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Table S1. Strains and plasmids used in this study. 

Strains or 

Plasmids 
Features Sources 

A. pretiosum 

ATCC 31280 Wild-type producer for ansamitocins ATCC 

WYT-1 Deletion of APASM_4714 in A. pretiosum ATCC 31280 This work 

WYT-2 Deletion of APASM_1687 in A. pretiosum ATCC 31280 This work 

WYT-3 Deletion of APASM_4313 in A. pretiosum ATCC 31280 This work 

WYT-4 Deletion of APASM_1806 in A. pretiosum ATCC 31280 This work 

WYT-5 Deletion of APASM_4178 in A. pretiosum ATCC 31280 This work 

WYT-6 Deletion of APASM_4084 in A. pretiosum ATCC 31280 This work 

WYT-7 Deletion of APASM_4728 in A. pretiosum ATCC 31280 This work 

WYT-8 Deletion of APASM_3971 in A. pretiosum ATCC 31280 This work 

WYT-9 Deletion of APASM_4527 in A. pretiosum ATCC 31280 This work 

WYT-10 Deletion of APASM_1927 in A. pretiosum ATCC 31280 This work 

WYT-11 Deletion of APASM_3372 in A. pretiosum ATCC 31280 This work 

WYT-12 Deletion of APASM_2967 in A. pretiosum ATCC 31280 This work 

WYT-13 
WYT-5 complemented with cloned APASM_4178 under the control of kasOp* promoter, 

AprR 
This work 

WYT-15 Deletion of APASM_1021 in A. pretiosum ATCC 31280 This work 

WYT-16 Deletion of APASM_3332 in A. pretiosum ATCC 31280 This work 

WYT-17 Deletion of APASM_4306 in A. pretiosum ATCC 31280 This work 

WYT-18 Deletion of APASM_5462 in A. pretiosum ATCC 31280 This work 

WYT-20 
A. pretiosum ATCC 31280 with cloned APASM_3064 under the control of kasOp* 

promoter, AprR 
This work 

WYT-21 
A. pretiosum ATCC 31280 with cloned APASM_6209 under the control of kasOp* 

promoter, AprR 
This work 

WYT-24 A. pretiosum ATCC 31280 with vector plasmid pLQ856, AprR This work 

WYT-25 WYT-15 with vector plasmid pLQ856, AprR This work 

Streptomyces albus 

BK 3-25 High-yield producer of salinomycin [1] 

WYT-26 BK 3-25 with vector plasmid pLQ856, AprR This work 

WYT-27 BK 3-25 with cloned APASM_4178 under the control of kasOp* promoter, AprR This work 

Streptomyces hygroscopicus 

TL01 High-yield producer of validamycin [2] 

WYT-28 TL01 with vector plamid pPM927, ThioR This work 

WYT-29 TL01 with cloned APASM_4178 under the control of kasOp* promoter, AprR This work 

E. coli 

DH10B 
F- mcrA Δ(mrr-hsdRMS-mcrBC) ϕ80lacZΔM15 ΔlacX74 recA1 endA1 araD139 Δ(ara, 

leu)7997 galU galK λ- rspL nupG 
Invitrogen 

ET12567(pUZ8002) 
F- dam-13::Tn9 dcm-6 hsdM hsdR zjj-202::Tn10 recF143 galK2 galT22 ara-14 lacY1 xyl-5 leuB6 

thi-1 tonA31 rpsL136 hisG4 tsx-78 mtl-1 glnV44 (CmlR KanR) 
[3] 

BL21(DE3)/pLysE 
F- ompT hsdSB(rB- mB-) gal dcm (DE3) pLysE (CmlR) 

 
[4] 
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Table S1. Cont. 

Strains or Plasmids Features Sources 

Plasmids 

pBluescript KS- bla, lacZ, oriF1 Stratagene 

pIB139 attP, int, oriT, PermE*, aac(3)IV [5] 

pJTU1278 rep-pIJ101, bla, tsr, oriT [6] 

pET28a rep-pBR322, pT7, His6-tag, neo Novogen 

pPM927 pSAM2 derivative, tsr, oriT [7] 

pLQ855 Construct for the deletion of APASM_4178 This work 

pLQ856 pSET152 with promoter kasOp* This work 

pLQ864 Construct for the deletion of APASM_1021 This work 

pLQ869 pLQ856 with cloned APASM_3064 under the control of kasOp* This work 

pLQ870 pLQ856 with cloned APASM_6209 under the control of kasOp* This work 

pLQ874 pLQ856 with cloned APASM_4178 under the control of kasOp* This work 

pLQ881 pET28a with cloned APASM_1021 for the overexpression of APASM_1021 This work 

pLQ893 pPM927 with cloned APASM_4178 under the control of kasOp* This work 

 

Table S2. Primers used in this study. 

Primers Sequence (5’-3’) 

4714-L-F ATAGGATCCCAGCGACAGCTCGAACAG (BamHI), for APASM_4714 deletion 

4714-L-R ATAGAATTCGGTCCTCGGTGGTCATGT (EcoRI), for APASM_4714 deletion 

4714-R-F ATAGAATTCACAACGACCGCACCAGGA (EcoRI), for APASM_4714 deletion 

4714-R-R ATAAAGCTTATGATCTTGCCGCCGTACAG (HindIII), for APASM_4714 deletion 

1687-L-F ATAGGATCCGCCAGCTCCAGGTTCTCC (BamHI), for APASM_1687 deletion 

1687-L-R ATAGAATTCGTGATCGTGTTCCTCCAGTTC (EcoRI), for APASM_1687 deletion 

1687-R-F ATAGAATTCGCCCGCCATCACGAACTC (EcoRI), for APASM_1687 deletion 

1687-R-R ATAAAGCTTTGCCACCACCACGTCCTC (HindIII), for APASM_1687 deletion 

4313-L-F ATAGGATCCCGAGAACGGCACGACCAG (BamHI), for APASM_4313 deletion 

4313-L-R ATAGAATTCCGATCTCCTCCTCGGTGAAC (EcoRI), for APASM_4313 deletion 

4313-R-F ATAGAATTCTGGTGTTCGTGGTGGTGAA (EcoRI), for APASM_4313 deletion 

4313-R-R ATAAAGCTTCTGGTGCGGGTAGGAGTC (HindIII), for APASM_4313 deletion 

1806-L-F ATAGGATCCATCCTGGTCCGCGAGGAG (BamHI), for APASM_1806 deletion 

1806-L-R ATAGAATTCCGACCCGCTGTCCTGATC (EcoRI), for APASM_1806 deletion 

1806-R-F ATAGAATTCACTGTGTCGCAACCTCTCC (EcoRI), for APASM_1806 deletion 

1806-R-R ATAAAGCTTGACCCGATGCCGATGATGA (HindIII), for APASM_1806 deletion 

4178-L-F ATATCTAGAGTCCGGGTGCTGCTGGGCC (XbaI), for APASM_4178 deletion 

4178-L-R ATAGAATTCTCGTCCACTTCGGACTCGTC (EcoRI), for APASM_4178 deletion 

4178-R-F ATAGAATTCACCACCCCGGCGGAGAGC (EcoRI), for APASM_4178 deletion 

4178-R-R ATAAAGCTTCCAACGGCGAGTACTACTT (HindIII), for APASM_4178 deletion 

4084-L-F ATATCTAGAGTAGCGGAGGACCACCGT (XbaI), for APASM_4084 deletion 

4084-L-R ATAGAATTCGCATACGCCTGCCGAACC (EcoRI), for APASM_4084 deletion 

4084-R-F ATAGAATTCGACGCAGGTGCTGTCCTT (EcoRI), for APASM_4084 deletion 

4084-R-R ATAAAGCTTCCGTCGCCAGCTACATCA (HindIII), for APASM_4084 deletion 

4728-L-F ATATCTAGAGCAGAGCGGTGACGAGTC (XbaI), for APASM_4728 deletion 

4728-L-R ATAGAATTCCGTTGCAGCTCAGGGTGTT (EcoRI), for APASM_4728 deletion 

4728-R-F ATAGAATTCAGAAGTCCCTGCGGGCCTG (EcoRI), for APASM_4728 deletion 

4728-R-R ATAAAGCTTGGCATGAGGTGGTCGAACAG (HindIII), for APASM_4728 deletion 

3971-L-F ATATCTAGAGGACCTTCGACGACGAGG (XbaI), for APASM_3971 deletion 

3971-L-R ATAGAATTCGAGCTGGCCTAGGTGCTG (EcoRI), for APASM_3971 deletion 

3971-R-F ATAGAATTCCAGCCGTCGCTCCACCAG (EcoRI), for APASM_3971 deletion 

3971-R-R ATAAAGCTTGTCGTGCTCCGCCGCTAC (HindIII), for APASM_3971 deletion 

4527-L-F ATATCTAGACGGCGATGATCCAGGAGTC (XbaI), for APASM_4527 deletion 

4527-L-R ATAGAATTCGTACGACGACGGCAGGAC (EcoRI), for APASM_4527 deletion 

4527-R-F ATAGAATTCACCACGACCGACTGGGAG (EcoRI), for APASM_4527 deletion 

4527-R-R ATAAAGCTTGTACCGCTACCGCTACGAC (HindIII), for APASM_4527 deletion 

1927-L-F ATATCTAGATACGGCTTCCACGGGCTGT (XbaI), for APASM_1927 deletion 

1927-L-R ATAGAATTCCGACAGAGACAGGGACACAAC (EcoRI), for APASM_1927 deletion 

1927-R-F ATAGAATTCGATGGCGCTGCGCGGTTT (EcoRI), for APASM_1927 deletion 

1927-R-R ATAAAGCTTGCGTTCGGATTCGGCACTTC (HindIII), for APASM_1927 deletion 

3372-L-F ATATCTAGAGAAGGCGAGTTCTGGTTGTG (XbaI), for APASM_3372 deletion 

3372-L-R ATAGAATTCGGCGTGCAGGAAGGTGAT (EcoRI), for APASM_3372 deletion 
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Table S2. Cont. 

Primers Sequence (5’-3’) 

3372-R-F ATAGAATTCCCACGTCCACGGCTACCT (EcoRI), for APASM_3372 deletion 

3372-R-R ATAAAGCTTTGTGGTGGTGGCGTTCCT (HindIII), for APASM_3372 deletion 

2967-L-F ATATCTAGATGTGGTGGTGGCGTTCCT (XbaI), for APASM_2967 deletion 

2967-L-R ATAGAATTCTGACCACGGCGATGTCCAT (EcoRI), for APASM_2967 deletion 

2967-R-F ATAGAATTCAGTCGGACTCGCACAATC (EcoRI), for APASM_2967 deletion 

2967-R-R ATAAAGCTTGTTCGCGCAGATGATGCT (HindIII), for APASM_2967 deletion 

4178-F ATACATATGCCTCTCCGGAAAGCGCTCTCCG (NdeI) 

4178-R ATAGAATTCTCAGCGCAGCGCGTACGCCCGGAT (EcoRI) 

4714-ver-F CGTTCGTCCTGGTCTTCA 

4714-ver-R ACTGCGGCAGGTAGATCA 

1687-ver-F GCGAAGCACAGGTACTTC 

1687-ver-R GGTGGCGTGGAACTACT 

4313-ver-F GGTGACCCGCAGCATCAT 

4313-ver-R GTCGGTGCCGAACCAGTG 

1806-ver-F TACTCGGTGTACGGCGTC 

1806-ver-R TTCCCAGTGGTATTTCCCT 

4178-ver-F GTACGCCCGGATAATGGT  

4178-ver-R GAGCGGAGGAGAACACAT 

4084-ver-F ACATCCGACACCAATCAC 

4084-ver-R AGCATCTGTTCTCCTTTCTC 

4728-ver-F CTGGAAGCCGACCGAGAC 

4728-ver-R CGTGGGAGAGCAGGAGGA 

3971-ver-F CTACCACGGGCACTTCAA 

3971-ver-R TCAACGACTCCACCTACG 

4527-ver-F GGTAGACCAGGACCATGCC 

4527-ver-R CCGTGACGATGGACGACTC 

1927-ver-F GTGAACCGCCAGCTCAGG 

1927-ver-R GTGAACCGCCAGCTCAGG 

3372-ver-F CCGAGGACCAGCAGCAGTT 

3372-ver-R TCGTCGAGCACCAGCACCA 

2967-ver-F GTCTTCTACGGCATCACGAC 

2967-ver-R CGCTGGAGGTGTACGAGG 

1021-L-F ATAGGATCCGTAGTCGCCGAAGCCGTC (BamHI) 

1021-L-R ATAGAATTCGGTAGAGCCTCCGGTCCG (EcoRI) 

1021-R-F ATAGAATTCGCTGCTGGAGACCACGGA (EcoRI) 

1021-R-R ATAAAGCTTGCAGCACACCAGCCAGTC (HindIII) 

1021-ver-F GTAGAGCAGCAGGTTCAC 

1021-ver-R CAAGCAAGGAGCCTTTCG 

4178-RT-F CCTGCTCGTAGACGGTCG 

4178-RT-R TGTCCGGGACCTCGATGG 

P4178-F-FAM AGGGGAACGGGGGCGGGGT 

P4178-R TGGAGCCGCTGACGGGGA 

3064-F ATACATATGGTGCGGAACCACGGAGTGAAAGGGA (NdeI) 

3064-R ATAGAATTCTCAGGCGGGCTGTGACGCCTCCAC (EcoRI) 

6209-F ATACATATGAATCCCATGACACCTATTC (NdeI) 

6209-R ATAGAATTCTCAGTCCTTGGCGAACGAGAACAC (EcoRI) 

1021-F ATA CATATGGTGGTCGTGCTCGTGCTGCCGGACGT (NdeI) 

1021-R ATA GAATTCTCACCCGGCGGAGCGGAACGT (EcoRI) 
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Table S3. Compositions of five media used for morphology observation. 

Chemicals Concentration (g/L) 

Medium-1 seed medium 

Yeast extract 4.0 

Malt extract 10.0 

Glucose 4.0 

Medium-1 Fermentation medium 

Glucose 60.0 

Maltose 30.0 

Cotton seed meal 5.3 

Yeast extract 4.5 

K2HPO4 0.5 

MgSO4·7H2O 0.002 

CaCO3 5.0 

L-Valine 0.3%(w/v) 

Medium-2 seed medium 

Soluble starch  30.0 

Soybean flour 10.0 

Glucose 20.0 

Corn steep liquor powder 10.0 

Tryptone soya broth 5.0 

NaCl 0.3 

CaCO3 5.0 

Medium-2 Fermentation medium 

Glucose 20.0 

Corn starch 30.0 

Cotton seed meal 30.0 

CaCl2 10.0 

CaCO3 5.0 

Isobutanol 54 mM 

Medium-3 seed medium 

Tryptone soya broth 30.0 

Yeast extract 5.0 

Sucrose 103.0 

Medium-3 Fermentation medium 

Yeast extract 4.0 

Malt extract 10.0 

Glucose 4.0 

Medium-4 seed medium 

Tryptone soya broth 30.0 

Yeast extract 5.0 

Sucrose 103.0 

Medium-4 Fermentation medium 

Yeast extract 4.0 

Malt extract 10.0 

Glucose 4.0 

Isobutanol 36 mM 

Medium-5 seed medium 

Glycerol 10.0 

Yeast extract 10.0 

Glucose 5.0 

Beef extract 10.0 

NaCl 3.0 

Medium-5 Fermentation medium 

Glucose 5.0 

FeSO4·7H2O 0.002 

MgSO4·7H2O 0.49 

K2HPO4 0.5 

CaCO3 2.0 

Yeast extract 10.0 

Glycerol 40.0 

Sucrose 2.5 
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Table S4. Candidate genes involved in mycelial fragmentation according to RNA-seq analysis. 

Genes Annotation 
Transcription* 

15 h/hrdB 18 h/hrdB 24 h/hrdB 

APASM_1687 urea ABC transporter 0.43 0.06 133.23 

APASM_1806 cyclase dehydratase 168.38 28.66 395.41 

APSAM_1927 protein kinase 12.44 3.04 21.96 

APASM_2967 hypothetic protein 0.32 0.07 0.34 

APASM_3372 xylulose 5-phosphate phosphoketolase 2.77 0.63 10.79 

APASM_3971 α-mannosidase 1.07 0.24 1.70 

APASM_4084 transcriptional regulator 1.43 0.26 2.90 

APASM_4178 peptidase S8 and S53 subtilisin 0.74 0.12 0.48 

APSAM_4313 ABC transporter 0.62 0.10 0.62 

APASM_4527 RHS family protein 0.72 0.17 0.57 

APASM_4714 collagen like surface protein 0.68 0.08 1.09 

APASM_4728 ABC transporter 0.43 0.10 0.69 

* Mycelia were collected at 15, 18 and 24 h of the fermentation for RNA-seq analysis. 

 

 

 

Figure S1. qRT-PCR verification of the transcription of genes selected by RNA-seq analysis. 

Transcription levels at 15, 18 and 24 h are shown in blue, red and black, respectively. 
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Figure S2. Deletion of gene APASM_4178 in A. pretiosum ATCC 31280. (A) Schematic construction of 

ΔAPASM_4178 mutant WYT-5. 4178-ver-F/R are primers used for the verification of gene deletion by 

PCR. (B) Gel electrophoresis of the PCR-amplified fragments using total DNAs of A. pretiosum ATCC 

31280 or WYT-5 as templates and primers 4178-ver-F/R. 
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Figure S3. Cont. 
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Figure S3. Mycelial morphology of mutants of 12 genes selected by RNA-seq analysis. (A) 

ΔAPASM_4714. (B) ΔAPASM_1687. (C) ΔAPASM_4313. (D) ΔAPASM_1806. (E) ΔAPASM_4084. (F) 

ΔAPASM_4728. (G) ΔAPASM_3971. (H) ΔAPASM_4527. (I) ΔAPASM_1927. (J) ΔAPASM_3372. (K) 

ΔAPASM_2967. (L) ΔAPASM_4178. 
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Figure S4. Sequence alignments of four AdpA-like proteins and effects of their deletions on the 

transcription of APASM_4178. (A) Sequence alignments of four AdpA-like proteins from A. pretiosum 

ATCC 31280 using Clustal Omega [8]. (B) Effect of individual deletion of three AdpA-like-coding 

genes on the transcription of APASM_4178. . 

 

 

 

 

Figure S5. Peptidase activities of APASM_4178, APASM_6525, and SCO1355. APASM_6525, a 519-aa 

subtilisin-like serine peptidase from A. pretiosum ATCC 31280. SCO1355, a 537-aa subtilisin-like serine 

peptidase from Streptomyces coelicolor A3(2) [9]. Peptidase activity was measured using protease assay 

kit (BBI 786-028). Fluorescent protein substrate was diluted to approximate concentrations before 
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analysis, and samples were measured at 570 nm after incubation to determine peptidase activity. 

Chemically stabilized trypsin was serially diluted from 20 to 1.25 ng/μL and reacted with 2.5 μL 

substrate, serving as a general peptidase standard. 
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