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Table S1. Strains and plasmids applied or constructed in this study.

Strains or plasmids Description Reference or source

Strains

E. coli LE392 Host strain of cosmid vector SuperCosl Stratagene

E. coli DH10p3 Host strain of plasmid vector pHZAUFX] Stratagene

E. coli BW25113/pIJ790 Strain for hf)mologous reorganization during 1
PCR-targeting process

E. coli DH50/pl]773 Host strain of plasmid plJ773 Stratagene

E. coli ET12567/pUZ8002 Strain for conjugation with Streptomyces 2

E. coli ET12567/pUB307 Strain for triparental conjugation with 3
Streptomyces

IED.}CI(;I(ZX /pL6AGATE-ssaA-BXSE Host strain of plasmid pL646ATE-ssaA-BXSE Our lab

Verrucosispora sp. SCSIO 07399  Producing strain of kendomycin B-D This study

Streptomyces coelicolor M1152 Heterologous expression host 3

S. coelicolor Ken.domycm gene cluster hetero-expression This study

M1152::pHZAUFX]J-3-J11 strain

Verrucosispora sp. SCSIO orf(-2)-kmy3 genes mutant strain derived from This study

07399/Aorf(-2)-kmy3 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy22-25 genes mutant strain derived from This study

07399/Akmy22-25 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy27-orf(+2) genes mutant strain derived from This study

07399/Akmy27-orf(+2) Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy4 gene mutant strain derived from This study

07399/Akmy4 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy6 gene mutant strain derived from This study

07399/Akmy6 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy1l gene mutant strain derived from This study

07399/Akmy11 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy18 gene mutant strain derived from This study

07399/Akmy18 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy26 gene mutant strain derived from This study

07399/Akmy26 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy29 gene mutant strain derived from This study

07399/ Akmy29 Verrucosispora sp. SCSIO 07399

Verrucosispora sp. SCSIO kmy4 gene complemented strain derived from This study

07399/ Akmy4::kmy4 Verrucosispora sp. SCSIO 07399/Akmy4

Verrucosispora sp. SCSIO kmy29 gene complemented strain derived from This study

07399/ Akmy27-0rf(+2)::kmy29 Verrucosispora sp. SCSIO 07399/ Akmy27-orf(+2)

Plasmids

SuperCosl Ampr, Kanr, cosmid vector Stratagene

pHZAUFX] Apr, plasmid vector Stratagene

pIJ790 Cmlsy; ga.m, b'et, exo encoding A-RED . 4
reorganization system for PCR-targeting

pl773 Apr, provider of oriT/acc(3)IV cassette 4

pUZ8002 KarTr, nor.1—transmissible plasmid with tra gene for 5
conjugation

pUB307 KarTr, traﬁsmissible plasmid with tra gene for 3
conjugation

pL646ATE-ssaA-BXSE Apr, Tsrt, ermE*p1&p2, complemented vector Derived from pL646

S2



Table S2. Primers used in this study.

Primers

Sequence (5" - 3')

For genomic library screening

kmy3-SF

kmy3-SR

kmy13-SF
kmy13-SR
kmy28-SE
kmy28-SR
orf(+4)-SF
orf(+4)-SR

GCGAAGACGGTGCAGACCGA
CCGGACGAGGTACACGACGC
GTCTGGACGGACATGCGGGA
GGCTCACGTACGTCACGCAG
GAACTGGTAATCGCCGAAGCG
GCAAAGTTCGTCGTCCCGATC
CTCTGGCATGGAAGCGTCG
CGCGCATAGTGTGGGTTATG

For construction of gene mutant strain

orf(-2)-kmy3-delF
orf(-2)-kmy3-delR
orf(-2)-kmy3-testF
orf(-2)-kmy3-testR
kmy22-25-delF
kmy22-25-delR
kmy22-25-testF
kmy22-25-testR
kmy27-orf(+2)-delF
kmy27-orf(+2)-delR
kmy27-orf(+2)-testF
kmy27-orf(+2)-testR
kmy4-delF
kmy4-delR
kmy4-testE
kmy4-testR
kmy6-delF
kmy6-delR
kmy6-testE
kmy6-testR
kmy11-delF
kmy11-delR
kmy11-testF
kmy1l-testR
kmy18-delF
kmy18-delR
kmy18-testF
kmy18-testR
kmy26-delF
kmy26-delR
kmy26-testE
kmy26-testR
kmy29-delF
kmy29-delR
kmy29-testE
kmy29-testR

GCGCACGGCATCGACAGCAACTACGCCAACTGTATCGTGattecggggatccgtegacc
GGTGGTGTAGAGGACCTTGCGGACCTCGTGGTCGTAGT Ctgtaggctggagctgcttc
CGACTCCATCGACATCCGCC

GGACCTTCATCGCGGCCTG
GTGATGATGACCGTCCGGGATTCGTGGACCAACGCGCTGattecggggatcegtcgace
GATCACCCTGGTCGCGCCGAGCGACTTGGAGTTCATCGCtgtaggctggagcetgcttc
CACCGGCACCACCATCGC

GCTCGGCGATCAGCCGTG
GTTGTACGACAGGCTCACGGCCACACTGGTGCCGTTCGC attecggggatecgtcgacc
GCCGAGGATCGCGTCACCCACATGGATCAGCGAGCACACtgtaggctggagctgctte
GACGGAAGAGGTAGGCCCCG

CGAGCGCCGAAGTCGCTG
GGAGTCGACGACGCCGAGTACGCGGACACGGCCTCGCTGattccggggatccgtegacc
CCGGCCGGCCCGGAGCAGGTCCACGAGCTGAGGAAGGTGtgtaggctggagcetgctte
CTGATCGCGGAGGCTCGCC

GCCGCCCGTACCAGAGCAG
GAGGCCTTCGCCGAGCACGGTCTGGCGCTCGACGTACGGattecggggatecgtegace
GACCGGCTGGAGTTCGTCCTGGCACTGCTGGAAGCGCGGtgtaggctggagctgctte
GACGCCGTCGACAACCGC

CGCAGCACACCGGCGTC
GTCATGTACCACGACTACGCCGCCCGGCTGACCGAGAT Cattecggggatccgtegacc
GCGTACCAAGGCAAGGATCTTGTGGTTGTTGCGGCGTGC Ctgtaggctggagctgcttc
CCTGGGAGACGTTCGAGCG

GATCACCCGCTGCTGCGAAG
GACGCCGACCTGTCCGATGTGCGATACCTCTGCTGCGT Cattecggggatecgtegacc
GGAATCCCAGTCGTAACGCATTGCGTCGACTGCCTCGGG tgtaggcetggagctgctte
GAGAGTCAGGCCGACCTGC

CCGATGATCGTTTCCGCGTG
GGCAAGGTCTACTTCGGCGACTACCGGGGCTACCTCTAC Cattecggggatecgtegacc
CACGATCTCGCCGGTCCGTGCGTCGAAGGTGTGGTAGAC Ctgtaggctggagctgcttc
CTTCTACGCCGTGGACGCC

GTTCAGCGCGAAGAGCGTG
GAGGTACTGAACGCCATGGACACGCACATGCACGCCGAGattccggggatecgtegacc
CAGATCGTCCACCCAGCCCGCCACGCACTCGTCCAGTTGtgtaggctggagctgcette
GGTGCGGTACGCGAAACGC

GCATGTCGACGGACCGCAG

For construction of gene complemented strain

kmy4-cplEF
kmy4-cplR
kmy29-cplF

GCTTCATATGATGGTGGACAGCGACAGG
AATTGGATCCTCATGCCGTTTCGGCCAG
GGCATATGATGGCAGAGGACGACAGGCC
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kmy29-cpIR

For real-time qPCR

RT-kmy9-F
RT-kmy9-R
RT-kmy10-F
RT-kmy10-R
RT-kmy11-F
RT-kmy11-R
RT-kmy13-F
RT-kmy13-R
RT-kmy16-F
RT-kmy16-R
RT-kmy18-F
RT-kmy18-R
RT-kmy19-F
RT-kmy19-R
RT-kmy23-F
RT-kmy23-R
RT-165-F
RT-165-R

GGATCCTCAGCGGCCCTCCCAGC

CGTCATCATCATGAGCATCC
GCAGATAGGCGGTCTTGAAC
CGTATTACGCGTTGGTGGAT
ACACCCACCACACTCCACIT
GACGCGGACTACTGGTATCG
AGATACAGCCGTTGCAGACC
CACCAGGTGGAAGTGTACGA
GTCCGTCCAGACCAGCAG
AGGTCGAGGACCTGGAGACA
TCTGGATGTAGCCGATCTCC
ATGCGTTACGACTGGGATTC
CGAGTCGATGACCTTCTTCC
CCTGTTCCTCCTCACTGGTC
GGCGCTCCAGCAGTAGTAGT
GACCATCCAGAACGACATCC
GTGGTATCCGGAGATCGAGA
CTCTTCGACCTCGGTGTCTC
GAACTTCTCCTCGCCGTACA
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kendomycin B (1) kendomycin C (2) kendomycin D (3) kendomycin

Figure S1. Structures of kendomycins. Kendomycin B-D (1-3) purified from Verrucosispora sp.
SCSIO 07399 [6] and kendomycin produced by Streptomyces violaceoruber strain 3844-33C reported
previously.

A B
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Figure S2. Construction of kmyll gene mutant strain of Verrucosispora sp. SCSIO 07399 by

<—572 bp

PCR-targeting technique. (A) Schematic diagram of gene kmyl1 disruption. (B) Verification of the
gene kmyll double-cross mutants by comparing with the wild-type strain via PCR using the
primers listed in Table S2. WT: wild-type strain; Akmyll: gene kmyll mutant strains. Marker:
DL2000 DNA Marker (Takara).

A kmy 18-TF kmy 18-TR B
NN
RPN
SRR
ST TV

<—1602 bp

<—635 bp

kmy 18-TF . kmy 18-TR

1602 bp PCR product
Akmy 18
o

Figure S3. Construction of kmyl8 gene mutant strain of Verrucosispora sp. SCSIO 07399 by

1% agarose

PCR-targeting technique. (A) Schematic diagram of gene kmy18 disruption. (B) Verification of the
gene kmyl8 double-cross mutants by comparing with the wild-type strain via PCR using the
primers listed in Table S2. WT: wild-type strain; Akmyl8: gene kmyl8 mutant strains. Marker:
DL2000 DNA Marker (Takara).
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i. Verrucosispora sp. SCSIO 07399 vi. Verrucosispora sp. SCSIO 07399
3

AL A

ii. SCSI0 07399/Akmy11 vii. SCSIO 07399/Aorf(-2)-kmy3

3
iii. SCSIO 07399/Akmy18 viii. SCSIO 07399/Akmy22-kmy25
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iv. SCSIO 07399/Akmy26
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Figure S4. HPLC analysis (UV at 285 nm) of fermentation broths from (i) the wild-type strain
Verrucosispora sp. SCSIO 07399; (i) mutant strain Verrucosispora sp. SCSIO 07399/Akmy11; (iii) mutant
strain Verrucosispora sp. SCSIO 07399/Akmyl18; (iv) mutant strain Verrucosispora sp. SCSIO
07399/Akmy26; (v) mutant strain Verrucosispora sp. SCSIO 07399/Akmy29; (vi) the wild-type strain;
(vii) mutant strain Verrucosispora sp. SCSIO 07399/Aorf(-2)-kmy3; (viii) mutant strain Verrucosispora sp.
SCSIO 07399/Akmy22-25; (ix) mutant strain Verrucosispora sp. SCSIO 07399/Akmy27-orf(+2); (X)
complemented strain Verrucosispora sp. SCSIO 07399/Akmy27-orf(+2)::kmy29.

o 9
orf(-2)-TF kmy3-TR B )l-@
4087 bp PCR product __,|

Wildtype |

i i : bp

»WP % »@ — 5000

3000 <—4087 bp

- 2000 <1518 bp

orf(-2)-TF . kmy3-TR

Aorf(-2)-kmy3 ’:; 1518 bp PCR product ;‘
-I-@I- — 1% agarose

Figure S5. Construction of orf(-2)-kmy3 genes mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of genes orf(-2)-kmy3 disruption. (B) Verification of
the genes orf(-2)-kmy3 double-cross mutants by comparing with the wild-type strain via PCR using
the primers listed in Table S2. WT: wild-type strain; Aorf(-2)-kmy3: genes orf(-2)-kmy3 mutant strains.
Marker: DL5000 DNA Marker (Takara).
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kmy27-TF orf(+2)-TR XX
3046 bp PCR product __,] }‘\\0}‘\\0}‘\\
wild type F ............................... , ‘_‘ Ay
(g — i
<— 3046 bp
<— 1558 bp

kmy27-TF @ orf(+2)-TR

1558 bp PCR product
Akmy27-orf(+2), p PR produd

-I'@I-— 1% agarose

Figure S6. Construction of kmy27-orf(+2) genes mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of genes kmy27-orf(+2) disruption. (B) Verification
of the genes kmy27-orf(+2) double-cross mutants by comparing with the wild-type strain via PCR
using the primers listed in Table S2. WT: wild-type strain; Akmy27-orf(+2): genes kmy27-orf(+2)
mutant strains. Marker: DL5000 DNA Marker (Takara).

A kmy29-TF kmy29-TR B o O),V o)fb
662 bp PCR product & @
widype | ;’—‘ ST S

——m— (my29 >g7 bp

<— 1500 bp

<— 662 bp

kmy29-TF kmy29-TR

1500 bp PCR product 0
Akmy29 F— p p —.-_| 1% agarose
-I-m»l- -

Figure S7. Construction of kmy29 gene mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of gene kmy29 disruption. (B) Verification of the
gene kmy29 double-cross mutants by comparing with the wild-type strain via PCR using the
primers listed in Table S2. WT: wild-type strain; Akmy29: gene kmy29 mutant strains. Marker:
DL2000 DNA Marker (Takara).
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A B

oo S > v 2
T aac@V NN v
S 35
Gene disruption by PCR-targeting technique L X £ & L
‘ \% * \x
N N
A e o g
N

§ attP site bp

2 .

= o Geng gomplemgnted by site- 2000

= N specific recombinase ¢C31

§ 1000 1500 bp
x 750 662 bp
‘ 500
250
100
kmy29-TR kmy29-TF
ﬁ 662 bp<— 1% agarose
:;ILSOO bpej
kmy27-TF orf(+2)-TR

kmy29-complemented strain

Figure S8. Construction of kmy29 gene complemented strain of Verrucosispora sp. SCSIO
07399/Akmy27-orf(+2) by site-specific recombinase ¢C31 system. (A) Schematic diagram of gene
complement process. (B) Verification of the gene kmy29 complemented strains by comparing with
the wild-type strain via PCR using the primers listed in Table S2. WT: wild-type strain;
Akmy27-orf(+2)::kmy29: gene kmy29 complemented strains. Marker: DL2000 DNA Marker (Takara).

A

kmy22-TF kmy25-TR

5593 bp PCR product )|
Wildtype |

kmy22-TF . kmy25-TR

Akmy22—25’; 1716 bp PCR product ;‘
R

1% agarose

Figure S9. Construction of kmy22-25 genes mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of genes kmy22-25 disruption. (B) Verification of
the genes kmy22-25 double-cross mutants by comparing with the wild-type strain via PCR using the

primers listed in Table S2. WT: wild-type strain; Akmy22-25: genes kmy22-25 mutant strains. Marker:
DL2000 DNA Marker (Takara).
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A B

kmy 26-TF kmy 26-TR

WV
922 bp PCR product _ ] 5
Wild type |

Iy ©

g

L s & $
kmy26>E bp X S

<—1628 bp
<922 bp

kmy 26-TF kmy 26-TR

1628 bp PCR product
Akmy 26
-I—m»l- 1% agarose

Figure S10. Construction of kmy26 gene mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of gene kmy26 disruption. (B) Verification of the
gene kmy26 double-cross mutants by comparing with the wild-type strain via PCR using the
primers listed in Table S2. WT: wild-type strain; Akmy26: gene kmy26 mutant strains. Marker:
DL2000 DNA Marker (Takara).

Akmy18 + 3,5-dihydroxybenzoic acid
3 2

ii Akmy18

iii Wild type
) yp

| | |
15 20 25

Figure S11. Chemical complementation of type III PKS gene mutant strain Akmy18. HPLC analysis
(UV at 285 nm) of fermentation broths from (i) Akmy18 feeding with 3,5-dihydroxybenzoic acid; (ii)
mutant strain Akmy18; (iii) the wild-type strain Verrucosispora sp. SCSIO 07399.
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Figure S12. Sequence alignment of type I PKS domains from kendomycin B gene cluster, but only
the key regions were shown. Key residues were marked with asterisks and conserved motifs were
underlined. The characteristic motifs of A-type and B-type KR (ketoreductase) domains had been
framed by red solid lines.
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Figure S13. Sequence alignment of Kmyl12_TE with Kenl4_TE (CAQ52624.1) from kendomycin
biosynthetic gene cluster (BGC) and macrocycle-forming TEs: DEBS_TE from 6-deoxyerythronolide
BGC (X62569.1); PICS_TE from picromycin BGC (AF079138.1); AVES_TE from avermectin BGC
(BAA84479.1). The characteristic Ser (S), Asp (D), His (H) catalytic triad was marked by asterisks.
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Figure S14. Phylogenetic analysis of Kmy12_TE and other thioesterases.
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Figure S15. Sequence analysis of FAD-dependent oxidoreductase Kmy9 and FAD-dependent

monooxygenase Kmy13 by comparing with their corresponding homologues. The characteristic
GxGxxG fingerprint was highlighted.
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Figure S16. Phylogenetic analysis of Kmy13. Class D-F flavoprotein monooxygenases were all

encoded by two genes encoding a monooxygenase and a reductase, so we didn’t use them to
construct the phylogenic tree.
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Figure S17. Phylogenetic analysis of Kmy4 and other LuxR-type regulators.
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Figure S18. Sequence alignment of Kmy4 with several representative LAL-type LuxR family
regulators (just presented the key regions). The conserved walker A motif GXXXXGKI[S/T] was
marked by asterisks, and the putative helix-turn-helix (HTH)-DNA binding motif was underlined
by dotted line.
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Figure S19. Construction of kmy4 gene mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of gene kmy4 disruption. (B) Verification of the
gene kmy4 double-cross mutants by comparing with the wild-type strain via PCR using the primers
listed in Table S2. WT: wild-type strain; Akmy4: gene kmy4 mutant strains. Marker: DL2000 DNA
Marker (Takara).
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Figure S$20. Construction of kmy4 gene complemented strain of Verrucosispora sp. SCSIO
07399/Akmy4 by site-specific recombinase ¢C31 system. (A) Schematic diagram of gene complement
process. (B) Verification of the gene kmy4 complemented strains by comparing with the wild-type
strain via PCR using the primers listed in Table S2. WT: wild-type strain; Akmy4::kmy4: gene kmy4
complemented strains. Marker: DL.2000 DNA Marker (Takara).
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Figure S21. Construction of kmy6 gene mutant strain of Verrucosispora sp. SCSIO 07399 by
PCR-targeting technique. (A) Schematic diagram of gene kmy6 disruption. (B) Verification of the
gene kmy6 double-cross mutants by comparing with the wild-type strain via PCR using the primers

listed in Table S2. WT: wild-type strain; Akmy6: gene kmy6 mutant strains. Marker: DL2000 DNA
Marker (Takara).
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Figure S22. HPLC analysis (UV at 285 nm) of fermentation broths from regulatory gene mutants. (i)
the wild-type strain Verrucosispora sp. SCSIO 07399; (ii) mutant strain Verrucosispora sp. SCSIO
07399/Akmy4; (iii) kmy4 gene complemented strain Verrucosispora sp. SCSIO 07399/Akmy4::kmy4; (iv)
the wild-type strain; (v) mutant strain Verrucosispora sp. SCSIO 07399/Akmyeé.
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Figure S23. PCR identification of the genotype of kimy gene cluster hetero-expression strain by using
the primers listed in Table S2. 3-J11: Streptomyces coelicolor M1152:pHZAUFX]-3-J11; ck: control
check using the wild-type genome as PCR template. Marker: DL2000 DNA Marker (Takara).
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