATAGACACATCTAAACAATGGCTTCTCCTACTATTGTCCTC
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pDWG1004-R1

CTTCTGCTAAAGGGTATCATCGAAAGGGAGTCATCCAATTTGACATGAATGCGCACCAGG

pDWG1005-F ATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGCACCTCTTTCATCGTTCC

pDWG1005-R GGATCTCAGTGGTGGTGGTGGTGGTGCTCGAGTGCGGCCGCTTAGCCTGCCACGTTCTCC

pDWG1006-F TACACTCTGGGGAATGTGTTTTGGTGGCACCG

pDWG1006-R ~ ACACATTCCCCAGAGTGTAATCTTGGACGAGTCAAC

pDWG1007-F CGCAGACATTGTCACGCACATTACCTCGCTTCCAAGTGTTGACTCGT

pDWG1007-R TGGACGAGTCAACACTTGGAAGCGAGGTAATGTGCGTGACAATGTCT

pDWG1008-F TTATCATGACTCCCGGGGCCAACTGTGTCAAAGAG

pDWG1008-R ~ GCCCCGGGAGTCATGATAATTGCCGGCCC

pDWG1009-F CACTCTGGGGAATGTCGGCTGGTGGCACCGTC

pDWG1009-R  GCCGACATTCCCCAGAGTGTAATCTTGGACG

Table S3. Plasmids used in this project
Plasmids Vector Genes

pDWG1001 pYTP dcsA (PKS)-desB (TE)
pDWG1002 pYTU dcsC (P450)-desD (SDR)
pDWG1003 pYTU desC (P450)
pDWG1004 pYTR desD (SDR)
pDWG1005 pET28a dcsB (TE)
pDWG1006 pET28a S114C-DcsB
pDWG1007 pET28a S114T-DcsB
pDWG1008 pET28a F40A-DcsB
pDWG1009 pET28a F115A-DcsB
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Table S4. Optimization of thioesterase-catalyzed lactonization

0
OH O DcsB (‘}5
buffer, 30 °C X101

pH 2a
(0]

4a-1: R (SNAC) = s/\/N\n/ 4a-3: R (SEMP) = s/\)l\o/\

“%\

HO

0]

0
0
4a-2:R(SMMP)=S/\)LO/ 4a: R (SBMP) = s/\)l\o/\/\

entry” substrate buffer pH yield (%)
1 4a-1 Tris 7.4 3
2 4a-2 Tris 7.4 11
3 4a-2 Na3;PO4 7.4 43
4 4a-2 Na;POy4 7.0 42
5 4a-2 Na;PO, 8.0 40
6" 4a-2 Na;POy 7.4 31
7 4a-2 Na;POy4 7.4 38
8¢ 4a-3 Na;PO, 7.4 60
94/ 4a Na;POy 7.4 73
108 4a Na;POy4 7.4 61

“Reaction condition: 1.0 mM substrate 4, 23.4 uM dcsB, reaction buffer, pH as shown in Table at 30 °C. ®at 37 °C.
5.9 uM DcsB. /1.9 uM DcsB. “TTN (total turnover number) up to 309./TTN up to 376. 0.5 uM DcsB with TTN
up to 1258.
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Table S5. Spectroscopic data of 2a

10

(0]
( 9 1
8() O 2 — H-HCOSY
GRS <j 3
7 8 \&4 ‘OH — Key HVBC
- . _ . _ dc (one major conformational
position ou (mult., Jy.im in Hz) (one major conformational isomer) '
isomer)
1 170.9
2.54 (AB, Jag = 11.8, 3.5 Hz, 1H), 2.47 (BA, Jsa = 11.8, 3.7
2 44.7
Hz, 1H)
3 4.59 (br, 1H) 68.0
4 5.55-5.48 (m, 1H) 132.7
5 5.65-5.55 (m, 1H) 128.1
6 2.29-2.11 (m, 1H), 1.97-1.84 (m, 1H) 32.5
7 1.83-1.65 (m, 1H), 1.58-1.31 (m, 1H) 27.9
8 1.83-1.65 (m, 1H), 1.58-1.31 (m, 1H) 352
9 4.85-4.72 (m, 1H) 72.7
10 1.11 (d, J= 6.5 Hz, 3H) 21.9
2.94 (s, OH)

In CDCl5: 500 MHz for '"H NMR and 125 MHz for *C NMR; Chemical shifts are reported in ppm. All signals are
determined by 'H-'H COSY, HMBC and HSQC correlation. The absolute stereochemistry was determined by
X-ray crystal analysis. [a]p?2 = —29.3 (c = 1.0 Chloroform). HRMS (ESI-TOF) calcd for CoH;sNaOs; [M+Na]":
207.0992, Found: 207.0988.

Note: Compound 2a contains one pair of conformational isomer, one is the major isomer and the other one is

minor one.
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Table S6. Spectroscopic data of 1

— H-H COSY

~ Key HMBC

position ou (mult., Ju.pin Hz) oc
1 171.1, 170.6
2.92 (dd, J=13.5,7.7 Hz, 1H), 2.52 (td, 2H), 2.31 (dd, J =
2 44.4,44.0
13.5,5.7 Hz, 1H)
3 4.77-4.66 (m, 1H), 4.60-4.53 (m, 1H) 69.0, 67.3
5.90 (ddd, J=16.0, 3.3, 1.7 Hz, 1H),
4 129.3
5.41(dd,J=16.2,7.5 Hz, 1H)

5 5.80 (d, J=16.1 Hz, 1H), 5.56 (dd, /= 16.2, 8.8 Hz, 1H) 136.8, 130.5
6 4.39 (s, 1H), 3.95 (td, /= 8.6, 2.9 Hz, 1H) 72.8,67.7
7 2.06-1.86 (m, 2H), 1.81-1.59 (m, 2H) 31.3

8 1.81-1.59 (m, 3H), 1.44 (dd, J=15.8, 7.1 Hz, 1H) 27.2

9 5.05-4.94 (m, 1H), 4.77-4.66 (m, 1H) 72.8,71.0
10 1.22 (d, J=6.7 Hz, 3H), 1.17 (d, /= 6.4 Hz, 3H) 17.5

In CD;0D: 500 MHz for '"H NMR and 125 MHz for '*C NMR; Chemical shifts are reported in ppm. All signals
are determined by 'H-"H COSY, HMBC and HSQC correlation. The absolute stereochemistry was determined by
X-ray crystal analysis. [a]p*? = —12.2 (¢ = 1.0 Methanol). HRMS (ESI-TOF) calcd for CioH;¢NaO4 [M+Na]":
223.0941, Found: 223.0941.

Note: This compound 1 contains one pair of conformational isomers at 1:1 ratio.
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Table S7. Data collection and refinement statistics

Name DcsB DcsB-4a-2' complex
PDB ID 7D78 7D79
Data collection
Space group Ci21 Pl
Cell dimensions

a,b,c(A) 178.71,47.57,71.70 47.26, 59.01, 113.99

a, B,y (°) 90.00, 93.19, 90.00 84.85, 78.55, 84.01
Resolution (A) 50.00-1.97 50.00 - 2.11

(2.00 - 1.97) (2.15-2.11)

Ruerge 0.072 (0.256) 0.124 (0.544)
I/l 26.44 (6.56) 9.56 (1.88)
Redundancy 6.1 (5.5) 3.5(3.0)
Completeness (%) 99.6 (98.2) 92.6 (90.1)

CC1/2
Refinement
Resolution (A)
No. reflections
Rwork / Rree
No. non-H atoms
Protein
Ligand
Water
B factor(A?)
Protein
Ligand
R.m.s. deviations
Bond lengths (A)
Bond angles (%)
Ramachandran (%)
Favored
Outliers
Rotamer outliers

0.956 (0.958)

38.84-1.97
42956
0.146/0.183

4582
25
524

253
36.1

0.007
0.81

96.43
0.34
0.00

0.732 (0.734)

39.00 - 2.10
59724
0.182/0.227

9012
68
573

28.0
34.2

0.002
0.49

96.35
0.00
0.2
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Figure S1. Plasmids used for heterologous expression of dcs gene cluster in 4. nidulans and protein expressions

in E. coli.
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Figure S2. SDS-PAGE (6%) analysis of DcsB and mutants expressed and purified from E. coli.
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Kinetic Analysis
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[
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Figure S3. Kinetics study of DcsB-catalyzed conversion of 4a to 2a. For kinetics study, the assays were
performed at 400 pL-scale with 0.49 uM DcsB and 62.5-800 uM 4a in Na3PO, buffer (100 mM Na3;PO4, 300 mM

NaCl, 5% glycerol, pH 7.4),) incubated at 30°C for 30 min. Data fitting was performed using GraphPad Prism 5.
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Figure S4. DcsB-catalyzed lactonization of 4f for the formation of 2f. (A) In vitro reaction of substrate 4f. (B) (I)
standard compound 2f by GC-MS analysis; (II) Control reaction with denatured DcsB did not show the desired

peak; (IIT) DcsB in vitro assay of 4f, showing the desired peak. (C) MS data show the molecular weight of 2f.
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Figure S5. DcsB-catalyzed hydrolysis of 4e for the formation of 2e’. (A) In vitro reaction of substrate 4e. (B) (I)

LC-MS data for compound 2e’ from DcsB in vitro assay, showing the desired peak; (II) Control reaction with

denatured DcsB did not show the desired peak; (III) MS show the molecular weight of 2e’.
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Lid region

Figure S6. Structures of apo DcsB and its complex with substrate analog. (A) The cartoon model of the DcsB
monomer contains a lid region (colored in blue) and a core domain (colored in pink). The catalytic triad is labeled
as indicated with yellow sticks. (B) The homodimer structure of DcsB in the asymmetric unit. (C) The tetramer

structure of DcsB-4a-2' (enzyme—substrate complex) in the asymmetric unit.
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Figure S7. Solution oligomerization state of DcsB. Wild type DcsB exists as a dimer in solution as characterized

by ultracentrifugation velocity. The major peak has a sedimentation coefficient consistent with a DcsB dimer.
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Figure S8. Sequence alignment of DcsB with the closest structural homologs identified by DALI search: o/p
chain hydrolase GrgF (PDB ID: 6LZH, identity 38%) and uncharacterized protein YcjY (PDB ID: 5XB6, identity
19%) ). The catalytic triad residues are marked with an asterisk. Residues with strict identity are in white on a red
background and those with identity above 70% are colored in red and framed in blue. The alignment was

generated by T-coffee web-server using default parameters. The figure was generated by ESPript 3.0.
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A DcsB, GrgF and YcjY overlay B DcsB, Pik-TE and DEBS-TE overlay

DcsB DcsB
= GrgF B Pik-TE
B DEBS-TE

D240

Figure S9. Structural comparison of DcsB with other homologs. (A) Superposition of DcsB (pink) with GrgF
(cyan, PDB ID: 6LZH, RMSD 1.8 A) and YcjY (dark green, PDB ID: 5XB6, RMSD 2.2 A) identified by DALI

search. (B) Superposition of DcsB (pink) with Pik-TE (blue, PDB ID: 2HFJ, RMSD 2.7 A in core region) and
DEBS-TE (orange, PDB ID: 1KEZ, RMSD 2.5 A in core region).
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A Apo DcsB and DcsB-Substrate analogue complex overlay B Active-site overlay C  DcsB-Substrate analogue complex
apo DcsB apo DcsB crystal 4a-2’
B DcsB-4a-2’ B DcsB-4a-2’

Figure S10. Comparison of the apo DcsB and its substrate analog 4a-2' complex. (A) Overlay of the apo DcsB
(residues, pink) and the DcsB-4a-2' complex (residues, green; 4a-2', yellow) with RMSD 0.146 A for 257 Ca.
atoms. (B) Active site overlay of the apo DcsB and the DcsB-4a-2' complex (colored as in A). Substantial
conformational changes are observed for F198 and M199. (C) Active site view of DcsB cocrystal structure with

substrate analogue 4a-2'.
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Figure S11. Clip view of the active site cavity of DcsB and Pik-TE. (A) Cut-away view of linear substrate
analogue 4a-2' in the active site of DcsB. (B) Cut-away view of linear substrate phosphopentaketide in the active
site of Pik-TE (PDB ID: 2HFJ). The hydrophobic surface is shown in blue, whereas the hydrophilic surface is
shown in white. (C) The active site cavity of DcsB shown in lightblue surface and the loop between 6 and aL1
shown in red cartoon, residues 1139 and F142 are shown red sticks. (D) The open channel of Pik-TE, substrate

phosphopentaketide (cyan sticks) is viewed from the exit channel.
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theozyme transition state

Figure S12. Calculated theozyme model for cyclization. Distances for forming bonds and hydrogen bonding are

labeled in Angstrom. The structure was calculated at the B3LYP-D3(BJ)/6-31G(d,p) level of theory.
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Sartid-bond & n=7F Sortid-bourst 4-hon =13 Sorlit-bound 4-Ln=1-7

Figure S13. Covalent docking of 4f-1 Ser114-bound acyl-intermediates. (A—G) Predicted lowest energy conformation
shown. (H, I) ensembles of docked structures overlaid in active site. 4f—i adopt extended conformations whereas 4j-1

adopt folded conformations.
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Figure S14. Proposed catalytic mechanism of DcsB
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Figure S15. '"H NMR Spectra of compound 4a-1. Chloroform-d1, 500 MHz for '"H NMR
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Figure S16. °C NMR Spectra of compound 4a-1. Chloroform-d, 125 MHz for >*C NMR.
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Figure S18. °C NMR Spectra of compound 4a-2. Chloroform-d, 125 MHz for *C NMR.
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Figure S20. °C NMR Spectra of compound 4a-3. Chloroform-d/, 125 MHz for *C NMR.
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Figure S22. °C NMR Spectra of compound 4a. Chloroform-d1, 125 MHz for *C NMR.
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Figure S24. °C NMR Spectra of compound 4b. Chloroform-d/, 125 MHz for *C NMR.
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Figure S25. '"H NMR Spectra of compound 4¢. Chloroform-d7, 500 MHz for '"H NMR.
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Figure S26. *C NMR Spectra of compound 4¢. Chloroform-d/, 125 MHz for *C NMR.
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Figure S28. °C NMR Spectra of compound 4d. Chloroform-d/, 125 MHz for *C NMR
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Figure S30. °C NMR Spectra of compound 4e. Chloroform-d/, 125 MHz for *C NMR.
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Figure S31. '"H NMR Spectra of compound 4f. Chloroform-d/, 500 MHz for '"H NMR.
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Figure S32. °C NMR Spectra of compound 4f. Chloroform-d1, 125 MHz for *C NMR.
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Figure S45. '"H NMR Spectra of compound 1. Methanol-d4, 500 MHz for '"H NMR.
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Figure S56. *C NMR Spectra of compound 2b. Chloroform-d/, 125 MHz for *C NMR.
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Figure S59. '"H NMR Spectra of compound 2d. Chloroform-d/, 500 MHz for '"H NMR.
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Figure S64. °C NMR Spectra of compound 2h. Chloroform-d/, 125 MHz for *C NMR.
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Figure S66. °C NMR Spectra of compound 2i. Chloroform-d/, 125 MHz for '>*C NMR.
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Figure S67. '"H NMR Spectra of compound 2j. Chloroform-d/, 500 MHz for '"H NMR.
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Figure S69. '"H NMR Spectra of compound 2k. Chloroform-d/, 500 MHz for '"H NMR.
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Figure S70. °C NMR Spectra of compound 2k. Chloroform-d/, 125 MHz for °C NMR.
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