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Supplementary Tables

Supplementary Table 1. Bacterial strains used in this work

Strain Characteristics Source or

Reference

E. coil strain

E. coil DH5a Host for general cloning Tiangen biotech
E. coil Donor strain used for E. coli-Streptomyces Ref. 29
ET12567/pUZ8002 conjugation

Streptomyces strain

S. cinnamoneus ATCC Wild-type strain for cinnamonycin production Ref. 29

21532 (WT)

S. coelicolor A3(2) CCR and HCD gene containing strain GCA _008931305.1
AcmmB mutant cmmB in-frame deletion mutant Ref. 29
WT+mgmO mgmO gene integrated strain of WT This work
AcmmB+mgmO mgmO gene integrated strain of AcmmB mutant  This work

S1 Cmm-AT1 replacement mutant with Cmm-AT4 in This work

wild-type streptomyces cinnamoneus

S2 Cmm-AT4 replacement mutant with Mgm-ATS in  This work
wild-type streptomyces cinnamoneus
S3 Cmm-AT5 replacement mutant with Mgm-AT5 in  This work

wild-type streptomyces cinnamoneus

S3-CCR-HCD Ethylmalonyl-CoA pathway key gene This work

overexpression strain of mutant S3

S4 Cmm-AT4 replacement mutant with Mgm-ATS in  This work
S3

S5 Cmm-AT5 replacement mutant with Mgm-ATS in  This work
S4

S5-mgmKSs Cmm-KS5 replacement mutant with Mgm-KS5 in  This work
S5

S5-mgmKSe Cmm-KS6 replacement mutant with Mgm-KS6 in  This work
S5

S5-mgmACPs Cmm-ACP5 replacement mutant with Mgm-ACP  This work
in S5

S6 cmmB in-frame deletion mutant in S5-mgmKS5 This work

S7 Mangromycin C produced strain This work

S5-ASC Mutants with “active site cap” region substitutions This work
in Cmm-KS5



S5-A230T Cmm-KS5 A230T substituted mutant This work

Supplementary Table 2. Nucleotide sequences of gene conversion regions in cmm BGC

AT2, ATesregion:

GGAACCAACGCCCACGTCATCCTGGAACAGGCACCACCAGAGACAGTGGAGGAGCAGGCGCC
CGCCACTGGGCAGAGCGACGTGGTCGTGCCCTGGGTCGTCTCGGGCAAGACCGAAGCAGCCG
TCGACGAACAGCTCGCACGGCTACGCCAATGGGCCCAGCAACGGCCGGACGCCCGGCCAGTC
GACGTCGCCCACGCCTTGGCCACGAGTCGCACGCACTTCGAATACCGGGCCGCGGTCGTAGG
CCGAACCCACGAAGAACTTGTCACCGCGCTGGCCTCGCCCGCATCGGTCTTACGAGGCCGGCG
ACAAGGCCGCGAACTGGCGGTCCTCTTCGCGGGACAGGGCTCACAACGCCCCGGCATGGGAC
GCGAACTCCACGCCACCTACCCAGCCTTCGCCGACGCCTTCGACGCCATCCGCACCGAACTCG
ACCAACACCTAGACCTGCCACTCACCCACATCATGTGGCACGACACCACCGGCCTACTCCACCA
AACCGCCTATACCCAGGCCGCGCTCTTCGCCCTCGAAACAGCCCAATACAGGCTCATAGAAAGC
TGGGGACTACGGCCAGAGGCACTGCTCGGGCACTCGATCGGGGAACTCACCGCAGCCCACGT
CGCCGGCATCTGGTCTCTCGAAGACGCCTGCACCCTGGTCGCCGCACGCGGACGCCTCATGCA
AACCCTCCCCACCAGCGGCACCATGACCGCCCTCCAAGCCACAGAAAACGAAATCGCTCCTCTT
CTCAACGAGCGAGTGAGCCTGGCAGCCATCAACGGCCCCTCATCCGTCGTCATCTCCGGCGAC
AAAGACGCCGTCGACACCATCGCAACAACCGTCACCAACTGGGGCCGCAAAACCAAGAAACTC
CACGTCAGCCACGCCTTCCACTCCCCCCACATGGACCCCATACTCGACGAATTCCAAACCATCG
CCGAGTCCCTCACCTACCACCCACCCCAGCTGACCATCATCTCCAACCTCACCGGCCAACCCAC
CACCACCGACACCCTCACCCCCACCTACTGGACCCACCACATCCGCCAACCCGTCCGCTTCAA
CGACGGCCTCACCCACCTCACCACCCACACCCTCCTCGAACTCGGCCCCGACAGCACCCTCAC
CGCCCTCACCCAACAAACCCACCCCCACACCACCGCCACCCCCCTCCTCCGCAAAAACCACCC
CGAACCCCACACCACCATCACCGCCCTCACCCACCTCCACACCACCGGCACCACCCCCAACTG
GAACACCCTCCTCCCCACCACCCACCCCACCCACGACCTCCCCACCTACCCCTTCCAACACCAC
CACTACTGGCTG

AT7 region:

GCACGAACGCGCACCTCATCCTTGAGGAATCACCCCAGGAGACGGCCGACACGGCGGATCCGA
CCGCGCCCGTCGAGGCCAAGGACGTCGTCGTGCCGTGGGTCGTCTCGGCGAAGTCACCGGAG
GCGCTGGACGAGCAGCTGAGCCGGCTGCGGCGCTGGGCCGAGGACCGTCCCGACGTGCACC
CCGCCGACACGGCGTACGCCCTCGCGACCACCCGCACCCACTTCGATCACCGGGCGGCCGTG
GTGGGCAGCACCCGCGAAGAACTGATCGAGGCCCTGGGCTCGGTCTCGGTGATCCGCGGCAG
GCGGCACGACGGCAGGCTGGCGATCCTCTTCGCGGGACAGGGCTCACAACGGCCCGGCATGG
GGCGCGAACTCCACGCCACCTACCCAGCCTTCGCCGACGCCTTCGACGCCATCCGCACCGAAC
TCGACCAACACCTAGACCAGCCACTCACCCACATCATGTGGCACGACACCACCGGCCTGCTCCA
CCAAACCGCCTACACCCAGGCCGCGCTCTTCGCCCTCGAAACAGCCCAATACAGGCTCATAGAA
AGCTGGGGACTACGGCCAGAGGCACTGCTCGGGCACTCGATCGGGGAACTCACCGCAGCCCA
CGTCGCCGGCATCTGGTCTCTCGAAGACGCCTGCACCCTGGTCGCCGCACGCGGACGCCTCAT
GCAAACCCTCCCCACCAGCGGCACCATGACCGCCCTCCAAGCCACAGAAAACGAAATCGCTCC
TCTTCTCAACGAGCGAGTGAGCCTGGCAGCCATCAACGGCCCCTCATCCGTCGTCATCTCCGG
CGACAAAGACGCCGTCGACACCATCGCAACAACCGTCACCAACTGGGGCCGCAAAACCAAGAA
ACTCCACGTCAGCCACGCCTTCCACTCCCCCCACATGGACCCCATACTCGACGAATTCCAAACC
ATCGCCGAGTCCCTCACCTACCACCCACCCCAGCTGACCATCATCTCCAACCTCACCGGCCAAC
CCACCACCACCGACACCCTCACCCCCACCTACTGGACCCACCACATCCGCCAACCCGTCCGC T
TCAACGACGGCCTCACCCACCTCACCACCCACACCCTCCTCGAACTCGGCCCCGACAGCACCC
TCACCGCCCTCACCCAACAAACCCACCCCCACACCACCGCCACCCCCCTCCTCCGCAAAAACC
ACCCCGAACCCCACACCACCATCACCGCCCTCACCCACCTCCACACCACCGGCACCAcCccCcCA
ACTGGAACACCCTCCTCCCCACCACCCACCCCACCCACGACCTCCCCACCTACCCCTTCCAACA
CCACCACTACTGGCTCGAC




Supplementary Table 3. Gene annotations of mgm BGC.

Gene Amino Proposed Function Protein Identity (%)
Acids Homology
mgmO 493 Tryptophan- TiaM (GenBank: 63.95%
halogenase ADU85999.1)
mgmP 600 3-hydroxybutyryl- ~ WP_011030948. 47.88%
coa dehydrogenase 1
mgmF 450 Crotonyl-coa WP_030863150. 87.64%
carboxylase/reduct 1
ase
mgmL 258  Type Il thioesterase CmmL 50.42%
mgmN 251 Transcriptional WP_104630222. 93.15%
regulator 1
mgmD1 5523 Type | polyketide CmmD1
synthase
mgmD?2 3992 Type | polyketide CmmD2
synthase
mgmD3 2397 Type | polyketide CmmD3
synthase
mgmE 402 FAD-dependent CmmE 55.50%
monooxygenase
mgmG 282 ABC transporter CmmG 62.01%
mgmH 315 ABC transporter CmmH 62.03%
mgml 330 Zinc-binding Cmml 57.23%
alcohol
dehydrogenase
mgmdJ 192 Transcriptional CmmJ 58.76%
regulator
mgmC1 356 Type Il polyketide CmmC1 70.11%
synthase
mgmC?2 238 enoyl-CoA CmmC2 48.68%
hydratase/isomeras
e family protein
mgmC3 485 Enoyl-CoA CmmC3 58.55%
hydratase/isomeras
e family protein
mgmC4 546 Thiamine CmmC4 71.38%
pyrophosphate-
binding protein
mgmC5 486 Benzaldehyde CmmC5 69.20%
dehydrogenase
mgmC6 268 Enoyl-CoA- VemD 79.85%
hydratase
mgmK 1058 Transcriptional CmmK 36.20%

regulator




Supplementary Table 4. Plasmids and primers used to construct of exogenous gene integration mutants

in this study.
Mutant Strain Plasmid | Cloning | Fragment | Primer Primer Template
Method Name Sequence
(5—3)
WT+mgmO pSET152 | DNA mgmO-2 mgmO- | GGAATTCCATA Gene
-mgmO ligation P1 TGACGCGGAA fragment
AGTCCTAG synthesized
AcmmB+mgmO (Ndel) by _
mgmO- | CCGGATATCTC | SenScript
P2 AGGCGACGAC | Biotechnolo
GGeaTCcGae | 9Y GO Ld
(EcoRV)
linearized pSET152- ermE*p digested with Ndel/EcoRV
S3-CCR-HCD pSET152 | Gibson CCR CCR- ACTCCACAGGA genomic
-CCR- assembly HCD-P1 | GGACCCATATG DNA of S.
HCD ACCGTGAAGG coelicolor
ACATCCTGG A3(2)
CCR- GGACTCCAGG
HCD-P2 | AATGAGGTCAG
ATGTTCCGGAA
GCGGTTGATG
HCD CCR- CCTCATTCCTG
HCD-P3 | GAGTCCCGCG
ATGGCCACTCC
CCTGTCCGAC
CCR- TTGGGCTGCA
HCD-P4 | GGTCGACTCTA
GATTATCAGCG
GCGGGCATGC
TCG
linearized pSET152-ermE*p digested with Ndel/Xbal
S7 pSET152 | Gibson mgmO-1 CCR- CATGCCCGCC pSET152-
-CCR- assembly HCD- GCTGATAATCG mgmO
HCD- mgmO- | AGTGTCCGTTC
mgmO P1 GAGTGGC
CCR- CTGCAGGTCG
HCD- ACTCTAGGCGC
mgmO- | TGCAGGTCCG
P2 CGGATC

linearized pSET152-CCR-HCD digested with Xbal




Supplementary Table 5. Plasmids and primers used to construct genetic manipulating mutants in this

study.
Mutant Plasmid | Cloning | Fragment | Primer Primer Sequence Template
Strain Method Name (5°—3’)
S1 pKC1139- | Gibson S1-1 S1-P1 AGCTATGACATGAT | genomic DNA
S1 assembly TACGAATTCGAGTT of S.
CGGCTACCTGAGC | cinnamoneus
ATCAC ATCC 21532
S1-P2 TCTTCGAGGATGA
CGTGGGCGTTGGT
GCCGCTGAC
S1-2 S1-P3 ACGTCATCCTCGA
AGAGGCAC
S1-P4 TGCTCGAACGGGT
ACGTCGGCAGGTC
CACCC
S1-3 S1-P5 ACGTACCCGTTCG
AGCACCGGCACTA
C
S1-P6 TAAAACGACGGCC
AGTGCCAAGCTTG
ACGAGAACATCAA
GAACGCGGTG
linearized pKC1139 digested with EcoRI/Hindlll
S2 pKC1139- | Gibson SAT4-1 S2-P1 CAGCTATGACATG | genomic DNA
S4 S2 assembly ATTACGAATTCATG of S.
GCCACCAGTGAGG | cinnamoneus
CGGTG ATCC 21532
S2-P2 TTCGAGGATGACG
TGGGCGTTG
SAT4-2 S2-P3 CCACGTCATCCTC Gene
GAACAGGCCCCCG fragment
C synthesized
S2-P4 CTCGAAGGCGTAC | by GenScript
GTCGGCAGCTCCA | Biotechnology
CCGTCCGACCCGA Co., Ltd
GC
SAT4-3 S2-P5 ACGTACGCCTTCG | genomic DNA
AGCGGC of S.
S2-P6 TAAAACGACGGCC | cinnamoneus
AGTGCCAAGCTTT ATCC 21532
CCTCCCTGCCGAG
CGTCAG
linearized pKC1139 digested with EcoRI/Hindlll
S3 pKC1139- | Gibson SAT5-1 S3-P1 CAGCTATGACATG | genomic DNA
S5 S3 assembly ATTACGAATTCTGC of S.
TCGACGACGGCGT | cinnamoneus
CCTC ATCC 21532
S3-P2 CCTGTTCGAGGAT
CACGTGGGCGTTG
GTGCCGCTG
SATS-2 S3-P3 GTGATCCTCGAAC Gene
AGGCCCC fragment
S3-P4 TACGTCGGCAGCT synthesized




CCACCGTCCGACC | by GenScript
CGAGC Biotechnology
Co., Ltd
SAT5-3 S3-P5 TGGAGCTGCCGAC | genomic DNA
GTACGCGTTCGAG of S.
S3-P6 TAAAACGACGGCC | cinnamoneus
AGTGCCAAGCTTA ATCC 21532
GTTGAGGACCACG
TCCACTC
linearized pKC1139 digested with EcoRI/Hindlll
S5- pKC1139- | Gibson SKS5-1 KS5-P1 | CAGCTATGACATG | genomic DNA
mgmKSs KS5 assembly ATTACGAATTCGAC of S.
GAGGAGGAGTGGA | cinnamoneus
CCTGTC ATCC 21532
KS5-P2 | ATGGACACGATGA
CGACCGGGTCCCC
GTCCGCCGCGCCC
GACC
SKS5-2 KS5-P3 | GACCCGGTCGTCA Gene
TCGTGTCC fragment
KS5-P4 | CTGTTCGAGGATC synthesized
ACGTGCGCGTTGG | by GenScript
TGCCGGAG Biotechnology
Co., Ltd
SKS5-3 KS5-P5 | CACGTGATCCTCG pKC1139-S3
AACAGGC
KS5-P6 | TAAAACGACGGCC
AGTGCCAAGCTTC
AGGTGAGCCGGAA
CAGCGAG
linearized pKC1139 digested with EcoRI/Hindlll
S5- pKC1139- | Gibson SKS6-1 KS6-P1 | CAGCTATGACATG | genomic DNA
mgmKSe KS6 assembly ATTACGAATTCGTC of S.
TTCCTGACCGCCTA | cinnamoneus
CTACG ATCC 21532
KS6-P2 | ATCGCGATGGGCT
CGTGACGCCGGCT
CTCGACCTCCTGC
AGC
SKS6-2 KS6-P3 | CACGAGCCCATCG Gene
CGATCG fragment
KS6-P4 | AGGATGACGTGGG | synthesized
CGTTGGTGCCGGA | by GenScript
GATGCCGAAG Biotechnology
Co., Ltd
SKS6-3 KS6-P5 | AACGCCCACGTCA | genomic DNA
TCCTGGAAC of S.
KS6-P6 | TAAAACGACGGCC | cinnamoneus
AGTGCCAAGCTTT ATCC 21532
GCATGGCCACCAA
GGAGGAC
linearized pKC1139 digested with EcoRI/Hindlll
S5- pKC1139- | Gibson ACP5-1 ACP5- | CAGCTATGACATGA | genomic DNA
mgmACPs | ACP5 assembly P1 TTACGAATTCTGGC of S.

ACTGGCCCAGGAG

cinnamoneus




TG ATCC 21532
ACP5- | AGCCGTTCGGCCA
P2 GGGTGCCGCCGCC
CTCGG
ACP5-2 ACP5- | ACCCTGGCCGAAC Gene
P3 GGCTC fragment
ACP5- | TCCTCCGGCACCA synthesized
P4 GCAGC by GenScript
Biotechnology
Co., Ltd
ACP5-3 ACP5- | AGCTGCTGGTGCC | genomic DNA
P5 GGAGGAGCCGTC of S.
ACP5- | TAAAACGACGGCC | cinnamoneus
P6 AGTGCCAAGCTTG ATCC 21532
CTGATCCCGAACG
ACGACAC
linearized pKC1139 digested with EcoRI/Hindlll
S6 pKC1139- | DNA cmmB-1 cmmB- | CGGAATTCCGATC | genomic DNA
cmmB ligation P1 ACCACCGGACTGA of S.
(Ref. 1) AG (EcoRl) cinnamoneus
cmmB- | GCTCTAGAGGATG | ATCC 21532
P2 GCTGCCGCTCATC
CAG (Xbal)
cmmB-2 cmmB- | GCTCTAGAGATCA
P3 CGGAGCCTCCAGC
G (Xbal)
cmmB- | CCCAAGCTTCGGC
P4 TCGGCACCATGAA
GACGTC (Hindlll)
linearized pKC1139 digested with EcoRI/Hindlll
S5-ASC pKC1139- | Gibson | ASC-1 ASC-P1 | CAGCTATGACATG | genomic DNA
ASC assembly ATTACGAATTCGAC of S.
GAGGAGGAGTGGA | cinnamoneus
CCTGTC ATCC 21532
ASC-P2 | GTGGACATGACGG
CCACCCCGC
ASC-2 ASC-P3 | TGGCCGTCATGTC Gene
CACGGCCGATCTG fragment
TTCG synthesized
ASC-P4 | GGCGAACGCGGT by GenScript
GCCGTC Biotechnology
Co., Ltd
ASC-3 A230T- | GACGGCACCGCGT | genomic DNA
P5 TCGCCGAGGGGGT of S.
GGGCATGGTGC cinnamoneus
A230T- | CTGTTCGAGGATC ATCC 21532
P6 ACGTGGGCGTTGG
TGCCGCTGAC
ASC-4 ASC-P7 | CACGTGATCCTCG | pKC1139-S3
AACAGGC
ASC-P8 | TAAAACGACGGCC
AGTGCCAAGCTTC
AGGTGAGCCGGAA
CAGCGAG

linearized pKC1139 digested with EcoRI/Hindlll
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S5-A230T | pKC1139- | Gibson A230T1 A230T- | CAGCTATGACATG | genomic DNA
A230T assembly P1 ATTACGAATTCGAC of S.
GAGGAGGAGTGGA | cinnamoneus
CCTGTC ATCC 21532
A230T- | TCCGCAAAGGCCT
P2 TGCAGCG
A230T-2 A230T- | TGCAAGGCCTTTG
P3 CGGACGGCGCGG
ACGGCACCGCCTT
CGGTGAGGG
A230T- | CTGTTCGAGGATC
P4 ACGTGGGCGTTGG
TGCCGCTGAC
A230T-3 A230T- | CACGTGATCCTCG | pKC1139-S3
P5 AACAGGC
A230T- | TAAAACGACGGCC
P6 AGTGCCAAGCTTC
AGGTGAGCCGGAA
CAGCGAG
linearized pKC1139 digested with EcoRI/Hindlll

11




Supplementary Table 6. NMR data of compound 5.

NO. OH (mult., J in Hz) oc C-type
1 165.1 C
2a 3.55 (d, 1H, J=15.7Hz) 46.5 CH2
2b 3.82 (d, 1H, J=15.7Hz)

3 188.3 C
4 110.4 C
5 188.7 C
6 3.41 (m, 1H) 47.6 CH
7a 2.11 (dd, 1H, J=12.9, 3.2Hz) 39.7 CH2
7b 2.69 (t, 1H, J=12.7Hz)

8 134.6 C
9 5.19 (t, 1H, J=8.4Hz) 122.6 CH
10a 2.16 (dd, 1H, J=12.8Hz, 8.0Hz) 33.7 CH2
10b 2.23 (dt, 1H, J=12.7Hz, 10.0Hz)

11 3.26 (overlapped, 1H) 75.5 CH
12a 1.66 (m, 1H) 31.2 CH2
12b 1.85 (ddd, 1H, J=16.8, 19.9, 4.2 Hz)

13 5.39 (q, 1H, J=3.0Hz) 67.1 CH
14 3.25 (overlapped, 1H) 75.5 CH
15 4.96 (d, 1H, J=1.8Hz) 75.1 CH
16 1111 C
17 * C
18 * C
19 114.3 C

20 * C

21 * C
8-CHs 1.68 (s, 3H) 16.7 CHs
14-OCHs 3.40 (s, 3H) 59.3 CHs
19-CHs 1.94 (s, 3H) 7.8 CHs
1 3.74 (d, 1H, J=5.0Hz) 74.3 CH

2'a 1.40 (m, 1H) 35.8 CH2
2'b 1.58 (m, 1H)

3'a 1.39 (m, 1H) 25.2 CH2
3'b 1.53 (m, 1H)

4 1.30 (m, 2H) 31.7 CH2
5 1.32 (m, 2H) 22.6 CH2
6’ 0.90 (t, 3H, J=6.9Hz) 14.0 CHs

'"H NMR: 600 MHz; *C NMR: 150 MHz (in CDCls).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 7. NMR data of compound 6.

(6)

NO. OH (mult., J in Hz) oC C-type
1 165.3 C
2a 3.54 (d, 1H, J=15.7Hz) 46.9 CH2
2b 3.82 (d, 1H, J=15.7Hz)
3 189.7 C
4 109.1 C
5 188.5 C
6 3.29 (m, 1H) 42.0 CH
7a 2.07 (dd, 1H, J=13.0, 3.0Hz) 421 CH2
7b 2.47 (dd, 1H, J=13.5, 6.2Hz)
8 135.4 C
9 5.16 (t, 1H, J=8.3Hz) 122.0 CH
10a 2.17 (m, 1H) 33.7 CH2
10b 2.21 (m, 1H)
11 3.25 (overlapped, 1H) 75.5 CH
12a 1.67 (m, 1H) 31.1 CH2
12b 1.83 (ddd, 1H, J=14.0, 11.3, 2.5 Hz)
13 5.39 (q, 1H, J=3.0Hz) 67.1 CH
14 3.25 (overlapped, 1H) 75.5 CH
15 4.95 (d, 1H, J =1.8Hz) 75.2 CH
16 111.2 C
17 * C
18 * C
19 1141 C
20 * C
21 * C
8-CH3 1.66 (s, 3H) 16.8 CH3
14-OCH3 3.40 (s, 3H) 59.2 CH3
19-CH3 1.94 (s, 3H) 7.8 CH3
1"a 1.47 (m, 1H) 33.9 CH2
1'b 1.67 (m, 1H)
2'a 1.27 (m, 1H) 27.2 CH2
2’b 1.34 (m, 1H)
3 1.27 (m, 2H) 29.3 CH2
4’ 1.26 (m, 2H) 31.6 CH2
5 1.28 (m, 2H) 22.6 CH2
6 0.88 (t, 3H, J=7.0 Hz) 14.1 CH3

"H NMR: 600 MHz; *C NMR: 150 MHz (in DMSO-d6).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.



Supplementary Table 8. NMR data of compound 7.

(7)
NO. Ou1 (mult., J in Hz) oc C-type
1 165.0 C
2a 3.55 (d, 1H, J=15.7Hz) 46.7 CH2
2b 3.82 (d, 1H, J=15.7Hz)
3 188.2 C
4 110.4 C
5 188.8 C
6 3.41 (m, 1H) 47.7 CH
7a 2.11 (dd, 1H, J=12.9, 3.2Hz) 39.6 CH2
7b 2.69 (t, 1H, J=12.7Hz)
8 134.7 C
9 5.19 (t, 1H, J=8.4Hz) 122.6 CH
10a 2.18 (dd, 1H, J=12.8, 6.9Hz) 33.7 CH2
10b 2.24 (dt, 1H, J=12.7, 10.0Hz)
11 3.26 (overlapped, 1H) 75.5 CH
12a 1.67 (m, 1H) 31.2 CH2
12b 1.86 (ddd, 1H, J=14.0, 11.3, 2.5 Hz)
13 5.39 (q, 1H, J=2.9Hz) 67.1 CH
14 3.26 (overlapped, 1H) 75.5 CH
15 4.98 (d, 1H, J =1.8Hz) 75.1 CH
16 112.0 C
17 * C
18 * C
19 6.00 (s, 1H) 105.0 CH
20 * C
21 * C
8-CHs 1.68 (s, 3H) 16.8 CHs
14-OCHs 3.41 (s, 3H) 59.3 CHs
1 1.47 (m, 1H) 33.9 CH
2'a 1.40 (m, 1H) 35.8 CHz
2’b 1.58 (m, 1H)
3'a 1.39 (m, 1H) 25.2 CHz
3'b 1.53 (m, 1H)
4’ 1.31 (m, 2H) 31.9 CHz
5 1.32 (m, 2H) 22.7 CHz
6 0.90 (t, 3H, J=6.9 Hz) 13.9 CHs

"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 9. NMR data of compound 8.

(8)
NO. Ox (mult., J in Hz) oc C-type
1 165.2 C
2a 3.54 (d, 1H, J=15.7Hz) 47.0 CH2
2b 3.83 (d, 1H, J=15.7Hz)
3 189.7 C
4 109.1 C
5 188.5 C
6 3.29 (m, 1H) 42.2 CH
7a 2.07 (dd, 1H, J=12.9, 2.4Hz) 42.4 CH2
7b 2.48 (t, 1H, J=12.6)
8 135.5 C
9 5.16 (t, 1H, J=8.4Hz) 122.0 CH
10a 2.17 (m, 1H) 33.6 CH2
10b 2.21 (m, 1H)
11 3.25 (overlapped, 1H) 75.5 CH
12a 1.68 (m, 1H) 31.1 CH2
12b 1.84 (ddd, 1H, J=14.1, 11.2, 2.5 Hz)
13 5.39 (q, 1H, J=3.0Hz) 67.1 CH
14 3.25 (overlapped, 1H) 75.5 CH
15 4.95 (d, 1H, J =1.7Hz) 75.2 CH
16 111.2 C
17 * C
18 * C
19 5.99 (s, 1H) 105.0 CH
20 * C
21 * C
8-CHs 1.67 (s, 3H) 16.7 CHs
14-OCHs 3.39 (s, 3H) 59.2 CHs
1"a 1.47 (ddt, 1H, J=14.3, 10.1, 5.2 Hz) 33.9 CHz
1'b 1.67 (m, 1H)
2'a 1.27 (m, 1H) 27.2 CH2
2’b 1.34 (m, 1H)
3 1.26 (m, 2H) 29.5 CHz
4’ 1.26 (m, 2H) 31.6 CHz
5 1.28 (m, 2H) 22.5 CHz
6 0.88 (t, 3H, J=6.9 Hz) 14.0 CHs

"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 10. NMR data of compound 9.

(9)

NO. Oun (mult., J in Hz) oc C-type
1 167.0 C
2 3.43 (td, 2H, J=21.4, 7.4Hz) 47.5 CH2
3 190.0 C
4 5.48 (s, 1H) 101.2 CH
5 191.2 C
6 2.30 (ddd, J=12.4, 5.7, 3.2Hz) 52.6 CH
7a 2.08 (dd, 1H, J=13.1, 3.2Hz) 39.7 CH2
7b 2.59 (t, 1H, J=12.7 Hz)

8 135.6 C
9 5.12 (overlapped, 1H) 121.6 CH
10a 2.16 (dt, 1H, J=7.4, 2.7Hz) 34.5 CH2
10b 2.24 (m, 1H)

11 3.36 (ddd, 1H, J=12.9, 7.1, 4.3Hz) 76.0 CH
12 1.68 (m, 2H) 30.7 CH2
13 5.14 (overlapped, 1H) 721 CH
14 2.16 (dtd, 1H, J=10.0, 7.2, 2.6Hz) 34.5 CH
15 5.21 (d, 1H, J=2.7Hz) 76.0 CH
16 112.4 C
17 * C
18 * C
19 114.2 C

20 * C

21 * C
8-CHs 1.61 (s, 3H) 171 CHs
14-CHs 1.01 (d, 3H, J=7.4Hz) 11.5 CHs
19-CHs 1.93 (s, 3H) 7.9 CHs

1 3.69 (m, 1H) 73.7 CH

2'a 1.40 (m, 1H) 36.0 CHz

2'b 1.50 (m, 1H)

3'a 1.35 (m, 1H) 25.4 CHz

3'b 1.49 (m, 1H)

4’ 1.31 (m, 2H) 31.7 CH2
5 1.29 (m, 2H) 22.6 CHz
6 0.89 (t, 3H, J=6.9Hz) 14.1

"H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 11. NMR data of compound 10.

(10)

NO. OuH (mult., J in Hz) oc C-type
1 167.2 C
2 3.42 (m, 2H) 48.5 CH2
3 191.4 C
4 5.44 (s, 1H) 99.8 CH
5 190.5 C
6 2.17 (overlapped, 1H) 47.2 CH
7a 2.02 (dd, 1H, J=12.8, 3.0Hz) 42.5 CHz
7b 2.36 (t, 1H, J=12.5 Hz)

8 136.2 C
9 5.09 (t, 1H, J=8.0Hz) 121.3 CH
10 2.23 (m, 2H) 34.4 CH2
11 3.35 (m, 1H) 76.5 CH
12a 1.65 (ddd, 1H, J=14.4, 11.1, 2.5Hz) 30.7 CH2
12b 1.69 (overlapped, 1H)

13 5.14 (q, 1H, J=2.8 Hz) 72.1 CH
14 2.16 (overlapped, 1H) 35.0 CH
15 5.21 (d, 1H, J=2.7Hz) 76.5 CH
16 112.4 C
17 * C
18 * C
19 1141 C

20 * C

21 * C
8-CHs 1.59 (d, 3H, J=1.4Hz) 17.0 CHs
14-CHjs 1.01 (d, 3H, J=7.4Hz) 11.6 CHs
19-CHjs 1.93 (s, 3H) 7.8 CHs

1"a 1.38 (m, 1H) 33.2 CH2
1b 1.68 (overlapped, 1H)

2 1.26 (overlapped, 2H) 29.3 CH2
3 1.26 (overlapped, 2H) 27.7 CH2
4 1.26 (overlapped, 2H) 31.6 CH2
5 1.26 (overlapped, 2H) 22.6 CHz
6 0.88 (t, 3H, J=6.9Hz) 14 .1 CHs

'H NMR: 600 MHz; *C NMR: 150 MHz (in DMSO-ds).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 12. NMR data of compound 11.

(11)

NO. Ou (mult., J in Hz) oc C-type
1 166.7 C
2a 3.43 (d, 1H, J=14.1Hz) 47.3 CHz
2b 3.46 (d, 1H, J=14.1Hz)

3 189.3 C

4 5.46 (s, 1H) 101.3 CH
5 191.3 C

6 2.27 (ddd, 1H, J=12.3, 5.7, 3.1Hz) 52.8 CH
7a 2.20 (overlapped, 1H) 35.5 CH2
7b 2.50 (t, 1H, J=12.8Hz)

8 141.1 C

9 5.04 (overlapped, 1H) 121.0 CH

10 2.22 (overlapped, 1H) 33.6 CH2
11 3.29 (t, 1H, J=10.3Hz) 74.9 CH

12a 1.74 (d, 1H, J=14.3Hz) 30.1 CHz

12b 1.80 (d, 1H, J=14.3Hz)

13 5.34 (q, 1H, J=3.0Hz) 66.3 CH
14 3.28 (m, 1H) 75.8 CH
15 5.03 (overlapped, 1H) 74.6 CH
16 111.2 C
17 * C
18 * C
19 114.2 C
20 * C
21 * C

14-OCHs 3.37 (s, 3H) 59.2 CHs
19-CHs 1.94 (s, 3H) 7.7 CHs
1 3.69 (ddd, 1H, J=9.0, 5.8, 2.9Hz) 73.9 CH

2'a 1.41 (m, 1H) 35.9 CH2

2'b 1.50 (m, 1H)

3'a 1.35 (m, 2H) 25.3 CH2

3'b 1.50 (m, 2H)

4 1.31 (m, 2H) 31.6 CHz
5 1.31 (m, 2H) 23.2 CHz
6 0.90 (t, 3H, J=6.9Hz) 13.9 CHs

7"a 1.82 (m, 1H) 23.21 CH2

7'b 2.10 (dq, 1H, J=14.8, 7.5Hz)

8 0.95 (t, 3H, J=7.2Hz) 12.8 CHs

"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 13. NMR data of compound 12.

6 4 2
(12)

NO. 61 (mult., J in Hz) oc C-type
1 167.0 C
2a 3.43 (d, 1H, J=13.9Hz) 48.1 CHz

2b 3.48 (d, 1H, J=13.9Hz)

3 190.8 C
4 5.44 (s, 1H) 99.9 CH
5 190.8 C
6 2.17 (overlapped, 1H) 48.1 CH
7a 2.16 (overlapped, 1H) 38.3 CHz
7b 2.31 (m, 1H)

8 141.6 C
9 5.04 (t, 1H, J=8.3Hz) 120.6 CH
10 2.24 (overlapped, 2H) 33.6 CHz
11 3.30 (overlapped, 1H) 75.6 CH
12 1.79 (q, 2H, J=2.5Hz) 30.2 CH2
13 5.37 (q, 1H, J=2.9Hz) 66.4 CH
14 3.30 (overlapped, 1H) 75.6 CH
15 5.07 (d, 1H, J=1.7Hz) 74.7 CH
16 111.2 C
17 * C
18 * C
19 114.2 C
20 * C
21 * C

14-OCHs 3.40 (s, 3H) 59.2 CHs
19-CHs 1.97 (s, 3H) 7.8 CHs

1"a 1.43 (ddd, 1H, J=13.8, 8.7, 5.0Hz) 33.4 CH
1b 1.71 (m, 1H)

2 1.29 (overlapped, 2H) 29.2 CHz
3 1.29 (overlapped, 2H) 27.5 CH2
4’ 1.29 (overlapped, 2H) 31.6 CH2
5 1.30 (overlapped, 2H) 22.5 CH2
6 0.91 (q, 3H, J=6.2HZz) 141 CHs
7'a 1.86 (m, 1H) 23.4 CHz2
7'b 2.11 (m, 1H)

8 0.98 (t, 3H, J=7.5Hz) 13.0 CHs

'H NMR: 600 MHz; *C NMR: 150 MHz (in DMSO-ds).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 14. NMR data of compound 13a.

(13a)
NO. Ox (mult., J in Hz) oc C-type
1 167.1 C
2a 3.39 (d, 1H, J=13.7Hz) 48.2 CH2
2b 3.45 (d, 1H, J=13.7Hz)
3 190.9 C
4 5.42 (s, 1H) 98.3 CH
5 190.9 C
6 2.33 (m, 1H) 41.1 CH
7a 1.98 (m, 1H) 43.3 CH2
7b 2.38 (overlapped, 1H)
8 135.9 C
9 5.08 (t, 1H, J=8.4Hz) 121.4 CH
10a 2.21 (m, 1H) 34.2 CHz
10b 2.35 (overlapped, 1H)
11 3.29 (m, 1H) 74.7 CH
12a 1.60 (overlapped, 1H) 30.4 CH:2
12b 1.78 overlapped, 1H)
13 5.34 (q, 1H, J=3.0Hz) 66.2 CH
14 3.27 (m, 1H) 75.7 CH
15 5.03 (d, 1H, J =1Hz) 74.7 CH
16 111.1 C
17 * C
18 * C
19 114.0 C
20 * C
21 * C
6-CHs 1.18 (d, 3H, J = 6.3Hz) 18.4 CHs
8-CHs 1.58 (d, 3H, J=1.6Hz) 18.2 CHs
14-OCHs 3.36 (s, 3H) 59.1 CHs
19-CHs 1.94 (s, 3H) 7.5 CHs

'"H NMR: 600 MHz; "*C NMR: 150 MHz (in CDCI3).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 15. NMR data of compound 13b.

(13b)
NO. Ox (mult., J in Hz) oc C-type
1 167.1 C
2a 3.39 (d, 1H, J=14.0Hz) 48.3 CH2
2b 3.44 (d, 1H, J=14.0Hz)
3 191.5 C
4 5.46 (s, 1H) 98.5 CH
5 191.2 C
6 2.35(m, 1H) 41.4 CH
7a 1.99 (d, 1H, J=10.66 Hz) 44.0 CH2
7b 2.36 (m, 1H)
8 135.5 C
9 5.11 (t, 1H, J=8.4Hz) 121.8 CH
10a 2.21 (overlapped, 1H) 34.3 CHz
10b 2.29 (m, 1H)
11 3.31 (m, 1H) 74.8 CH
12a 1.60 (overlapped, 1H) 30.7 CH:2
12b 1.82 (ddd, 1H, J=14.0, 11.3, 2.5 Hz)
13 5.32 (q, 1H, J=2.9Hz) 67.9 CH
14 3.32 (m, 1H) 76.6 CH
15 5.26 (d, 1H, J =1.6Hz) 75.4 CH
16 107.38 C
17 144.3 C
18 138.4 C
19 123.8 C
20 138.4 C
21 144.3 C
6-CHs 1.18 (d, 3H, J =6.1Hz) 18.5 CHs
8-CHs 1.60 (s, 3H) 17.0 CHs
14-OCHs 3.21 (s, 3H) 59.6 CHs
18-OCH3 3.74 (s, 3H) 60.6 CHs
19-CHs 2.21 (s, 3H) 9.5 CHs
20-OCH3 3.74 (s, 3H) 60.6 CHs

"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).
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Supplementary Table 16

. NMR data of compound 14a.

(14a)
NO. O1 (mult., J in Hz) oc C-type
1 166.9 C
2a 3.40 (d, 1H) 48.2 CH2
2b 3.46 (m, 1H)
3 191.1 C
4 5.44 (s, 1H) 100.0 CH
5 190.1 C
6 2.09 (m, 1H) 48.9 CH
7a 2.04 (dd, 1H, J=12.8, 3.2Hz) 421 CH2
7b 2.36 (t, 1H, J=12.5Hz)
8 135.9 C
9 5.09 (t, 1H, J=8.4Hz) 121.5 CH
10 2.21 (m, 1H) 341 CH2
11 3.28 (overlapped, 1H) 75.3 CH
12 1.75 (ddd, 1H, J=14.0, 11.2, 2.6 Hz) 30.4 CH2
13 5.35 (q, 1H, J=3.0Hz) 66.3 CH
14 3.28 (overlapped, 1H) 75.3 CH
15 5.04 (d, 1H, J =1.7Hz) 74.8 CH
16 111.2 C
17 * C
18 * C
19 114.2 C
20 * C
21 * C
8-CHs 1.59 (s, 3H) 17.0 CHs
14-OCHs 3.37 (s, 3H) 59.2 CHs
19-CHs 1.95 (s, 3H) 7.7 CHs
1"a 1.47 (m, 1H) 26.2 CH2
1b 1.71 (m, 1H)
2 0.89 (t, 3H, J =7.4Hz) 12.1 CHs

"H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.

22



Supplementary Table 17. NMR data of compound 15a.

(15a)
NO. O1 (mult., J in Hz) oc C-type
1 167.1 C
2a 3.40 (d, 1H, J=13.8Hz) 48.2 CH2
2b 3.46 (d, 1H, J=13.8Hz)
3 191.0 C
4 5.43 (s, 1H) 99.7 CH
5 190.5 C
6 2.16 (m, 1H) 46.9 CH
7a 2.02 (m, 1H) 42.5 CH2
7b 2.36 (t, 1H, J=12.5)
8 136.0 C
9 5.08 (t, 1H, J=8.4Hz) 121.4 CH
10 2.20 (t, 1H, J=7.9Hz) 34.1 CH2
11 3.28 (overlapped, 1H) 74.7 CH
12a 1.70 (m, 1H) 30.4 CHz
12b 1.78 (ddd, 1H, J=14.1, 11.3, 2.5 Hz)
13 5.35(q, 1H, J=2.9Hz) 66.3 CH
14 3.27 (overlapped, 1H) 75.7 CH
15 5.03 (d, 1H, J =1.7Hz) 74.7 CH
16 111.2 C
17 * C
18 * C
19 114.1 CH
20 * C
21 * C
8-CHs 1.59 (s, 3H) 17.00 CHs
14-OCHs 3.37 (s, 3H) 59.3 CHs
1"a 1.40 (m, 1H) 33.0 CHz
1b 1.69 (m, 1H)
2 1.23 (m, 1H) 30.0 CHz
3 1.30 (m, 2H) 22.7 CHz
4’ 0.88 (t, 3H, J=7.2 Hz) 13.9 CHs

'"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 18. NMR data of compound 16.

(16)
NO. OuH (mult., J in Hz) oc C-type
1 166.9 C
2a 3.42 (d, H, J=14.1Hz) 47.7 CH2
2b 3.46 (d, 1H, J=14.1Hz)
3 189.4 C
4 5.47 (s, 1H) 101.4 CH
5 191.5 C
6 2.26 (overlapped, 1H) 52.5 CH
7a 2.17 (m, 1H) 35.4 CH2
7b 2.50 (t, 1H, J=12.7 Hz)
8 141.0 C
9 5.04 (t, 1H, J=8.3Hz) 120.9 CH
10 2.26 (overlapped, 2H) 52.5 CHz
11 3.36 (m, 1H) 76.5 CH
12a 1.66 (m, 1H) 30.2 CHz
12b 1.72 (m, 1H)
13 5.14 (t, 1H, J=2.9Hz) 721 CH
14 2.16 (m, 1H) 35.0 CH
15 5.21 (d, 1H, J=2.7Hz) 76.5 CH
16 112.2 C
17 * C
18 * C
19 114.1 C
20 * C
21 * C
14-CHs 1.01 (d, 3H, J=7.4Hz) 11.3 CHs
19-CHs 1.93 (s, 3H) 7.6 CHs
1 3.68 (m, 1H) 721 CH
2'a 1.40 (m, 1H) 35.9 CHz
2'b 1.49 (m, 1H)
3'a 1.35 (m, 1H) 25.1 CHz
3'b 1.48 (m, 1H)
4’ 1.29 (m, 2H) 31.6 CHz
5 1.31 (m, 2H) 22.8 CHz
6 0.89 (d, 3H, J=7.1Hz) 13.9 CHs
7'a 1.83 (m, 1H) 23.2 CH2
7'b 2.10 (m, 1H)
8 0.96 (t, 3H, J=7.5Hz) 12.8 CHs

'"H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-ds).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.

24



Supplementary Table 19. NMR data of compound 17.

(17)

NO. OuH (mult., J in Hz) oc C-type
1 167.1 C
2a 3.41 (d, 1H, J=13.8Hz) 48.3 CHz
2b 3.44 (d, 1H, J=13.8Hz)

3 191.2 C

4 5.42 (s, 1H) 100.0 CH
5 190.5 C

6 2.13 (overlapped, 1H) 47 .4 CH
7a 2.13 (overlapped, 1H) 38.2 CH:2
7b 2.27 (t, 1H, J=13.3 Hz)

8 141.6 C

9 5.01 (t, 1H, J=8.3Hz) 120.1 CH

10 2.23 (m, 2H) 33.8 CHz
11 3.34 (m, 1H) 75.9 CH
12a 1.64 (overlapped, 1H) 30.4 CH:2
12b 1.73 (overlapped, 1H)

13 5.14 (q, 1H, J=2.8 Hz) 71.8 CH
14 2.16 (m, 1H) 35.0 CH
15 5.22 (d, 1H, J=2.7Hz) 76.2 CH
16 112.2 C
17 * C
18 * C
19 114.1 C
20 * C
21 * C

14-CHs 1.01 (d, 3H, J=7.4Hz) 11.5 CHs
19-CHs 1.93 (s, 3H) 7.6 CHs

1"a 1.40 (m, 1H) 33.8 CHz
1b 1.67 (overlapped, 1H)

2 1.26 (overlapped, 2H) 29.3 CH2
3 1.25 (overlapped, 2H) 271 CH2
4 1.29 (overlapped, 2H) 31.6 CH2
5 1.28 (overlapped, 2H) 22.4 CH2
6 0.88 (t, 3H, J=7.0Hz) 14.0 CHs

7'a 1.81 (m, 1H) 23.1 CH2
7'b 2.07 (m, 1H)

8 0.95 (t, 3H, J=7.5Hz) 13.1 CHs

"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 20. NMR data of compound 18b.

(18b)
NO. 61 (mult., J in Hz) oc C-type
1 167.3 C
2 3.42(d, 2H, J=13.8Hz) 48.4 CHz
3 191.3 C
4 5.46 (overlapped, 1H) 100.2 CH
5 190.5 C
6 2.07 (m, 1H) 49.2 CH
7a 2.14 (m, 1H) 38.1 CHz
7b 2.26 (d, 1H, J=12.8Hz)
8 141.3 C
9 5.04 (t, 1H, J=8.1Hz) 1211 CH
10a 2.22 (m, 1H) 34.1 CH2
10b 2.31 (m, 1H)
11 3.38 (m, 1H) 75.8 CH
12a 1.68 (m, 1H) 30.5 CHz
12b 1.74 (m, 1H)
13 5.17 (td, 1H, J=22.2, 1.7Hz) 72.7 CH
14 2.18 (overlapped, 1H) 35.4 CH
15 5.46 (overlapped, 1H) 75.8 CH
16 108.5 C
17 141.7 C
18 138.7 C
19 123.4 C
20 138.7 C
21 141.7 C
14-CHs 0.98 (m, 3H) 11.6 CHs
18-OCHs 3.73 (s, 3H) 60.7
19-CHs 2.20 (s, 3H) 9.4 CHs
20-OCHs 3.73 (s, 3H) 60.7
1"a 1.46 (m, 1H) 26.4 CH
1b 1.70 (m, 1H)
2 0.89 (t, 3H, J=7.4 Hz) 12.2 CHz
3'a 1.83 (dq, 1H, J=14.8, 7.6 Hz) 23.4 CH2
3'b 2.09 (overlapped, 1H)
4 0.95 (t, 3H, J=7.6Hz) 12.4 CH2

'H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-ds).
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Supplementary Table 21. NMR data of compound 18c.

(18c)

NO. Ou (mult., J in Hz) oc C-type
1 167.1 C
2 3.43 (s, 1H) 48.4 CH2
3 191.5 C
4 5.44 (s, 1H) 100.0 CH
5 190.0 C
6 2.06 (m, 1H) 48.4 CH
7a 2.14 (m, 1H) 38.1 CH2
7b 2.27 (t, 1H, J=12.5Hz)

8 141.8 C
9 5.02 (t, J=8.3Hz, 1H) 120.4 CH
10a 2.22 (m, 1H) 33.2 CH2
10b 2.36 (q, 1H, J=7.7Hz)
11 3.36 (ddt, 1H, J=12.0, 9.7, 2.4Hz) 76.6 CH
12a 1.63 (m, 1H) 30.3 CHz
12b 1.73 (m, 1H)
13 5.14 (q, 1H, J=2.8Hz) 71.8 CH
14 2.18 (m, 1H) 35.1 CH
15 5.21 (d, 1H, J=2.7 Hz) 76.6 CH
16 114.6 C
17 155.3 C
18 183.2 C
19 125.8 C
20 155.5 C
21 182.00 C
14-CHs 1.01 (d, 3H, J=7.4Hz) 11.4 CHs
19-CHs 1.94 (s, 3H) 8.0 CHs
20-OCHs 4.01 (s, 3H) 61.5 CHs

1"a 1.46 (m, 1H) 25.9 CH2
1'b 1.70 (m, 1H)

2 0.89 (t, 3H, J=7.4Hz) 12.2 CHs

3'a 1.82 (m, 1H) 23.4 CHz
3'b 2.08 (m, 1H)

4 0.95 (t, 3H, J=7.5Hz) 13.0 CHs

"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).
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Supplementary Table 22. NMR data of compound 19a.

NO. 61 (mult., J in Hz) oc C-type
1 167.1 C
2a 3.41(d, 1H, J=13.8Hz) 48.4 CHz
2b 3.45(d, 1H, J=13.8Hz)
3 191.2 C
4 5.44 (s, 1H) 99.9 CH
5 190.5 C
6 2.13 (overlapped, 1H) 47.4 CH
7a 2.13 (overlapped, 1H) 38.6 CHz
7b 2.28 (t, 1H, J=13.2Hz)
8 141.7 C
9 5.01 (t, 1H, J=8.3Hz) 121.4 CH
10 2.23 (m, 2H) 33.8 CH2
11 3.35 (m, 1H) 76.6 CH
12a 1.65 (m, 1H) 30.4 CHz
12b 1.72 (m, 1H)
13 5.14 (q, 1H, J=2.8Hz) 71.7 CH
14 2.16 (m, 1H) 34.7 CH
15 5.22 (d, 1H, J=2.7Hz) 76.6 CH
16 112.3 C
17 * C
18 * C
19 114.0 C
20 * C
21 * C
14-CHs 1.01 (d, 3H, J=7.4Hz) 11.9 CHs
19-CHs 1.93 (s, 3H) 7.5 CHs
1"a 1.40 (ddt, 1H, J=13.4, 10.6, 5.8Hz) 33.3 CH
1'b 1.67 (ddd, 1H, J=8.9, 4.4, 3.0 Hz)
2 1.23 (m, 2H) 29.9 CH2
3 1.29 (m, 2H) 22.6 CHz
4 0.88 (t, 3H, J=7.2Hz) 13.8 CH2
5a 1.81 (dq, 1H, J=14.7, 7.6Hz) 23.5 CHz
5b 2.08 (tt, 1H, J=14.2, 7.4Hz)
6 0.94 (t, 3H, J=7.2Hz) 11.9 CHs

'H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-ds).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.

28



Supplementary Table 23. NMR data of compound 19b.

(19b)
NO. 61 (mult., J in Hz) oc C-type
1 167.3 C
2a 3.40 (d, 1H, J=14.0Hz) 38.4 CHz
2b 3.44 (d, 1H, J=14.0Hz)
3 191.4 C
4 5.45 (s, 1H) 100.1 CH
5 190.6 C
6 2.15 (overlapped, 1H) 47 .4 CH
7a 2.14 (overlapped, 1H) 38.4 CH:2
7b 2.27 (m, 1H)
8 141.6 C
9 5.04 (t, 1H, J=8.3Hz) 121.2 CH
10a 2.22 (m, 1H) 34.2 CH2
10b 2.31(m, 1H)
11 3.38 (m, 1H) 75.9 CH
12a 1.68 (m, 1H) 30.5 CHz
12b 1.74 (m, 1H)
13 5.17 (q, 1H, J=2.7Hz) 72.7 CH
14 2.19 (m, 1H) 35.4 CH
15 5.46 (d, 1H, J=2.8Hz) 771 CH
16 108.5 C
17 * C
18 138.6 C
19 123.6 C
20 138.6 C
21 * C
14-CHs 0.97 (d, 3H, J=7.4Hz) 11.9 CHs
18-OCHs 3.73 (s, 3H) 60.6 CHs
19-CHs 2.20 (s, 3H) 9.4 CHs
20-OCHs 3.73 (s, 3H) 60.6 CHs
1"a 1.41 (m, 1H) 33.04 CH2
1'b 1.69 (m, 1H)
2 1.25 (overlapped, 2H) 27.5 CHz
3 1.30 (overlapped, 2H) 22.8 CH2
4 0.88 (t, 3H, J=6.8Hz) 13.8 CHs
5a 1.83 (m, 1H) 23.5 CHz
5b 2.09 (m, 1H)
6 0.94 (t, 3H, J=7.6Hz) 11.9 CHs

'H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-ds).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.
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Supplementary Table 24. NMR data of compound 19c.

(19¢)

NO. 61 (mult., J in Hz) oc C-type
1 166.5 C
2 3.45 (s, 2H) 48.4 CH2
3 191.00 C
4 5.45 (s, 1H) 99.9 CH
5 190.5 C
6 2.15 (overlapped, 1H) 47 .4 CH
7a 2.16 (overlapped, 1H) 38.4 CH:2
7b 2.29 (t, 1H, J=13.2Hz)

8 141.8 C
9 5.03 (t, 1H, J=8.3Hz) 120.6 CH
10 2.25 (m, 2H) 33.9 CHz
11 3.37 (m, 1H) 76.1 CH
12a 1.64 (m, 1H) 30.4 CH2
12b 1.76 (m, 1H)

13 5.16 (q, 1H, J=2.7Hz) 72.0 CH
14 2.20 (m, 1H) 35.3 CH
15 5.23 (d, 1H, J=2.7Hz) 76.9 CH
16 114.3 C
17 155.3 C
18 183.2 C
19 125.5 C

20 155.4 C

21 181.7 C
14-CHs 1.03 (d, 3H, J=7.2Hz) 11.4 CHs
19-CHs 1.96 (s, 3H) 8.3 CHs
20-OCH3 4.03 (s, 3H) 61.2 CHs

1"a 1.43 (m, 1H) 33.1 CH2
1'b 1.70 (m, 1H)

2 1.27 (m, 2H) 29.8 CH2
3 1.32 (m, 2H) 22.6 CH2
4 0.90 (t, 3H, J=7.2Hz) 14.0 CHs
5a 1.84 (m, 1H) 23.5 CHz
5b 2.10 (m, 1H)

6 0.96 (t, 3H, J=7.5Hz) 13.0 CHs

'"H NMR: 600 MHz; "*C NMR: 150 MHz (in DMSO-db).
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Supplementary Table 25. NMR data of compound 21.

(21)

NO. 61 (mult., J in Hz) oc C-type
1 165.1 C
2a 3.53(d, 1H, J=15.6Hz) 47.0 CH2
2b 3.53(d, 1H, J=15.6Hz)

3 189.6 C
4 109.2 C
5 188.8 C
6 3.19 (m, 1H) 43.8 CH
7a 2.23 (overlapped, 1H) 37.8 CH:2
7b 2.36 (t, 1H, J=12.7Hz)

8 141.3 C
9 5.10 (t, 1H, J=8.3Hz) 120.9 CH
10 2.20 (overlapped, 1H) 33.4 CHz
11 3.35(m, 1H) 76.6 CH
12 1.67 (m, 1H) 30.8 CH2
13 5.17 (brs, 1H) 72.5 CH
14 2.17 (m, 1H) 34.9 CH
15 5.16 (brs, 1H) 77.4 CH
16 114.9 C
17 156.0 C
18 *

19 5.80 (s, 1H) 104.5 CH
20 158.7 C
21 180.0 C

14-CHs 0.99 (overlapped, 3H) 11.4 CHs
20-OCHs 3.80 (s, 3H) 56.3

1"a 1.53 (m, 1H) 27.0 CH2
1b 1.69 (m, 1H)

2" 0.94 (t, 3H, J=7.4 Hz) 11.6 CHs
3 1.88 (m, 1H) 23.0 CHz
4’ 0.98 (overlapped, 3H) 12.8 CHs

"H NMR: 600 MHz; '*C NMR: 150 MHz (in DMSO-db).

* The interconversion of the benzoquinone moiety led to the missing of these carbon signals.

31



Supplementary Figure

l Compare these results against the new Clustered nr database @

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ¥ Select columns ~  Show (2}
select all 100 sequences selected Graphics Distance tree of results  Multiple alignment MSA Viewer
D Soonifo N0 | S| core| Coror [vame | lnt | | Aes8n
v v v v - v

L4 type | polyketide synthase [Streptomyces cinnamoneus Streptomycesci... 848 1411 100% 0.0 100.00% 3925 WP 1977351
/Re | polyketide synthase [Stre Streptomyces m 680 1241 100% 0.0 7864% 3992 WP_046583961.1
type | polyketide synthase [Streptomyces cinnamoneus] Streptomyces ci 672 1893 100% 0.0 80.14% 5475 WP_240003137.1
type | polyketide synthase [Streptomyces cinnamoneus] Streptomyces ci 671 1892 100% 0.0 80.14% 5475 WP_243469264 1
SDR family NAD(P)-dependent oxidoreductase [Streptomyces sp. NBC_00659 Streptomyces s 657 1200 100% 0.0 76.06% 3919 WP_329297130.1
SDR family NAD(P)-dependent oxidoreductase [Streptomyces sp. NBC_01393 Streptomyces s 653 1200 100% 0.0 76.48% 3918 WTZ06591.1
type | polyketide synthase [Streptomyces hygroscopicus] Streptomyces h 649 3043 100% 0.0 74.30% 8595 WP_236256936.1
type | polyketide synthase [Streptomyces hygroscopicus] Streptomyces h 649 3051 100% 0.0 74.30% 8606 MEUS5273606.1
type | polyketide synthase [Streptomyces hygroscopicus] Streptomyces h 649 3037 100% 0.0 74.30% 8605 MEU1908929.1
type | polyketide synthase [Saccharothrix saharensis] Saccharothrix s. 648 1271 100% 0.0 75.23% 4484 WP_141974657.1
type | polyketide synthase [Streptomyces sp. 5-10] Streptomyces s 647 647 100% 0.0 74.07% 1620 WP_191070427.1
type | polyketide synthase [Streptomyces hygroscopicus] Streptomyces h 647 3038 100% 0.0 74.07% 8582 MEU7368327.1

Supplementary Fig. 1. BLAST search results using CmmD2-KSs as the probe.

MgmD2-KSs are circled in red square.
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o 40 50 80
Cmm-AT1 .[V[F[V [Qw E A[CAERTAE Y[V]. .PWNLILPVIIRDAPG . . .APP[LERVD VV[P Clax@w rE|CEVE P
Cmm-AT2 .|.|V OR! E A[I[R TE LDQH|L|. . DILPL{THIMWHDT. . . .[TGLILHQTAYT[A QY RIAT E[sW[ELR P
Cmm-AT3 LA o[R E E[VICARFD|GLIL|. .[ERP[L{TPVV[FGDE. . . .AALLDRTEFT[§P L|F RPAL E[s|W[gV|R A
Cmm-AT4 . [VF| oW G ECARALAPHV|. .DWS[LITDVLHDAG. . . .|. .A[LLERVDVV[]P LA AMW R|S|Y[EV|E P|
Cmm-ATS . [V[F[V Y[W E E/CAARLEAHIL|. .DWSVILDVL|SGAVE . . .APPAHRSDMI[]]P LA A}W R|S|Y[dV[E P
Cmm-AT6 .|. |V OR E| A[IR TE LDQH|L|. . DILPL/THIMWHDT. . . .[TGLILHQTAYT[]]aR oY RM1 E[sW[dLR P
Cmm-AT7 . |.|I o[R E A[IRTE LD|QH[L|. . D[QP[L|TH IMWHDT. . . .[TGLILHQTAYT[alA QY RMI E[sW[EL[R P
Mgm-AT1 .[V|F oW E ECAEALAPF[T|. .DWS[LILDVLRETPG. . . AP|GFIDRVDVV[§]P L|AAMW R|S|Y[&V|H P|
Mgm-AT2 .JAL OR| E D|AIC T|A LD|T E[L|R C[E[HP|LK|D I LIFADPGSELAGLILHQTQ Y T[§]Al LY R}V S[s|L{gv|T A
Mgm-AT3 .A[F QIR[E E allCcAR LDAE[L|G S[EHP[LKD I LFAEAGSELRAA[LIL LY R}V Als|L{gv|T A
Mgm-AT4 . [V[F[V oW R E|I[TAVLD|P LL|. .[DWSV[RDVLEQRDG. . .[AP[S[LERIDVV[PNV L{a A}w K|AlH[EV|T P
Mgm-AT5 . [V|F oW R| E|ITAVLDP LIL|. .[DWS[V[RDVLIEQRDG . . .[AP|S[LERIDVV[P LA MW K| TH[EV|T P
Mgm-AT6 .[AF OR E AAIC TIA LD|TEL[RCE[HP[LKD I LFADPGSELAG|LILNQTQYT[JalA L{Y R}V T|s|L{gV|T A
Mgm-AT7 .AF[L IR E DIAIC TIA LDIT E[LIG SEE/HP|LKID I LIF ADPGSELAGLILHQ TQ Y T[SA| LY REAV Ss[LgV|T A
0 129 149 159 169 179 189
Cmm-AT1 GGEHN CRVVALEISRELILAMAGR WLsEls AERRAELIJAPWEGR S[SVVV S[gE|AR 2 LDIE[F E|RK[L]A R AGIVWIRW
Cmm-AT2 NGEM CTILVAARIGR LMQTHP T S| AlLQAITENE|IAPLLN. . . ERR S|V VI S[¢D[KD A VD|T|T AT T[V|T NW|G|RK|T|K
Cmm-AT3 JGE) AlCA[VVAARIGR LMOAMP GG AVIAAP AE[T[VAGELAGFEDR s|AvV I s[dE(GIA A VEE|T RIER[FIA G RIGIVIR|T[K
Cmm-AT4 PGEM ALVVALRSKALTAMSGOQ) SVALGE[EE[VRRRVIRRWGER| HATVV S[8APD A LE[E|[L RIAD(CE S AlG|VR|A[R
Cmm-ATS McEWN AARVVALIISRALIL SPVGH AVAEPREE[LEARLERWRGR R|SA TV T[gS|s|p A LDE|L LIEE[LE A AlG|V[R|AR
Cmm-AT6 G E# AIC TILVAARIGRLMQ TP TS ALIQAITENE[APLLN. . .ERV S|SV VI S[¢D[KD A VD|T|I AT T[V|T N W|G|RK|T[K
Cmm-AT7 BGEN \CT|ILVAARIGR LMQTHP T S A|LQAITENE|IAPLLN. . .ER S|SV VI S[ED[KD A VD|T|T AT T[V|T N WG|RK|T[K
Mgm-AT1 GG EfS AARVVALIASRAI|IAMAGR S|VIAL|S AERARE[LIEPWPG . alsvvVAlG|TIAD LD[AM I[E T|C|A E RE[I[RIAR
Mgm-AT2 MGEW ARVVAARIGR LMQAMPAG| AVERTEDDVRP[LLG. . .DG HISIVIS[EERAEAVE[TVARQLITG .|.|. RIT|K
Mgm-AT3 GEW IARVVAARIGR LMQAMP A G| AVERTEDDVRP[LLD. . .DG D|SVVV S[8A[EA A VE[E[V T|A L|L{A A Q/G|RK|T[K
Mgm-AT4 GcEWN AR|IIVERISRAWA TMSGR| S|L|S|L[P A|D|Q[AA T|L IDGWPAR| S|TV TV S[eD[PE A I AE|T LA T[A[E A D|G|I[R|C[R
Mgm-AT5 CcEWN AR|IIVERISRAWA THSGR| S|LIS|L[P AD|QAA T|L I[EGWPGR| S|TV TV S[¢D[P[E A I AE|T LIAHICID AA/G|T[R|S[R
Mgm-AT6 HGEWN IARVVAARIGR LMQAMP A G| AVEATEDDVRPLLD. . . DGV H|SVVIS[EERAEAVE[TVARQLITG .|.|. RITK
Mgm-AT7 GEW ARVVAARIGR LMOAMPAG AVEERITEDDWVRPILLG. . .DG HisVVIS[EEAEAVEITVARQLITG .|.]. RITK
199 09 219 229 239 qu 279
Cmm-AT1 R V|PG[VDFEIA O[T D|D[T]ARE|L RDVLAP[VIKPGP[.]. VRL|PFF[ST VD CRWRAE GP E[LID . G AFEJFRIN A Glus vF IPV|sRlH P VL T|0[G
Cmm-AT2 KL[H.[V|SHIAF HM D|P|I|LD E[F Q T|T AE|[S|LIT YHP|P|. . QL|TI I|[SNLTGQP(T|T TD T[L|T . P Tp&yT[H[H D .|-[THT[L LPL(GlPID s TIL T|AL
Cmm-AT3 RL[T . [V|SHE\F LME|PM|LD GF RQVLER[VISFAA[P|. . RV[PVVANGTGAP[AG . AE[LT TVEF&VIRIQ D GIAT T|F LIJLIGIP|A G V|L T|aM
Cmm-AT4 RI[P.[VDYES OV E[L|I|RE E[L LAL LAPVAPRT|.|. GS[V]AFF|S TVT GIE T[V[D TA T|LD . A GR&UY[RIN D GHE V[F V}3lalsp|H P V|L Q|AlA
Cmm-ATS RI[RG]ADGENG Q[ D|T|LIRA HIL L D[V LA[P[V[TPHP|.|. SA[V[PF Y|S TVYGEP[V[D TAG|LID . AEP&UF|LIN R| GIF R T[F V}v|S[P|H P L|L S|T|P
Cmm-AT6 K L[H.[V|SHIAF HM D|P|I|LD E[F Q T|T AE[S|LIT YHP[P|. . Q[L|T I I|SNLTGQP(T|T TD T[L|T . P TRy T[H[H D .ITHTL LBLIGP[D S T|L T(AlL
Cmm-AT7 KL[H.[V|SHEF HMD|P|I|L{D E[F Q T|T AE|[S|LIT YHP[P|. . Q[L|T I I|[SNLTGQP[T|T TD T[L|T . P TR T[H[H D .|THTL LBLIGP[D S T|L T[AIL
Mgm-AT1 RI|N.[VDYJS HV E|E|I|H]D E[L LD[L LA[P[VITPRT|.|. SE[V[PLF|S T VDGEW[L|D TTAMG . AEF&YY[RIN D G|HG LIF Vj3c|s|p|H P V|V S[F|G
Mgm-AT2 RL|T. [V SHIAF LM D|PM|LD DIF Q AV LE|S[VIEF SA[]P|. . QIL|TLV|SNLTGE V|GD PAEL|T SP AP&UV|RIH D G|V T RIF LIJLIGP|D A T|L T|A[L
Mgm-AT3 RL|T.[V|SHIF LMD|PM|LD DIF QRV LE[T[VIEF TE[P|. . H[L|TVV|SNLTGIE VAD PAE[L|T SP AF&UV[RH D G|IRRIF LIALGPD AT|L T|A[L
Mgm-AT4 QI[PGVDTIG Qv D|QIL|RIA RIL L T|V LD|G[VIAARD|G|GEG|V|TF Y|S T VT G|GA|L{P GRE|LID . A GR&Y[RIN[V| G| GIFRT|F VIJL|GP|H P V|LA|G]A
Mgm-AT5 QI|PG[VDTIG [V D|QIL|RE RIL L AJA LD|T[V|S AGD|GIH AG|VIAF Y|S T VT GIGA|LIP GS Q|LID . A GP&UY|RINV, G GIF R T|F V[IL|s|P|H P V|L G|N|S
Mgm-AT6 RL|T.V SHEF LM D|PM|LD DIF QR[V LE|T|VIEFAE[]|. . H[L|TIV|SNLSGE VAD PAE[L|T SP AR&UV|RIH D G|IRRF LPL/GPDATLTAL
Mgm-AT7 RL|T.[V/SHENF LMD|PMLD DIF QAV LEISVIEF SA[P]. . QLIT I VISNLTGE VAD PAE[LT SP ARgUIVRIHV ) Gl RRE LIBLIGPDATIL TIA|L
280 290 310 320
Cmm-AT1 THETVDAT.GTPAVAFGT| GleP 6 RW[LIT AlTlc QA W|T A[EVIP v
Cmm-AT2 TOQIQTHPHT..... TATPL P[EP H T T|I|T A[L|T H[L H[T T{dT|T P
Cmm-AT3 AAE/CADAGA...V[GCVAA DIEP RAL[LRA|LIGQV CAR[EAA V
Cmm-AT4 IQEASDEVPGASLAVVGS GIGLDRF|L[T SVAER HVR[HVIE V
Cmm-ATS LQE|SADDV...DVAVVGS GIGPERF|LASVAERHAR[EVIRL
Cmm-AT6 TO[QTHPHT..... TATPL PIEPHTT|I[TA[LTH[L H[T T[ET|T P
Cmm-AT7 TQQTHPHT..... TATPL PIEPHTT|I[TA|LTHLH/TT[T|TP
Mgm-AT1 VOQIE[TVEDT.GAPAAVVGS G/IGP LRFAL S[LAERAHTREARL
Mgm-AT2 VNK[TLEDTE...PVTARA D|QAT TLILITALA QL Y|VH[EAHV
Mgm-AT3 VEKALDGDE...PVAARAA G|GP TGLIVIEAILAHLH[VH[A|. .
Mgm-AT4 LQETAEAAGSAEVAVLGS GIGRDRF|[VIQ S|LAER H[TR[V[V .
Mgm-AT5 VQENAEATGTAEVAVLGS GIGRDRF|VIR S[LIAEA H[TR[EV|V .
Mgm-AT6 VNK[TLEDTE...PVTARAA D|QAT TF[LITALA QL Y|VH[EAHV
Mgm-AT7 VNK[TLEERE...PVTARAA GIGPAGLVIQA[LARLHVA[dA|. .

Relevant Residues (Ref. 3)

19 (? 20 (?
Cmm-AT1 RV|PG[V] PO - Methoxy-malonyl-ACP
Cmm—-AT2 KIL|H.|V PH
Cmm—-AT3 RIL|T.[V P|L
Cmm—-AT4 RIP.[V AlQ
Cmm—-AT5 RI|RGA AlQ
Cmm-AT6 KLH.|V P/H
Cmm—-AT7 KLH.[V PH
Mgm-AT1 RI|N.[V AlH
Mgm-AT2 RI|T.[V P|L
Mgm-AT3 RIL[T.[V P|L
Mgm-AT4 QIPG|V PO
Mgm-AT5 QI[P G|V P|0
Mgm-AT6 RL[T.[V P|L
Mgm-AT7 RLT.[V P|L

Supplementary Fig. 2. Amino acid sequence alignments of AT domains between cmm and mgm BGCs.

(a) AT domains. (b) The substrate-specific motif!, covering residues 193-196, in AT domains. The

corresponding extender unit of each AT is labeled.
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a Cmm-KR1

Cmm-KR2
Cmm-KR3
Cmm-KR4
Cmm-KR5
Mgm-KR1
Mgm-KR2
Mgm-KR3
Mgm-KR4
Mgm-KR5

Cmm-KR1
Cmm-KR2
Cmm-KR3
Cmm-KR4
Cmm-KR5
Mgm-KR1
Mgm-KR2
Mgm-KR3
Mgm-KR4
Mgm-KR5

B1-type KR relevant residues (Ref. 4)

b 130 140 i150 | 160
Cmm-KR1 G[P|D GHAT NNYelGEIEG oYY AA AN ARL DINE
Cmm—-KR2 AG|L EfAD INEAAAG)IVNG OledY AA ANARL D)N#
Cmm-KR3 ARLEME I NAGEING O[eNY AA AN ANL D)
Cmm—-KR4 RIEIAP}AS RN Glefo]G 0Nl Y A A AN AL DG
Cmm—-KR5 R[D|S D}AS r\ehdacledc oy AA ANAJIL DN
Mgm-KR1 A[E/HDJAD RN GEIENG OIS Y AA AN AL D)
Mgm-KR2 RD|R QD INEIRING G OIS Y AA AN ANL DB
Mgm-KR3 RD|R QD INeFNAGIVNG Oled)|Y AA AN AL D[R
Mgm-KR4 RD|L G}AS INERAGEEG o Y AAANAJIL DGR
Mgm-KR5 RDJQ DD AATF e}y AAANARL DG

Supplementary Fig. 3. Amino acid sequence alignments of KR domains between cmm and mgm BGCs.

(a) KR domains. (b) Comparison of the signature amino acids of B1-type KRs?.
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a Cmm-DH1

Cmm-DH4
Cmm-DHS
Mgm-DH1
Mgm-DH4
Mgm-DHS

100. 12(? 130 0 0 ) 189
cmm-DH1  S{HSHl. . GDEP .ADGDG.[APPP.LRA FVE 2 A ELBESIAA@oERsAAERD
Cmm-DH4 APYARISADAGD SPVTGHDRRBAAAET(S PNV R ERlE H A AL A
Cmm-DHS S\YYARIVEGTPA G . RDGHG . [RIPLD . L|TA PN Re ORER D S|SID
Mgm-DH1 Ty fHSEP . EDDT, .TARTA.pAPYD. PN VAMD =L 1 P QAR
Mgm-DH4 GIYYARIGDDADS LPQAAAP.APSGTLTV, D VIFNAVRMP =0 HAEAA
Mgm-DH5 T\JHSEIPEQATPDIT REIAT T .AAPAP.QATDDGL{TL = VINAVIRIPE P H H SQAA

190 200 210 220
Cmm-DH1 LHPALD I¥AMELIAAGD GQGEP AGGR[LJARsf s
Cmm-DH4 R GIERFOA1 B2 LORA /G LG . AVRDAGDG. . LIL[PRILF ¢
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Mgm-DH4 R T)REISA 5 A‘.‘GLG.TLTDTGDG. .LvP|g
Mgm-DHS Ay ARSI SAL M BT LG IAPLVPGAGEGRNL|LPJTH ¢

“LAF” motif (Ref. 2)

b 190_ 209 219 ZA
Cmm-DH1 A[Y|GIEFFSALDSISHIAME[LIAAGDGQGEPAGGR[L|A[S M|
Cmm-DH4 R[F|GIR:F:BATIAVSANAV|GLIG. AVRDAGDG. . LILP|YL V
Cmm—-DHS5 R|Y|G)A:F:QAF BIAVSNNT|LIGLIGAPVPGAGEGRNL[LIPIYA I
Mgm—-DH1 D|F|Gpf:8:F-SATLIMASNAAMDLIGAVDR. . DLSEGR[L|AIYS V
Mgm-DH4 R{H[T)H:8F-NATINAFSNNAVIGLIG. TLTDTGDG. . LV|IPIL V
Mgm-DHS A[Y|AIN:8F:NATL ALY T LIGIIAPLVPGAGEGRNL[LIP|YT V

Supplementary Fig. 4. Amino acid sequence alignments of DH domains between cmm and mgm BGCs.

(@) DH domains. (b) Comparison of the catalytically inactive signature motif “LAF” of Cmm-DH1 with

Mgm-DH1.
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2010 R E VRIMUIRAAGLNFRDALIAL[GMYP GEJAMIG SEGAG LETGE)VT[ELE\P GDISVMG L}3J
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70 80 (o}
Cmm—-ER5 SFATA [OJRT RPGWAAVP IVF LTAYYGLVDLAGLRE\GERVLVHAAAG
Mgm-ER5 S ReNi A WD IR TV RIUP NG WilNelA AWVPIYVF LTAYYGLVDLAGLRRBIGEINVLVHAAAG

130 140 150 160 170 180

Cmm-ERS5 GVGMAATQLARHLGAEVYGTASRGKWDNLRDLGFDDDHLGSSRDPGEEPiLRA R{eaY
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i90 200 210 220 230 240

Cmm—ERS5 PAASANERAT G LVDASLHLLGPGGRFLEMGﬁADHRDP ANZNA G HD[EAYR POV S 4338 S MHR
Mgm-ERS DREASHIERAA RIGF VA ERARINAP R (efed 33 ViR (e K Ta] VIS ALNENZND A F P [AYA P4RES Q2R AYV PEIY

250 260 270 280

Cmm-ER5 HEMLIHVVDLLERGVLTPLPVRAWDHRHAKDAFRFLSQARHVGKMVL
Mgm-ERS5 [Oo/M L):8AVIMD LIJERGVLEP LPMRADIYRHAKDAFRMLSQARHMGKMVL

b

Signature residue “Y” of
L-type ER (Ref. 4)

1 10 20 3

o 40
Cmm—-ER5 EVRRAAGLNFRDALIALMYPG GSEGAGVLETG
130, 80 ) CRE VRIUIRAAGLNFRDALIAL[EMYP GEJ|AMMG SEGAGMVLETG

Supplementary Fig. 5. Amino acid sequence alignments of ER domains between cmm and mgm BGCs.

(a) ER domains. (b) Comparison of the signature amino acid “Y” of L-type ERZ.

36



Ansamitocin
Asm12
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<

wen

Pyrrole-type

Phenolic-type HO  macumicin

TiaM
64% identity to MgmO

Tryptophan-type

£ 3

Supplementary Fig. 6. Phylogenetic tree analysis of FAD-dependent halogenases?.

0.2

MgmO (WP_046591495.1); TiaM (ADU85999.1); RadH (C5H881.1); Asm12 (AAM54090.1); Nat1
(ADM46362.1); PItA (Q4KCZ0.1); Clz5(A0A345BJN5.1); SttH (E9P162.1); Ktzr (A8CF74.2); PrnA
(P95480.1); RebH (Q8KHZ8.1); HalB (AAQ04685.1).
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ermE*p

PSET152-mgmo0 5 rm

CGAGTGTCCGTTCGAGTGGCGGCTTGCGCCCGATGCTAGTCGCG
GTTGATCGGCGATCGCAGGTGCACGCGGTCGATCTTGACGGCTG
GCGAGAGGTGCGGGGAGGATCTGACCGACGCGGTCCACACGTGG
CACCGCGATGCTGTTGTGGGCACAATCGTGCCGGTTGGTAGGAT
CCACAGAACCACTCCACHEBEBREEACCCATATGACGCGG
Ribosome-binding site M T R

Supplementary Fig. 7. Nucleotide sequence of plasmid pSET1252-mgmO.

The "ermE™*p" nucleotide sequence is displayed in red bold font.
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3
2
UVv=280 nm
5 6
] _/\____J L._Ak A WT-mgmO
JL 4 J WT
7 8
J \ A AcmmB-mgmO
J L A AcmmB
30 ' 35 ' 40 ' 45

Time (min)

1,5 Ry=OH, Ry=CH;
2,6 Ry=H, Ry=CH;
3,7 R=OH, R,=H
4,8 R=H, R,=H

Supplementary Fig. 8. Olefin chlorination catalyzed by MgmO.

a. Cinnamomycin 1-4 converted to chlorinated-cinnamomycin 5-8 by MgmO. ermE*p: the promoter

used.

b. HPLC analyses of mutant strains after fermentation. Cinnamomycin 1-4 are colored as yellow.

Chlorinated cinnamomycin 5-8 are colored as blue.
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x108 +ESI
611.2257
(M+H)*

2

15
(5)

1 [M+H]* Calcd. 611.2254 k13.2259

0.5
L |L|ll4_ AJLLJ;JII lll”. L ll " w1,

550 560 570 580 590 600 610 620 630

m/z

x10% +ESI
b 595.2314
(M+H)*
1.5
1
(6)
[M+H]* Calcd. 595.2305 597.2318
0.5
| falois JJJ \’lll nl]l'll.l le L _JJ}|I’||_‘ |IA JI
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Supplementary Fig. 9. HR-ESI-MS spectra of chlorinated derivates 5 (a) and 6 (b).

x108 +ESI
597.2101
(M+H)*
1.5
1 (7)
[M+H]* Calcd. 597.2097
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0.5
Llllllll L |lL L ) |ll [
560 570 580 590 600 610
m/z
b x105 +ESI
8 581.2156
(M+H)*
7
6
5
4 (8)
3 [M+H]* Calcd. 581.2148 583.2142
2
1 | |
I P ‘||II.‘J]| ‘]J]J|'|'||1 '.I..JulJ J |I14 ||JJ.L.. wi
540 550 560 570 580 590 600

m/z

Supplementary Fig. 10. HR-ESI-MS spectra of chlorinated derivates 7 (a) and 8 (b).
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MgmD1 MgmD2 MgmD3
— —

load module 1 module 2 module 3 module 4 module 5 module 6 module 7

G..O@..

Macrocyclization

MgmC1-C6é . CH,

Mangromycin B Mangromycin C Mangromycin A

Supplementary Fig. 11. Proposed biosynthetic pathway of mangromycin A-C.
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CmmD1-module1

S1

-----
......
. "~

_______
.......
. .~
________
‘‘‘‘‘‘‘

. .
. .
. .
........

.....
"""""
------
. -

Wide-type S.cinnamoneus

GATCGCGGCCGCCTG

(NotI)
b c
Mutant Origin Primer Primer Sequence Screening

Name (5°—>3) Method
S1 Wild-type S1-C1 ACGGAAGTCGACT | PCR products were
S.cinnamoneus GGTCGTC digested using Notl
S1-C2 ACGGACCAGTAGT
GCCGGTG

Supplementary Fig. 12. Construction and confirmation of mutant S1 strain.

(@) Schematic diagram of construction of mutant S1, Notl restriction enzyme cutting site used for
screening is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel
screening of mutant S1 by PCR and restriction enzyme digesting. The blue squares represent domains
from CmmD1-module 1. Notl enzyme digestion always caused fragment blurring on the gel. Thus, S1

strain was confirmed by DNA sequencing.
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CmmD2-module 4

S2 1 MgmATs_conversion

¢¢¢¢¢
......
.......
________
--------
\\\\

-----
0 .
........
------
.......
......
ton

Wide-type S.cinnamoneus

o
b c
Mutant Origin Primer Primer Sequence Screening

Name (5°—3’) Method 2051 bp

S§2 Wild-type S§2-C1 TGGTAAGGGCATGA | PCR products were 1132 bp
S.cinnamoneus CGAACACG digested using Xhol
S2-C2 TGACAGGTCCACTC
CTCCTCGTC

Supplementary Fig. 13. Construction and confirmation of mutant S2 strain.

(a): Schematic diagram of construction of mutant S2, Xhol restriction enzyme cutting site used for
screening is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel
screening of mutant S2 by PCR and restriction enzyme digesting. The yellow squares represent domains
from CmmD2-module 4. Due to the introduction of Xhol digestion site, the PCR product in the mutant S3

could be cleaved into two bands of 2051bp and 1132bp.
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CmmD2-module 5

CTGAGCCTCGAGGACG
a ol (XhoI)

S3 KS5 MgmATS-conversion m Em @

e
Pl

GTNAHVILEQAP o % o SGRTVELPTYAFER

GTNAHLILEHTP ¥ & B DARWTDLPTYAFER

.,
.
.
.
ton

Wide-type S.cinnamoneus “ AT,

Mutant Origin Primer Primer Sequence Screening 2308 bp
Name (5—3) Method 1567 bp
S3 Wild-type S3-C1 ATGTACCAGGACTA | PCR products were
S.cinnamoneus CCTGCTGC digested using Xhol
S3-C2 GTGCAGCCACAGG
TGCGTCC

741 bp

Supplementary Fig. 14. Construction and confirmation of mutant S3 strain.

(a) Schematic diagram of construction of mutant S3, Xhol restriction enzyme cutting site used for
screening is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel
screening of mutant S3 by PCR and restriction enzyme digesting. The purple squares represent domains
from CmmD2-module 5. Due to the introduction of Xhol digestion site, the PCR products in mutant S3
could be cleaved into two bands of 1567 bp and 741bp, whereas the one in wild-type remained to be

2308bp.
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L |

R L L L L L | =7 LI T T ETY ry % LS S LI | LN I rry
225 250 275 300 325 350 375 nm 225 250 275 300 325 350 375 nm

Compound Compound
(1-4,9-12, 13a, 14a, 15a, 16, 17, 18a, (13b, 18b, 19b)

18c, 19a, 19c, 20)
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Compound
(5-8,21)

Supplementary Fig. 15. UV-Vis spectra of compounds 1-21.
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x107 +ESI

583.2511
(9) (M+Na)*
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Supplementary Fig. 16. HR-ESI-MS of derivates 9.
x107 +ESI 0 567.2557
1.05 (M+Na)*
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0.45 o 0 5452723
+ +
(10) (M+H)
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Supplementary Fig. 17. HR-ESI-MS spectrum of compound 10.
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x108 +ESI

6 591.2806

5 (M+H)*
4 (o) (o)

5 (11) 573.2699

[M+H]+ Calcd. 591.2800

2

1

0= RN 5 I I |l A ..‘._..'I‘ l'l e -— | . _ e ) |L_ P et oo Ill..ll'._

520 530 540 550 560 570 580 590 600 610
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Supplementary Fig. 18. HR-ESI-MS spectrum of compound 11.
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540 550 560 570 580 590 600
m/z

Supplementary Fig. 19. HR-ESI-MS spectrum of compound 12.
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x108 +ESI

1.5
1.25
OH
1
491.1915
0.75 (M+H)*
(1 33) 513.1735
(M+Na)*
[M+H]+ Calcd. 491.1912
05
0.25
i = g llLll.-.l.. ......... L _lL ...... IDESEN ae = d o .le
470 480 490 500 510
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Supplementary Fig. 20. HR-ESI-MS spectrum of compound 13a.

x10¢ +ESI
15]
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(M+Na)*

11
(13b)
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Supplementary Fig. 21. HR-ESI-MS spectrum of compound 13b.
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x105 +ESI
505.2072
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8

527.1891
7 (M+Na)*

5
(14a)
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Supplementary Fig. 22. HR-ESI-MS spectrum of compound 14a.
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Supplementary Fig. 23. HR-ESI-MS spectrum of compound 15a.
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CGAGTGTCCGTTCGAGTGGCGGCTT
GCGCCCGATGCTAGTCGCGGTTGAT
CGGCGATCGCAGGTGCACGCGGTCG
ATCTTGACGGCTGGCGAGAGGTGCG
GGGAGGATCTGACCGACGCGGTCCA
CACGTGGCACCGCGATGCTGTTGTG
GGCACAATCGTGCCGGTTGGTAGGA

TCCACAGAACCACTCCACHGEAGEA

ermEep*

_| CCR “HCD > — pSET152-CCR-HCD

Supplementary Fig. 24. Nucleotide sequence of plasmid pSET1252-CCR-HCD.

The "ermE™*p" nucleotide sequence is displayed in red bold font. Black dots represent ribosome- binding
sites. The nucleotide sequences of CCR (WP_019328626.1) and HCD (WP_011030948.1) are displayed

in yellow bold font.
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CmmD1 > CmmD2 >

LM M1 M2 M3 M4 M5

[ ks AT JoHg (ks (AT (BRI s , AT. [oH) WT

| ks JAT. [DHo OKs® (aT2 (BRI Ks  AT. [DH) 51
| KS , AT, [DH] OKS', A1 [DH Ks , AT. [DH] S2

| KS AT, [DH (Ks® (AT (B ks , AT. [DH) S3
| ks AT [DH] OKS', A1 [DH Ks , AT. [OH] S4

| ks JOAT. DS | KS , AT. [DH] S5

Supplementary Fig. 25. The generation of mutant S4 and S5 by successive domain replacements.

ATc colored in yellow represent CmmD2-AT4; ATc colored in red represent MgmD2-ATs.
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Supplementary Fig. 26. HR-ESI-MS spectrum of compound 16.
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Supplementary Fig. 27. HR-ESI-MS spectrum of compound 17.
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Supplementary Fig. 28. HR-

ESI-MS spectrums of compounds 18a-18c.
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Supplementary Fig. 29. HR-ESI-MS spectrums of compounds 19a-19c.
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KR-ACP Linker

~~~~~~~

cmsz_C GAQASEGG
terminus N P EE PSGVETVLGELDRLATELDAFAEDD

EARDATAVRLQALTARWNATDTATATEDALESATDDELFDMVD
KHLG*

MgmD2-C  ?2Tr00csATEAEREAREGSTORDAVEVDEVRTHARTVEGHAT

terminus B - DE PEASAVNSLLADLDQLEAALAAVPA
DDGDRTTVTQRLQALLAAWHGPADGAAGDGDDLDAATDDELFD
LIDGRLEG*

Supplementary Fig. 30. Structural modeling of CmmD2-ACPs region.
Model was created using AlphaFold 2.0 and visualized using Chimera X software. CmmD2-ACPs domain
and MgmD2-ACPs domain are highlighted in blue. C-terminal docking domains of CmmD2 and MgmD2

are highlighted in pink, and the upstream linkers of ACP domains are colored in grey.
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i

GSAPRALAPVAAGSGAADGEPVAVVAMSCRFPGGV
RSPEDLWQLVASDGDAMSAFPDDRGWD LAGLGGADGDGRGVEGGFLLDAAEFDPL
FFGISPREALAMDPQORLLLETSWEAVERAGIVPASLRGSRTGVFVGAMYQDYLL
RLRNAPEEAEGYLGTGGSGSVISGRISYALGLEGPAVIVDTACSSSLVALHLAAQ
ALRSGECELALAGGVAVMATVDLFTEYRRQQOALSPSSRCKAFADGADGAAFGEGV
GMVLLERLSDAHRNGHHVLAVIRGSAVNQODGASNGLTAPNGPSQERVIHAALTNA
RLTPADVDAVEAHGTGTRLGDPIEAQALLATYGQONRPTDHPLWLGSLKSNIGHAQ
AAAGIGGVIKMVEAMRHGTLPRTLHVDQPTTQVDWSAGAVEVLTEARPWPETGRP
RRAAVSSFGVSGTNAHLILEHTPEEETAAPAEADRDGSPVPLVLSARTATGLRDQ
AARLHTHLTERPAARLTDVAHALATSRTHFEHRAVIPAGDRDEAVGGLEALATDG

Supplementary Fig. 31. Structural modeling of CmmD2-(ACP4-KSs-ATs) subunit.
Model was created using AlphaFold 2.0 and visualized using Chimera X software. The CmmD2-KSs
domain is highlighted in yellow. CmmD2-ACP4 domain and ACP4-KSs linker are highlighted in blue, and

the downstream CmmD2-ATs domain is highlighted in cyan.
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EPIAVVG
MSCRFPGGVTSPEELWQLVADGTDAVSGFPTDRGWDLGAL
YEPDPEQEAEEQGAEAEAEADAEAVAGGRVSEGGFLENVA
GFDAEFFGINPREALSMDPQORLLLETSWEAFERAGIDPT
AMRGEPVGVYAGTSGQDHTLLAAHGDAGYLVTGNSASVLS
GRISYTLGLEGPAVTVDTACSSSLVALHLAVQALRNEECG
LALAGGATVLCTGAGLVSFGRQGGLAADGRSKAFSEAADG
FGVAEGVGVLLLERLSDARRNGRRILAVVRGSAVNQDGAS
NGLTAPNGPSQERVIRAALANARLTPNDVDAVEAHGTGTR
LGDPIEAQALLATYGQGRPEDRPLWLGSLKSNIGHAQAAA
GVGGVIKMIQAMRHGTLPPTLHVDEPNSEVDWSAGGVRLL
TETCGWPEVERPRRVGVSSFGIS

VLFAGQGSQRPGMGRELHATYPAFADA
FDAIRTELDQHLDLPLTHIMWHDTTGLLHQTAYTQAALFA
LETAQYRLIESWGLRPEALLGHSIGELTAAHVAGIWSLED
ACTLVAARGRLMQTLPTSGTMTALQATENEIAPLLNERVS
LAATINGPSSVVISGDKDAVDTIATTVINWGRKTKKLHVSH
AFHSPHMDPILDEFQTIAESLTYHPPQLTIISNLTGQPTT
TDTLTPTYWTHHIRQPVRFNDGLTHLTTHTLLELGPDSTL
TALTQOTHPHTTATPLLRKNHPEPHTTITALTHLHTTGTT
P

Supplementary Fig. 32. Structural modeling of CmmD3-(Docking domain-KSe-ATs) subunit.

Model was created using alphafold 2.0 and visualized using Chimera X software. The CmmD3-KSs
domain is highlighted in yellow, indicating the replacement boundaries of the KS domain for mutant S5-
mgmKSe. The N-terminal docking domain of CmmD3 is highlighted in pink, and the downstream ATs

domain is highlighted in cyan.
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CmmD2-module 4/5

a GACGCCGAATTCTTCGG
.............. (EcoRI) ““‘_,‘-'
ssmmkss [ @ (on, ] j>
GAADGDPVVIV - - -  SSFGIS GTNAH
GAADGEPVAVV SSFGV_SGTNAH
ss D CESES o+ ] j>
o\"&
b c ‘(\66
Mutant | Primer Name | Primer Sequence | Screening
(5—3) Method
sKS5-S1 CTCTCCGACGAG PCR (1521/1459 bp)
. :rf‘ks CCCCAGAC products
5 sKS5-S2 ACCAGTCCAGGA were
GTGGATCG digested
using EcoRl

Supplementary Fig. 33. Construction and confirmation of mutant S5-mgmKSs strain.

(a) Schematic diagram of construction of mutant S5-mgmKSs. EcoRl restriction sites used for screening
is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel screening
of mutant S5-mgmKSs by PCR and restriction enzyme digesting. The red squares represent domains
from CmmD2.Due to the introduction of EcoRI digestion site, the PCR product in mutant S5-mgmKSs

could be cleaved into two bands of 1521 bp and 1459bp, whereas the one in mutant S5 remianed to be

2980 bp.
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CmmD3-module 6

_CCCTCGCCATGGACCC
.............. (NcoT)
a S5-mgmKS; @ AT AP
SRRHE TEeTNAH
SRRHEPIAV SSFGISGTNAH
s5 ok, M~ I-
R
«°
b C oo
Mutant Primer Name | Primer Sequence | Screening 2979 bp
(5’—)3,) Method 2390 bp
sKS6-S1 AACGCGACGGAC |PCR products
S5- 5 ACGGCTAC were digested
mgmKSs  [sKS6-S2 TGGCGACGGGAC | using Ncol 589 bp
GAGGAGAC

Supplementary Fig. 34. Construction and confirmation of mutant S5-mgmKSs strain.

(a) Schematic diagram of construction of mutant S5-mgmKSs, Ncol restriction sites used for screening
is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel screening
of mutant S5-mgmKSs by PCR and restriction enzyme digesting. The red squares represent domains
from CmmD3, and DD is the abbreviation of docking domain. Due to the introduction of Ncol digestion
site, the PCR product in mutant S5-mgmKSe could be cleaved into two bands of 2390 bp and 589 bp,
whereas the one in mutant S5 remained to be 2979 bp. The red squares represent domains from CmmD3,

and DD is the abbreviation of docking domain.
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CmmD2-module 5

.CTCGGATCCACC.
By . (BamHI) -~

KS; ___ MImATsconerscn J] DHs | |_ER, | KR, J~ oo |

.

a
S5-MgmACP;
ACP; swap
S5
b Mutant Primer Name | Primer Sequence Method
(5—>3)
S5- ACP5-81 GTCGGCAAGATGG| PCR products
mgmACP5 TCCTCAC were digested
ACP5-S2 GGTTGGCCTTTTG using BamHll
GGAGTCG

b

1560 bp

874 bp
686 bp

X
‘(\P‘G? ° @%‘\(&

5‘.)‘“\ o 0@“

Supplementary Fig. 35. Construction and confirmation of mutant S5-mgmACPs strain.

(@) Schematic diagram of construction of mutant S5-mgmACPs, BamHI restriction sites used for
screening is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel
screening of mutant S5-mgmACPs by PCR and restriction enzyme digesting. The purple squares
represent domains from CmmD2, and DD is the abbreviation of docking domain. Due to the introduction
of BamHI| digestion site, the PCR product in mutant S5-mgmACPs could be cleaved into two bands of
874 bp and 686 bp, whereas the one in wild-type remained to be 1560 bp. The purple squares represent

domains from CmmD2, and DD is the abbreviation of docking domain.
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Supplementary Fig. 36. Amino acid sequence alignments of Mgm-KS5, Cmm-KS5 and EryKS34.
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CmmbD2-module 4/5

GGVAVM EGVG

----------
---------
L

$5-ASC mutant Ckr, JI-] s Asc | " DH,

Domain Swap

$§$5-MgmKS; mutant m REE m f|>

________
--------
--------

b GACGCCGAATTCTTCGG C
(EcoRI)

Mutant Primer Name | Primer Sequence Template
(5'—>3)
sKS5-51 CTCTCCGACGAG | PCR products {1524/1439 bpj
S5-ASC CCCCAGAC were digested
sKS5-S1 ACCAGTCCAGGA using EcoRl
GTGGATCG

Supplementary Fig. 37. Construction and confirmation of mutant S5-ASC.

(a) Schematic diagram of construction of mutant S5-mgmKSs. EcoRl restriction sites used for screening
is highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel screening
of mutant S5-ASC by PCR and restriction enzyme digesting. The red squares represent domains from
CmmD2, and yellow squares represent domains from MgmD2. Due to the absence of EcoRI digestion
site, the PCR products in mutant S5-ASC could be cleaved into two bands of 1521 bp and 1459bp,

whereas the one in S5-mgmKSs remained to be 2980 bp.
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b GACGCCGAATTCTTCGG

(EcoRI) c
Mutant Primer Primer Sequence Template
Name (5—>3)
sKS5-81 CTCTCCGACGAGCCC | PCR products 2980bp
S5- CAGAC were digested (1 521/1459 bp)
A230T [sKsS5-S1 ACCAGTCCAGGAGTG | using EcoRl
GATCG

Supplementary Fig. 38. Construction and confirmation of S5-A230T mutant strain.

(a) Schematic diagram of construction of mutant S5-A230T. EcoRI restriction sites used for screening is
highlighted in yellow; (b) Primers and methods for mutant strain screening; (c) Agarose gel screening of
mutant S5-A230T by PCR and restriction enzyme digesting. The red squares represent domains from
CmmD2, and yellow squares represent domains from MgmD2. Due to the absence of EcoRI digestion
site, the PCR product in mutant S5-A230T could be cleaved into two bands of 1521 bp and 1459bp,

whereas the one in mutant S5-mgmKSs remained to be 2980 bp.
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b C Q)
510
of po® @
“\a“& " \,\\'5 6“\0@
Mutant Primer Primer Sequence |Screening o\’\P’ S
Name (5°—3’) Method
cmmB-S1 AGTGCTGCACAG PCR
S6 CTGGGACGAGTT

Cc

cmmB-S2 TTCGCGGTTTTC
ATGACGTCACCT
GTTCTC

Supplementary Fig. 39. Construction and confirmation of mutant S6 strain.

(a) Schematic diagram of construction of mutant S6, Xbal restriction sites is highlighted in yellow; (b)
Primers and methods for mutant strain screening; (c) Agarose gel screening of mutant S6. Due to the
absence of the gene fragment, the PCR products in mutant S6 were expected to be 552bp, whereas the

one in mutant S5-mgmKSs remained to be 1134 bp.

18b
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S5-MgmKS5
20
S6 A
21
s A
33 35 37
Time(min)

Supplementary Fig. 40. HPLC chromatograms of the fermentation broth from engineered strains of S6
and S7 at A=280 nm. The desired products are shown in blue peaks. Three independent experiments

were repeated.
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Supplementary Fig. 41. LC-ESI-HRMS (a)and MS/MS (b) analysis of compound 20.
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ermE*p ermE*p

TAATCGAGTGTCCGT
CGAGTGTCCGTTCGAGTGGCGGCTT ccrcATTCCHEEAGTCCCGCG

GCGCCCGATGCTAGTCGCGGTTGAT TCGAGTGGCGGCTTGCGCCCGATGCTA
CGGCGATCGCAGGTGCACGCGGTCG GTCGCGGTTGATCGGCGATCGCAGGTG
ATCTTGACGGCTGGCGAGAGGTGCG CACGCGGTCGATCTTGACGGCTGGCGA
GGGAGGATCTGACCGACGCGGTCCA GAGGTGCGGGGAGGATCTGACCGACGC
CACGTGGCACCGCGATGCTGTTGTG GGTCCACACGTGGCACCGCGATGCTGT
GGCACAATCGTGCCGGTTGGTAGGA TGTGGGCACAATCGTGCCGETTGGTAG
TCCACAGAACCACTCCACHGGAGEA GATCCACAGAACCACTCCACHGEAGGA
CCCAT CCCATATGACGCGG

M T R

Supplementary Fig. 42. Nucleotide sequence of plasmid pSET1252-CCR-HCD-mgmO.

The "ermE™*p" nucleotide sequence is displayed in red bold font. The nucleotide sequences of CCR and
HCD are displayed in yellow bold font. The nucleotide sequences of mgmO are displayed in blue bold

font.
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Supplementary Fig. 43.

LC-ESI-HRMS spectrum (a) and MS/MS analysis (b) of compound 21.
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