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Table 2-3.  R3 medium 

Glucose (FUJIFILM Wako Pure Chemical Corp.) 10 g  

Yeast Extract (Nacalai Tesque, Inc.) 5 g 

TES (Nacalai Tesque, Inc.) 5.6 g 

L-proline (Sigma-Aldrich, Inc.) 3 g 

MgCl2・6H2O (Nacalai Tesque, Inc.) 10 g 

CaCl2・2H2O (Nacalai Tesque, Inc.) 4 g 

K2SO4 (Nacalai Tesque, Inc.) 200 mg 

KH2PO4 (Nacalai Tesque, Inc.) 50 mg 

Casamino acid (Bacto) 100 mg 

Trace elements 2 ml 

pH 7.2-7.3   

Add 1,000 ml RO water.   

 

※ Trace elements 

ZnCl2 (Nacalai Tesque, Inc.) 40 mg 

FeCl3・6H2O (Nacalai Tesque, Inc.) 200 mg 

CuCl2・2H2O (Nacalai Tesque, Inc.) 10 mg 

MnCl2・4H2O (Nacalai Tesque, Inc.) 10 mg 

Na2B4O7・10H2O (Nacalai Tesque, Inc.) 10 mg 

(NH4)6Mo7O24・4H2O (Nacalai Tesque, Inc.) 10 mg 

Fill up to 1,000 ml with RO water.   
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Table 2-4.  R4 medium 

Glucose (FUJIFILM Wako Pure Chemical Corp.) 10 g  

Yeast Extract (Bacto) 1 g 

TES (Nacalai Tesque, Inc.) 5.6 g 

Trace elements ※ 2 ml 

L-proline (Sigma-Aldrich, Inc.) 3 g 

MgCl2・6H2O (Nacalai Tesque, Inc.) 10 g 

CaCl2・2H2O (Nacalai Tesque, Inc.) 4 g 

K2SO4 (Nacalai Tesque, Inc.) 200 mg 

Casamino acid (Bacto) 100 mg 

pH 7.2-7.3   

Add 1,000 ml RO water.   

 

Table 2-5.  Modified R5 (MR5) medium 

Glucose (FUJIFILM Wako Pure Chemical Corp.) 10 g  

Yeast Extract (Nacalai Tesque, Inc.) 5 g 

TES (Nacalai Tesque, Inc.) 5.73 g 

Trace elements ※ 2 ml 

MgCl2・6H2O (Nacalai Tesque, Inc.) 10.12 g 

K2SO4 (Nacalai Tesque, Inc.) 250 mg 

Casamino acid (Bacto) 100 mg 

pH 7.2-7.3   

Add 1,000 ml RO water.   
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Table 2-6.  YEME medium 

Glucose (FUJIFILM Wako Pure Chemical Corp.) 10 g  

Sucrose (FUJIFILM Wako Pure Chemical Corp.) 340 g 

Yeast Extract (Bacto) 3 g 

Extract Malt (Nacalai Tesque, Inc.) 3 g 

Bacto peptone (Bacto) 5 g 

pH 7.2-7.3   

Add 1,000 ml reverse osmosis (RO) water.   

After autoclaving, 2ml of 2.5M MgCl2・6H2O (Nacalai Tesque, Inc.) was added. 

 

Table 2-7.  SFM medium 

Mannitol ((Nacalai Tesque, Inc.) 20 g  

Soya flour (Alishan LLC) 20 g 

Add 1,000 ml tap water.   
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Table 2-10.  Primers used in this study 

Primer Oligonucleotide sequence (5’→3’) 
DNA sequence  

rrn-23S rRNA-F CTGAAACCGTGTGCCTACAAG 
rrn-23S rRNA-S1 GCAAAATGCCCCCGTAACTTC 
rrnA-23S rRNA-R CGAGTCCACGGTGAAAACAC 
rrnB-23S rRNA-R GTACCGCAAGTCATTCTCGC 
rrnC-23S rRNA-R GAGGATGTTCGGGATGGTGAG 
rrnD-23S rRNA-R GCCTACCTGGAACTCAAAGC 
rrnE-23S rRNA-R CATTGCTGCAGTACCCATACG 
rrnF-23S rRNA-R GAACACCGTCGTTGTCGAAG 
SCO0829-F CAGACCGAGCAGGCACTC 
SCO0829-R TGCGTGGGGTTCAGCAG 
SCO1695-F ACCGCCTCGTCTGGAAGTA 
SCO1695-R ACACAGCTGCACCATTCCC 
SCO1710-F TGAAGATGAGCCTGGTCGTG 
SCO1710-R TTGAACCAGTACAGCCTGGG 
SCO3231-F CTACAACATCCCACCACCC 
SCO3231-R TCACTGGCGATGTGGTGC 
SCO3491-F CGACCGAGAACCCTTTTC 
SCO3491-R CGAACAGGAGATAGAGGAGCG 
SCO3849-F GTTCACCAGCAAGTACCGCA 
SCO3849-R CTTCTCGGCCTGTTTGTCCG 
SCO4316-F GAAAAACGGTTGGCCCGTG 
SCO4316-R CGGTGATGTCGAGGGACTC 
SCO5002-F CAAGCCGTCCAAGACGTACC 
SCO5002-R CAAGAGTGAAGAAGAGGCG 
SCO5282-F TGCGGTTCATCACGGTCTTC 
SCO5282-R GACGATGTTCTCCAGCACCG 
SCO6274-F CTGTCCGATGCCGAAGGG 
SCO6274-R GCCAGCCAGTCCTGTACG 
SCO6700-F CACTTCTCGGTGTTCGGCTC 
SCO6700-R GGTGTCGGTCTTCGTCATGG 
SCO6683-F GATCTGCTCCTGCGCGAC 
SCO6683-R CCTCCAGGGCTTCCAGCA 
SCO6897-F ACCATCCTCATCCTTCTGCTG 
SCO6897-R TGGAACTGCTCGGTGATGG 
SCO7752-F ACGAACACCTACCGCATCG 
SCO7752-R TTTCGGGTGTTTCGTCCGTG 
rpoB-F GGCCCTCGGCTGGACCCCG 
rpoB-R CGATCAGACCGATGTTCGGG 
rpoB-S1 GACGACATCGACCACTTC 

RT-PCR  
actII-orf4-F TGATCGACGAGGACGAACTCG 
actII-orf4-R ATTCGCGTCGATACGGAGCTG 
hrdB-F CGTGTCGGCCAGCACATCC 
hrdB-R CTGCTGGTCACCGGCTTCG 
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Table 2-14B.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 1326 

Strains 
Position of 

mutation in rpoB 
Amino acid 
exchange 

ACT productiona 
(1326 : ±) 

GYM MR5 
331 N.D. N.D. ± ± 
332 C1309T H437Y ± ± 
333 A1310T H437L ± ± 
334 A1280G D427G ± ± 
335 C1318T R440C ± ± 
336 G1319A R440H ± + 
337 G1319A R440H ± + 
338 G1319A R440H ± + 
339 G1319A R440H ± + 
340 G1319A R440H ± + 
341 G1319A R440H ± + 
342 T1246C F416L ± ± 
343 G1319A R440H ± + 
344 C1318G R440G ± ± 
345 C1318T R440C ± ± 
346 C1318T R440C ± ± 
347 G1319A R440H ± + 
348 G1319A R440H ± + 
349 G1319A R440H ± + 
350 G1319A R440H ± + 
351 A1280G D427G ± ± 
352 C1281G D427E ± ± 
353 G1319A R440H ± + 
354 N.D. N.D. ± ± 
355 T1267C S423P ± + 
356 G1272C Q424H ± ± 
357 C1309T H437Y ± + 
358 C1318T R440C ± ± 
359 G1279A D427N ± ± 
360 T1267C S423P ± + 
361 A1285G N429D ± ± 
362 A1280G D427G ± ± 
363 A1271C Q424P ± ± 
364 A1271C Q424P ± ± 
365 N.D. N.D. ± + 
366 T1246C F416L ± ± 
367 G1279A D427N ± ± 
368 C1424T P475L ± ± 
369 C1309A H437N ± ± 
370 A1285G N429D ± ± 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant.  
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Table 2-14C.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 1326 

Strains 
Position of 

mutation in rpoB 
Amino acid 
exchange 

ACT productiona 
(1326 : ±) 

GYM MR5 
371 A1285G N429D ± ± 
372 A1271G Q424R ± ± 
373 A1285G N429D ± ± 
374 N.D. N.D. ± + 
375 A1285G N429D ± ± 
376 A1285G N429D ± ± 
377 C1424A P475H ± ± 
378 C1281G D427E ± ± 
379 A1310C H437P ± ++ 
380 T1246C F416L ± + 
381 A1285G N429D ± ± 
382 A1285G N429D ± ± 
383 A1310C H437P ± ++ 
384 C1424T P475L ± ± 
385 A1285G N429D ± ± 
386 N.D. N.D. ± ± 
387 T1246C F416L ± + 
388 A1285G N429D ± ± 
389 N.D. N.D. ± + 
390 N.D. N.D. ± ± 
391 A1285G N429D ± ± 
392 C1309A H437N ± ± 
393 T1265C L422P ± + 
394 T1297C S433P ± ± 
395 A1285G N429D ± ± 
396 A1285G N429D ± ± 
397 C1309T H437Y ± + 

     
 Total ++ 2 4 
  + 2 27 
  ± 92 65 
  - 0 0 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant. 
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Table 2-15A.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 SUIC-17 

Strains 
Position of 

mutation in rpoB 
Amino acid exchange 

ACT productiona 
(SUIC-17 : ±) 

GYM MR5 
501 A1285G N429D ± ± 
502 T1246C F416L ± ± 
503 A1310G H437R ± ± 
504 C1318A R440S ± ± 
505 C1318T R440C ± ± 
506 C1424T P475L ± ± 
507 N.D. N.D. ± ++ 
508 N.D. N.D. ± ++ 
509 T1246C F416L ± ± 
510 N.D. N.D. ± ++ 
511 C1318T R440C ± ± 
512 A1280G D427G ± ± 
513 N.D. N.D. ± ++ 
514 G1319A R440H ± ± 
515 N.D. N.D. ± ++ 
516 C1311G H437Q ± ± 
517 C1311G H437Q ± ± 
518 C1281G D427E ± ± 
519 G1279A D427N ± ± 
520 N.D. N.D. ± ± 
521 C1311G H437Q ± ± 
522 C1318T R440C ± ± 
523 N.D. N.D. ± ++ 
524 AT1276-7CC M426P ± ± 
525 T1246C F416L ± ± 
526 C1260A S420R ± ± 
527 C1318T R440C ± ± 
528 C1309G H437D ± ++ 
529 A1280G D427G ± ± 
530 A1280G D427G ± ± 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant. 
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Table 2-15B.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 SUIC-17 

Strains 
Position of 

mutation in rpoB 
Amino acid exchange 

ACT productiona 
(SUIC-17 : ±) 

GYM MR5 
531 G1319A R440H ± ++ 
532 G1319A R440H ± ± 
533 C1309G H437D ± ++ 
534 C1309G H437D ± ++ 
535 G1319A R440H ± + 
536 C1309G H437D ± ++ 
537 C1309G H437D ± ++ 
538 C1309G H437D ± ++ 
539 C1311G H437Q ± ± 
540 C1311G H437Q ± ± 
541 A1285G N429D ± ± 
542 A1285G N429D ± ± 
543 C1309A H437N ± ± 
544 C1311G H437Q ± ± 
545 C1309G H437D ± ++ 
546 C1309G H437D ± ++ 
547 T1246C F416L ± ± 
548 C1309G H437D ± ++ 
549 T1247C F416S ± ± 
550 C1311G H437Q ± ± 
551 C1281G D427E ± ± 
552 C1309G H437D ± + 
553 C1311G H437Q ± ± 
554 G1319A R440H + ++ 
555 C1311G H437Q ± ± 
556 C1309G H437D ± ++ 
557 C1311G H437Q ± ± 
558 T1247C F416S ± ± 
559 C1311G H437Q ± ± 
560 A1310G H437R ± ± 
561 C1311G H437Q ± ± 
562 G1319A R440H ± + 
563 C1281G D427E ± ± 
564 A1285G N429D ± ± 
565 A1285G N429D ± ± 
566 A1285G N429D ± ± 
567 A1285G N429D ± ± 
568 T1265C L422P ± ± 
569 A1280G D427G + ± 
570 C1309T H437Y + ± 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant.  
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Table 2-15C.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 SUIC-17 

Strains 
Position of 

mutation in rpoB 
Amino acid exchange 

ACT productiona 
(SUIC-17 : ±) 

GYM MR5 
571 T1246C F416L ± ± 
572 A1285G N429D ± ± 
573 G1319C R440P ± ± 
574 G1319C R440P ± ± 
575 T1246A F416I ± ± 
576 A1285G N429D ± ± 
577 G1272C Q424H ± ± 
578 N.D. N.D. ± ± 
579 A1285G N429D ± ± 
580 N.D. N.D. ± ± 
581 C1318T R440C ± ± 
582 T1246C F416L ± ± 
583 C1309T H437Y ± ± 
584 T1247C F416S ± ± 
585 C1309A H437N ± ± 
586 C1281A D427E ± ± 
587 A1280G D427G ± ± 
588 G1319C R440P ± ± 
589 N.D. N.D. ± ++ 
590 T1297A S433T ± ± 
591 C1309T H437Y ± ± 
592 C1309T H437Y ± ± 
593 T1297C S433P + ++ 
594 N.D. N.D. ± ± 
595 T1247C F416S ± ± 
596 A1285G N429D ± ± 
597 C1309G H437D + ++ 
599 C1260A S420R ± - 
600 T1267C S423P ± + 
601 C1424T P475L ± - 
602 G1272C Q424H ± ± 
603 N.D. N.D. ± + 
604 A1283C Q428P ± ± 
605 A1424T N442Y ± ± 
606 C1309A H437N ± ± 
607 N.D. N.D. ± - 
608 C1309G H437D ± - 
609 C1309G H437D ± ++ 
610 A1280G D427G ± + 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant.  
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Table 2-15D.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 SUIC-17 

Strain
s 

Position of 
mutation in rpoB 

Amino acid exchange 
ACT productiona 

(SUIC-17 : ±) 
GYM MR5 

611 A1310G H437R + + 
612 A1280G D427G ± + 
613 A1424T N442Y ± ± 
614 N.D. N.D. ± + 
615 C1309G H437D ± + 
616 T1265C L422P ± ++ 
617 N.D. N.D. ± - 
618 T1265C L422P ± ++ 
619 A1324T N442Y ± ± 
620 C1318T R440C ± ± 
621 G1319A R440H ± + 
622 A1324T N442Y ± ± 
623 T1267C S423P ± ± 
624 A1324T N442Y ± ± 
625 G1278T M426I ± - 
626 A1324T N442Y ± ± 
627 G1319A R440H ± + 
628 A1324T N442Y ± ± 
629 G1319A R440H ± + 
630 C1309G H437D ± + 
631 C1309G H437D ± + 
632 A1324T N442Y ± ± 
633 N.D. N.D. ± + 
634 C1318T R440C ± - 
635 A1280G D427G ± ± 
636 C1281G D427E ± + 
637 G1278T M426I ± - 
638 A1324T N442Y ± ± 
639 A1280G D427G ± ± 
640 T1246C F416L ± ++ 
641 A1324T N442Y ± ± 
642 C1281G D427E ± - 
643 A1324T N442Y ± ± 
644 A1324T N442Y ± ± 
645 N.D. N.D. ± ± 
646 C1309T H437Y ± + 
647 T1246C F416L ± ++ 
648 T1246C F416L ± ++ 
649 T1297C S433P ± ++ 
650 C1318T R440C ± ± 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant.  
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Table 2-15E.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 SUIC-17 

Strains 
Position of 

mutation in rpoB 
Amino acid exchange 

ACT productiona 
(SUIC-17 : ±) 

GYM MR5 
651 N.D. N.D. ± - 
652 T1267C S423P ± + 
653 C1309G H437D ± + 
654 T1246C F416L ± - 
655 AAC1288-1290 del N430 del ± - 
656 T1246C F416L ± ++ 
657 A1280G D427G ± ± 
658 A1324T N442Y ± - 
659 G1278T M426I ± - 
660 N.D. N.D. ± + 
661 C1318T R440C ± ± 
662 G1278T M426I ± - 
663 C1318T R440C + ± 
664 C1309G H437D ± + 
665 A1324T N442Y ± - 
666 C1309G H437D ± + 
667 C1309G H437D + + 
668 A1324T N442Y ± ± 
669 A1285G N429D ± - 
670 N.D. N.D. ± + 
671 N.D. N.D. ± + 
672 T1246C F416L ± ++ 
673 C1311G H437Q ± - 
674 N.D. N.D. ± ++ 
675 A1285G N429D ± - 
676 A1310G H437R ± + 
677 N.D. N.D. ± + 
678 T1246C F416L + ++ 
679 N.D. N.D. ± - 
680 T1267C S423P ± ++ 
681 A1285G N429D ± - 
682 T1267C S423P ± ++ 
683 A1285G N429D ± - 
684 A1280G D427G + + 
685 A1285G N429D ± - 
686 A1285G N429D ± ± 
687 N.D. N.D. ± + 
688 G1279A D427N ± - 
689 T1267C S423P ± + 
690 C1309G H437D ± + 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant.  
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Table 2-15F.  Characteristics of rifampicin-resistant mutants isolated  
from S. lividans 66 SUIC-17 

Strains 
Position of 

mutation in rpoB 
Amino acid 
exchange 

ACT productiona 
(SUIC-17 : ±) 

GYM MR5 

691 C1270A Q424K ± - 
692 G1272C Q424H ± + 
693 G1272C Q424H ± + 

     
 Total ++ 0 34 
  + 10 34 
  ± 182 99 
  - 0 25 

Abbreviations: ACT, Actinorhodin ; N.D., Not determined. 
a Determined after 7 days of cultivation on MR5 agar medium. 
  -, no production; ±, little; +, moderate; ++, abundant. 
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Table 3-4A.  Primers used in this study. 

Primer Oligonucleotide sequence (5’→3’) 
DNA sequence  

sco0799_F GCCGGGTGCTCCTGC 
sco0799_R CTCCGTGAGCTGTGCGAC 
sco3207_F CCCTCACAGACACCACAGAC 
sco3207_R ATCATCAGATCGCCGACGC 
sco3558_F ATCGGTGGATTCTCCGTGC 
sco3558_R GAATGCGGCGGTACGAATG 
sco6262_F GTCGGCGTACGACCTGTTC 
sco6262_R GTGTCCATCTCGGCCTCG 
sco3207_F GTAGCCGGCGGAGGTG 
sco3207_R AGATGAGAAAAGGGGCGAGTG 
sco6262_F GGCTCTACGTCCAGTTCGAG 
sco6262_R CTCGCGTGCCTCCCG 
sco6262_S1 AGAGGACTTCGGGGGAG 
sco6262_S2 GCGCGACCGGCTCACCG 
sco6262_S3 GGCCGCGCTGTACGAGG 
sco0829_F CTCGACTTCAAGACGGTCTCC 
sco0829_R CTCAGGTCGCGCTCCATC 
sco3173_F CTTCGAGGGCGAGGTCAC 
sco3173_R GACCGTACTCGTGGTGGTC 
sco3774_F ATGTCCGTCAGCGACAACAC 
sco3774_R GTGCCGATCACCGCATCC 
SCP1.275_F ATCACGTAAAGGGCCTCTGG 
SCP1.275_R ACTGCAAAAGTTCGGCATCC 
sco3549_F ATCGGGTCGGTGATTCTTGG 
sco3549_R CCGAGGTGTGAATGGGGAAC 
sco3932_F CTGTGACCGTCTCCTCATCG 
sco3932_R CGTCGCCTCGGTTCCTTG 
sco5494_F CATCAACGGCCTCTCCATCC 
sco5494_R TCAACCGCTATTCCTCAGCC 
sco3831_F CTCAAGGGCGACGACGTG 
sco3831_R TCGGGGTCCTGGTTCATCC 
sco4587_F GAGTCGAGACATCGTTCCCC 
sco4587_R TGGACAGCGTGTACCAGTAG 
sco5550_F GATGAGCAGGACGGTCACG 
sco5550_R GCCCAGCAGTTCGAGGAG 
sco7626_F TTGTCCAGTTTCGGGGATGC 
sco7626_R GCACGGTACGTCCAGCTC 
sco7284_F GACGTCTCCTGAGCCCTGTC 
sco7284_R GGGTCGTCGGGGTCATCC 
s v t n 1 5 9 8 5 _ F  G C A C G A C T C C T G A AT C T G C T C  
s v t n 1 5 9 8 5 _ R  T G A A G T C G A C G T C C AT G A G G G  
s v t n 2 7 3 3 5 _ F  C AT G A C C T C C AT C AT C C G C C  
s v t n 2 7 3 3 5 _ R  AT C C A C A C A C A G C C G A A G T C  
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Table 3-6.  Representative Streptomyces strains used in this study 
Strain MIC of OF  a Comments Reference or source 

 (µg/ml)   
S. coelicolor A3(2)    

1147 (Parent) 5 Prototrophic strain 2 
SCO1 40 ACT overproduction in this study 
SCO2 80 RED overproduction in this study 
SCO3 80 Methylenomycin A overproduction in this study 
SCO4 40 Putative carotenoid overproduction in this study 
SCO5 160 ACT overproduction in the presence of OF in this study 
SCO6 160 ACT overproduction in the presence of OF in this study 
SCO7 40 ACT overproduction in the presence of OF in this study 
SCO8 320 High-level OF resistance in this study 

S. lividans 66    
1326 (Parent) 5 Prototrophic strain 2 
SLO1 20 ACT overproduction in this study 
SLO2 40 Change in spore color in this study 
SLO3 40 Spore deficiency in this study 
SLO4 40 ACT overproduction in the presence of OF in this study 
SLO5 40 ACT overproduction in the presence of OF in this study 
SLO6 80 ACT overproduction in the presence of OF in this study 

S. vietnamensis    
NBRC 104153 (Parent) 5 Prototrophic strain NBRC strain b 
SVO1 40 GRA overproduction in this study 
SVO2 40 Spore deficiency & Altered pigmentation in this study 
SVO3 160 GRA overproduction in the presence of OF in this study 

S. griseus    
 IFO 13350 (Parent) 3 Prototrophic strain NBRC strain b 
 SGO1 12 Antibacterial overproduction in this study 
 SGO2 24 Antibacterial overproduction in this study 
 SGO3 24 Pigment overproduction in this study 
Streptomyces sp. Y-4    
 Y-4 (Parent) 10 Prototrophic strain LC650963  c 
 SO1 160 Antibacterial overproduction in this study 
 SO2 80 Spore deficiency in this study 
 SO3 80 Pigment deficiency in this study 
ACT: actinorhodin; GRA: granaticin; OF: ofloxacin; RED: undecylprodigiocin. 
a Determined after incubation on GYM agar medium at 30 ˚ C for 3 days. 
b Obtained from the NBRC culture collection (NITE Biological Resource Center Japan). 
c Partial 16S rDNA sequence data are available in the DDBJ Sequenced Read Archive under  

accession numbers indicated. 
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Fig. 3-3.  OF resistance in OF-resistant mutants of S. coelicolor A3(2). Strains (1 
× 105 CFU spores and hyphal fragments) were inoculated onto GYM agar medium 
containing OF and incubated at 30˚C for 7 days. 
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Fig. 3-4. Ciprofloxacin resistance in OF-resistant mutants of S. coelicolor A3(2). 
Strains (1 × 105 CFU spores and hyphal fragments) were inoculated onto GYM agar 
medium containing ciprofloxacin and incubated at 30˚C for 7 days. 
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Fig. 3-5. Novobiocin resistance in OF-resistant mutants of S. coelicolor A3(2). 
Strains were inoculated onto GYM agar medium containing novobiocin and 
incubated at 30˚C for 7 days. 
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Table 3-7.  Frequency of antibiotic-overproducing OF-resistant mutants in various 
strains of Streptomyces 

Strain Spore inoculated Frequency 
 (CFU) OF r mutants Antibiotic-overproducing OF r mutant (%) 

S. coelicolor A3(2) 1147 4.8×108 9.3×10-7 8.6 [38/444] a 
S. lividans 66 1326 1.0×1010 1.3×10-8 13.6 [17/125] 
S. vietnamensis NBRC 104153 3.6×109 5.3×10-8 1.6 [3/189] 
S. griseus IFO 13350 4.8×1010 3.9×10-9 8.6 [16/186] 
Streptomyces sp. Y-4 8.0×109 4.1×10-8 80.4 [266/331] 
MIC: minimum inhibitory concentration; OF: ofloxacin. 
a The number of antibiotic-overproducing OF  r mutants / OF  r mutants tested 
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Fig. 3-6.  Activation of secondary metabolism in ofloxacin-resistant (OFr) 
mutants isolated from S. coelicolor A3(2). (A) Colony morphology and antibiotic 
production. Strains were grown on MR5 agar plates at 30˚C for 7 days. (B) Pigmented 
antibiotics production. Strains were grown in GYM liquid medium at 30˚C with 
shaking at 200 rpm for 7 days. (C) Antibacterial production in the early growth phase. 
Strains were grown on R3 agar plates at 30˚C for 3 days (upper panel). Bioassay to 
test the antibacterial production of OFr mutants against Staphylococcus aureus 209P 
(lower panel). Agar plugs were transferred to an assay plate containing S. aureus 
cells. The assay plates were incubated at 37˚C for an additional 12 h. 
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Fig. 3-7.  Methylenomycin A production by the OFr mutant SCO3 in S. 
coelicolor A3(2). (A) Bioassay of the culture extract prepared from the parental and 
SCO3 strains. Strains were grown on R3 agar plates at 30˚C for the indicated times. 
The dried crude extracts from 25 ml of agar medium were dissolved in 2.5 ml of 
ultrapure water and a portion (500 µL) of the extract was used for the antibacterial 
assay activity against S. aureus. (B) HPLC analysis of the culture extract prepared 
from parental and SCO3 strains. Strains were grown on R3 agar plates at 30˚C for 60 
h. The arrow indicates the peak of methylenomycin A. (C) Chemical structure of 
methylenomycin A. 
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Table 3-8.  Chemical shift values of methylenomycin A in DMSO-d6 
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Fig. 3-8.  1H NMR spectrum of methylenomycin A 
. 

Fig. 3-9.  13C NMR and DEPT135 spectra of methylenomycin A 
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Fig. 3-10.  HSQC spectrum of methylenomycin A 
 

Fig. 3-11.  HMBC spectrum of methylenomycin A 
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Fig. 3-12.  Key HMBC correlations for structure 
identification of methylenomycin A 
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Fig. 3-15.  HPLC analysis of the culture extract prepared from the OF-
resistant mutants isolated from Streptomyces strains. Strains were grown at 
30˚C for 7 days. Samples were prepared and analyzed as described in the 
Materials and Methods section. The eluate absorbance was monitored at 210 nm. 
The colored arrows indicate clearly detectable peaks in the samples prepared 
from a culture plate of the corresponding OF-resistant mutant. (A) S. lividans 
66 strains were grown on R4 agar medium. (B) S. griseus strains were grown on 
MR5 agar medium. 
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Fig. 3-17.  Effects of OF on the growth and actinorhodin production 
of various OF-resistant mutants isolated from Streptomyces spp. (A) 
S. coelicolor A3(2) strains were grown at 30˚C for 7 days on GYM agar 
medium. (B) S. lividans 66 strains were grown at 30˚C for 7 days on R4 
agar medium. 
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Table 3-9.  Summary of mutations in the OF-resistant mutants of S. coelicolor A3(2) 
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