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Fig. 1-1. The life cycle and secondary metabolism of typical actinomycetes
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Fig. 1-2. Antibiotic development and its resistance observation
The upper half shows the year of the antibiotic development. The lower half
shows the year of emergence of the drug-resistant microorganisms.
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Fig. 1-3. The spread of antibiotic resistance and its challenges and solutions
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Fig. 1-4. Genetic potential for secondary metabolism in actinomycetes
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Fig. 2-1. The chemical structure of erythromycin

Streptomyces coelicolor A3(2) Streptomyces lividans 66
—Ca +Ca
1326 SLE259 1326 SLE259
(Parent) (Mutant) (Parent) (Mutant)
1147 ERY " mutant

(Parent) 5 days

[|
30F | | 5 days
25k SLE259
—~ M
RAC 5,0l | ! (Mutant)
Z 2
ESE s il
2 Y |_|_ i
L2 10¢f -
MRS A=
05 1326
1. (Parent)
0 5
0 10 20 30 40

Retention time (min)

Fig. 2-2. Activation of antibiotic production in Streptomyces spp. through the
acquisition of erythromycin resistance
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2. ERM B BLIUOERGE
2-1 EHEK

AW FE TIE, Table 2-1 28 T M E 26 H L7z, Streptomyces
coelicolor A3(2) 1147 ¥k B LW Streptomyces lividans 66 1326 £ 1%,
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B AT vnY—MRERAWEERIT 2=y VI,

Table 2-1. Streptomyces strains used in this study

Strain Relevant characteristics Source and/or References

Streptomyces coelicolor A3(2)

1147 Prototrophic wild-type 2
(SCP1*, SCP2™)
SCE234 nsdA T680G (L227R) Spontaneous mutant < 1147 ©°
rrnA-23S rRNA-A2302T
SUIC-14 nsdA T680G (L227R) Gene replacement strain < 1147 6!
SUIC-15 rrnA-23S rRNA-A2302T Gene replacement strain < 1147 6!
SUIC-16 rrnA-23S rRNA-A2302T Gene replacement strain < 1147 6!

Streptomyces lividans 66

1326 Prototrophic wild-type 2
(SLP2*, SLP3™)
SLE259 rrnC-23S rRNA-A2281G Spontaneous mutant < 1326 ¢°
SUIC-17 rrnC-23S rRNA-A2281G Gene replacement strain < 1326 !
SUIC-18 rpoB C1309G (H437D) Spontaneous mutant < 1326
In this study
SUIC-19 rpoB C1309G (H437D) Spontaneous mutant < SUIC-17

rrnC-23S rRNA-A2281G

In this study
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2-2 B

TR A D1 #121X, GYM, R3, R4, Modified R5 MR5) . YEME, 88X ' SFM
B2 Ad U7, B HMEL AR 1T Table 2-2~7 (R LT-, R EF A ERIT A 821
HRK  FATATAIRERRES) & 2 % wiv) &b X0z Tz, ARLL 755
TN 121°C, 15 43ff) L7z, 7272L SFM BTl 115°C. 15 47 [H
DIMEZRS W 2 BATRo7,

Table 2-2. GYM medium

Glucose (FUJIFILM Wako Pure Chemical Corp.) 4 g
Dried Yeast Extract (Nacalai Tesque, Inc.) 4 g
Extract Malt (Nacalai Tesque, Inc.) 10 g
NaCl (FUJIFILM Wako Pure Chemical Corp.) 2 g
NZ amine, Type A (FUJIFILM Wako Pure Chemical Corp.) 1 g
OB salt * 600 puL
pH 7.2-7.3

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

* OB salt
MgSO4+ 7H,0 (Nacalai Tesque, Inc.) 50 g
CuS04-*5H,0 (Nacalai Tesque, Inc.) 1.6 g
FeSO4+ 7H,0 (Nacalai Tesque, Inc.) 25 g
MnSOy4+ 5H>0O (Nacalai Tesque, Inc.) 1.2 g
CaCl,*2H,0 (Nacalai Tesque, Inc.) 6.6 g
ZnS0O4+ 7H,0 (Nacalai Tesque, Inc.) 3 g

Fill up to 1,000 ml with RO water.
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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.) 56 g
L-proline (Sigma-Aldrich, Inc.) 3 g
MgCl,+ 6H,0 (Nacalai Tesque, Inc.) 10 g
CaCl,*2H,0 (Nacalai Tesque, Inc.) 4 g
K»SO4 (Nacalai Tesque, Inc.) 200 mg
KH,PO4 (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
ZnCl, (Nacalai Tesque, Inc.) 40 mg
FeCls* 6H,O (Nacalai Tesque, Inc.) 200 mg
CuCl;*2H,0 (Nacalai Tesque, Inc.) 10 mg
MnCl,+4H,0 (Nacalai Tesque, Inc.) 10 mg
Nay;B407+ 10H,0 (Nacalai Tesque, Inc.) 10 mg
(NH4)sM07024+4H,0 (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.) 56 g
Trace elements * 2 ml
L-proline (Sigma-Aldrich, Inc.) 3 g
MgCl,+ 6H,0 (Nacalai Tesque, Inc.) 10 g
CaCl,*2H>0 (Nacalai Tesque, Inc.) 4 g
K»SO4 (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 RS (MR5) medium
Glucose (FUJIFILM Wako Pure Chemical Corp.) 10 g
Yeast Extract (Nacalai Tesque, Inc.) 5 g
TES (Nacalai Tesque, Inc.) 573 ¢
Trace elements * 2 ml
MgCl,+ 6H,0 (Nacalai Tesque, Inc.) 10.12 g
K»SO4 (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.)
Sucrose (FUJIFILM Wako Pure Chemical Corp.)
Yeast Extract (Bacto)

Extract Malt (Nacalai Tesque, Inc.)

Bacto peptone (Bacto)

pH 7.2-7.3

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

After autoclaving, 2ml of 2.5M MgCl,+* 6H,0 (Nacalai Tesque, Inc.) was added.

Table 2-7. SFM medium

Mannitol ((Nacalai Tesque, Inc.)
Soya flour (Alishan LLC)

Add 1,000 ml tap water.

20

20

19



2-3 BMBREOEE

ERBEEROBICE, MBRE O 7% GYM, R3, R4, MRS, F721%
SFM %€ K- # (25 ml B5 1/ 9cm ¥ —L TAXUUEE N & 4h) ) ICHE
L.30°C T 3~14 MERBLL MAEBEROBEIZIT. BKROEELZY
72, 77 AaHiz0 3 HOAT LA a0 B 20 ml/ 100 ml & =
B 77ATE R TIHEITEZ Smm, EEZ2cm DL O) B H# 100 ml /
500 ml B =A77AaTIHEERE 10 mm, EEX 4.5 cm OHLD) Z AL, 30
‘C.200 rpm CT7 [HE&ELE,

2-4 RTBEROFAH

2-3. IZPEVN, S. coelicolor A3(2)bLLIX S. lividans 66 Z GYM & X
B HUICHERE L, 30°C T 7~10 HiE L, B&E 7V —b 1-5 oy ol 7
BIOXEAREZ @ H THEERV, F7AE—X No.2, ¢1.5-2.5mm)
ANV BRE N D RO K 3~5mlIZRR L7o, ZNER LT v I AIF S
—IZED il L% 10 IR E Lz, BB Y L0 L &R
ML, &OD 40% v/iv)ZUea—LEllaL. 2hasi BB ikeLr-,
e -9 W R 1%, -20°C £721%-80°C TR AF LT,

2-5 RANAEFHRLERBRED E

T 2u~x AV FTHIATAIKRA &) AN T h~Avy T hIA
TAIBER S ) . FAANT Ry V=T ARy TF) V77V
ELE7 v FmMEKRKXNSML)  BIXOA 7S BT L
MK S) o Wz E e GYM XA 4 HIL, K
RE O % 1 XKEH7Y 1X10° CFU colony forming unit) 2
FEL.30C T 3-7 MHERELEZ BEERERMEEDRONIEA R
& /N E B LR E MIC) &L7,

2.6 EREAEEBICEFTOHE

S. coelicolor A3(2)HL<IX S. lividans 66 Ofid 7+ 2X10° CFU) %1
Zi R4, HLLIX YEME AR K #1 (20 ml K1 100 ml & =4 77X
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a) JICHEFE L, 2-3 OLFEARICE B LT, W AIKIZAM No. 2. HFE K
MRS ZHWT B BRENG A TH5ZETERELL, TOE.
MA~OE; Rk 73 D 2 <72 RO K THE B P L, H & Z2i &
ToHID, ARESSCT— L7, ERHZOAMOE R I, A O
HDOEEZZLG W EHE2REKEE L,

YEME #Z /K £ #1100 ml 55 #1 / 500 ml & = f4 77 22) & Wk
T, BEBE O 1X107 CFU) # L, B /T DO Asso H 2 W E
L. A& F OFAMEIT 27,

2-7 GLAEMHEEEOFAM
FRAARLEWETIF v—Dr

FE R EF 58 TlE. S. coelicolor A3(2)HL<IE S. lividans 66 O 5X
10° CFU) ZZ 24 GYM, R4, HL<iX MRS5S & K Hi ([CHEFEL | 30°C
T5~7 MRBBELE 779 B—YrofEREOOAZEOLEEREEN
HRICHE L, BMBIERAERLTOWARVEKIC WTIE,. GYM # X
B TR EBLEEKZNG B CREImD, KK #H 0% K E I ICB
L., & 2T o7,

WIKERBICBIDTZ7F o= AERITIL TOLIICH ELE, S
coelicolor A3(2) & S. lividans 66 ®Jd ¥ 2X10° CFU) % R4, £721%
YEME JZ /A £ 1 (20 ml 551 100 ml & =/ 77 2=) J IR L, 30
°C. 200 rpm. 7 MIE;FE L7, 250 pl HLIL 500 pl O EHREZEDE
V., BEO2MKOHZMAX, ANVTvIAIXH —2H W T+ IZIREG L.
=04y B 6,000X g, 10 43 ) Lz, @O o BER O B ZFIIX L., Asso
i 23 & Uiz, W% E Ofl & 13 SMART SPEC PLUS BIO-RAD) % f
Wz,

RAEGBRRNEMWE YT VTuY Fvv
BRERBIIBIDIVC T LTy FUUAEIR.TIF n—V Uk
PE R A O & LR R ORS 2 ATV REA T AT, 2K B o
iNGY R =AU RN SRR R N A L N A R i
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IR R T MM E 2T 7F v— 0 AR OB &R B o RS %
ZL721% . 500 pl OBk E=EVED = O B 13,000Xg, 10 4y i)
%", EEET BRELLZ BONTEIKRIZ 500 ul DAX —)v FaT7A
TIOARRA S ) ZWIML, AV T vy 7 AIF Y —TH HiR L1 H-)
FToHZeTUrTUATRY FU Uit Lz, 500 ul @ 1M HCI % il HY
WIZHIML, +olciBAE L%, =08 13,000Xg, 10 43 f]) % o
EE &L, Asso E 28 E L7,

2-8 REBLTORE
Yufa fK DNA D7E 5l

7o A oY% @Ak DNA OF R IXLL Fo®@victir o7, S
coelicolor A3(2) HLLIE S. lividans 66 Ofd ¥ 1X107 CFU) # YEME
WRAREEH (100 ml E5HE 500ml X = A 77A2) JITHEFE L, AssofE
0.4 775 0.8 IZETOHETHRBLIL, B EKEZ 50 ml Fa—71ZBL
Doy BE 2,500X g, 4°C.5 o) Lz, EWEBRE% .10 ml @ STE
Buffer ([ 10mM Tris-HC1 pH 8.0) , 10 mM EDTA pH 8.0) ., 150 mM
NaCl) CHE A Z 2 [HkE L, =m0 08 2,500xXg, 4°C.5 ) #%. b
HabrELlz, BIEE 1 mg/ml £725K5UYF—  From chicken egg
white, 7 <7 /WKy F) ZU L7 5 ml @ STE Buffer (28 ¥ L, 37
‘CT1HFME®EL7, 30 ul ® 20mg/ml Proteinase K &k ¥ W7 A
AR S 4) 22 TEBIEA L. S50 ul @ 10%  w/v) SDS ® K #
WE 1%)ZRML, KEBRAGLE®Z.S55C T2 HEHELZ, =0
T —)v/zuaniR)l AV TILTa—)b PCI)=25:24:1 =vyKY»
VU St 2z 30 o MESHICTEAS L, E OO 890X g,
4°C.10 0 M) %, EiEEHLWVLS0 ml Fa—7 B LI, PCIAL %2
BTV, BNz ETEIC2 ul @ 10mg/ml RNaseA ZHT A4 k&
fE) ZWML,37°C T 1 FEME@E L, PCI L 23502 3 BTV, 15
Sz EiEIC LT 1/10 & 3M O R)Y  pH 5.2) 2 LK
R A LZth., &D 99.5%=% —/L & L7 L mitMMEKRLS
) ZMA T, W AT T A THEEIY, 70% =% — LT &% &
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W L7z, fs b7 DNA % i & © TE Buffer [ 10 mM Tris-
(Hydroxymethyl) Aminomethane-HCl pH 8.0) ., 1 mM EDTA pH
8.0) J ICHEfi# % . 230 nm, 260 nm, 280nm DWW Y& & 2l F L. DNA i
JE 251 mg/ml LL EBID Azgo/A230 3 1.8 UL L THHZ L& MEFR LT,

KR —Troy—icksd 7 #EH

S. coelicolor A3(2) BEWS. lividans 66 © 7 fEH X, X S &
OB EK DNA ZH W, 2—n7 v V= IZAR AR AR FEK
B K A Dy i i JE T A 1 R R B B Y — 2K FE L, Table 2-8 I
%?%@“G‘ﬁ’i*ﬁ%ﬁﬁb\%\%0)%;@\:@%”*%%%&1/7‘10 28 J e Al VA
AZ DNA =7y 7270 BR O F Ll 352 LIC kD& R
DA B EER LT,

Table 2-8. The performance specification of Next-generation sequencing

Sequencer Method Read length Called Bases
S. coelicolor A3(2)
1147 Hiseq2500 Paired-end 125bp/read 3.6 Gb
SUIC-15 Hiseq2500 Paired-end 125bp/read 4.7 Gb
SUIC-16 Hiseq2500 Paired-end 125bp/read 3.3Gb
S. lividans 66
1326 MiSeq Paired-end 125bp/read 3.5Gb
SLE259 MiSeq Paired-end 125bp/read 3.2Gb
SUIC-17 MiSeq Paired-end 125bp/read 3.9 Gb
BEFRENTIA~—DIER

Strepdb http://strepdb.streptomyces.org.uk/cgi-bin/dc3.pl?accessio
n=AL645882&start=4291472&end=4302043&iorm=map&width=900) .
F721% GenBank KV H WO EE Y 2R H L., 2O/ 5 1EF & 2 412
Primer BLAST Z/l W T, 7I A4~ —%& il Lz, Rt L7 I/~ —d=
—n7 Y= IVAKRA S B EIRT Ao AR A A
LILKIEM A S ~reVzr Dy A B EREL, AL,
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B E D DNABRFICBIDER DR E
PCR

PCR (21X, DNA RUAZ—EEL T, Tks Gflex™ DNA Polymerase #
BT AFERR S ) 26 H Uiz, Table 2-9 O R TR G R 270 8 L,
B OBMIE~=a2T VIZHEV PCR 2fro7, LT 74~ —1%.
Table 2-10 ([ZRL# L7z, H R D EET i Ko 6o~ A7 —
YRR EIE. T =0 R & KOS O E B KO A2 '
HEI Lz, y—~ Y AT —|Z1X. Applied Biosystems Gene Amp®
PCR System 9700 Applied Biosystems) 3535 GeneQ Bioer Technolo
gy Co., Ltd) =i lH L7,

Ar=—PCROEIIT, MR EK O F 2, GYM % K 5 i (THE ML |
30C. 1 BEKE & L7, NGB THE A 2RI EHY ., PCR S K I
W L7, 7220 s R Table 2-9) 1%, MilliQ /K% 8.8 ul &L
726

Table 2-9. Reaction mixture for PCR

2 X Gflex PCR Buffer (Mg?* dNTP plus) 10 ul
Forward primer (10 pmol/pl) 0.4 pl
Reverse primer (10 pmol/ul) 0.4 ul
Tks Gflex DNA Polymerase (1.25 units/pl) 0.4 pul
Template DNA (genomic DNA) (0.1 or 1 ng/ul) 1 ul
Sterilized MilliQ water 7.8 ul
Total volume 20wl
THa—R7 NV E K VK B

THaO—AF VI T Ha—2R § =oRr Y —r kS i) 2K 8 E
1.0% w/v) £725 %912 TAE buffer pH 8.3) =vAR ¥ —Fk K& 4h)
WML, 10 mg/mL RAb=F Yy WK FTATATAIKRASH) 27
Ha—A7 0 40 ml 720 5 pl IRMUTER L7, B K vk #) 2 & 13,
Mupid-2plus ADVANCE) &zl Wiz, 75 F A X ~—F —|L, WATSON
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kb 7% —~—X4— WATSON) $, L<IX FastGeneTM 1kb DNA Ladder
PLUS RKyzx7 AN &) Z2H Wiz,

PCR EY DK R
HME L7~ DNA W A 0% 8 121X, FastGene™ 4 JL/PCR Hli i ¥~ |
K237 AKX S ZHW M BO~=a2T7 VIt > T, R L,

DNA V—F vy

FERINSE T L2 IE DNAW A id, =2—a7 U= ARSI
FZFELT.DNA > — 4T HhiT -7,
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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
actll-orf4-F TGATCGACGAGGACGAACTCG
actll-orf4-R ATTCGCGTCGATACGGAGCTG
hrdB-F CGTGTCGGCCAGCACATCC
hrdB-R CTGCTGGTCACCGGCTTCG
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2-9 B RFRAROFAM
S. coelicolor A3(2) Ofd ¥ 1X10° CFU) % GYM %& K % H |2 4% F
L.30CCT 7 MEBEBLE BESV-MY. R EEHBERALFRL, 1
ml WA V7roer 200 pg/ml) AD GYM 2 K B # I8 Fl L,
30C, 7 MMEBBLE MBALTCELMEar=—%2F R EOEKK AV
GYM ZEKEHIZEML,30C, 7 MEE®K. BLKICH X4 F 2
FICRMRE R 2 AW Bk U7, & R A F T, G oim
PERR B 282 FE L T8 TR 9 A2 THE H LT,
S. lividans 66 Ol - 1X10° CFU) Z# GYM X HIZHERL, 30C
T7 MEBLEERZBISL-MY R T-RBREBEREABHL WERFL
O TFBRBIEOR FIREZR N, KM VT7rroErr 200
ug/ml, A7 h~AT 2 20 pg/ml, FA AR TR 10 pg/ml, LT
F7axt T 25 ug/ml) AV GYM # K EEH 1 7L —8H7=0, 1X108
CFU MY O M@ Z2 ML, 30°C. 7 M5 2& 217, Ak
HAEHBSE, HBLLCEEMEan=—%2F R E OHEKA AVGYM %
REEHIZHEML,30C. 7 MEBEEZ. BRI BHEFZAEFTNR
LEERANS Y i i I T K ol N/ SRl B - N~ (4 SN2 S e N & % Wl 1 I e AR £
AN F R CRI2Z2ETHERELE, B, KFEMITBWT, U7
7B RNA RIATZ—EBEZEMNETI0AEME) MEZERICEREL
TEBBEAEROFFMIT/RDIEERETDHD, FTAHAN TR VRV —
50S 7 2=y EWETOMAEME VA AL U ETENETD
AL R D) ] AN T R~ AT [URY—  30S V7 a=v EiER &
THHAEWE ] . BEXOA7axY T [DNA FRAYAT—F IV BIO
DNA VXAV —AZEH LTI AEME ] EWHIE IR AR D80 &
MBAEZANWT V77 LA OB S 21T o7,

2-10 mRNA Bz 7 B R AT

RNA OF &
S. coelicolor A3(2) HLIX S. lividans 66 Z&tu 7 b ZHE N
MRS B REH T # % . 2ml v~/ F2—7ICEH K BXZ 65mg) &
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NEY IR AR ZE FE TH PR L, R £ T-80°C TR F L7z,
RNA O # 1%, Sepasol®-RNA I Super G T HIA4T A7k &

1) . BL Y High Pure RNA Isolation Kit By = X ATV A7 v/ A
A ) ZHWTLL TO@EVIZIT 72, BERZKIEE 10 mg/ml 725
oIV F— =T ARIyF) LI 200 pl @ Lysis Buffer
(50 mM Tris-HCI (pH 8.0). 50 mM EDTA. 20% (w/v) AZuv—RX] Tk
WLOWMLGE #%.30°C T10 0 M #FE L7, 1 ml @ Sepasol®-RNA
[ Super GZWIML., 30 XimEAR%.50°C T10 /0 M EF@E L7, 200
pl ozoudk B ET7 L MR ER A S E) Z2IRIN%E . B

L. T3 oM&ELE, =008 12,000xg, 4°C. 15 5 [) % .
KED 650 ul ZH LW 1.5 ml Fa—7I1ZBL., EOD 2-7rs8 — b

BL7 v ftMEKRAASH)EBRIMLEZ, MLBEA®Z. R T
10 M & EL, =008 12,000xg, 4°C, 15 50 [M) % O EE %2R &
L7ze 1l ml @ 75% % —LZERM%E. LB L. i'u/\%ﬁ

12,000xg,4°C, 15 4 fM) #% . Bl &5 (ZBREL.S oM E L,
42 ul ® DEPC AL /K FTHIAT AR RS 4) ClhBr 2L, 1l
® RNase Inhibitor 20 U/ul, 77 74K A4 27 AN ES4E) .5
ul 10xDNase I Buffer #77 AFHK AN E4)  BLO 2 pl @
Recombinant DNase I 5U/ul, #77 A4k &) ZdmL,37°C T
30 sy M EFE %2 . 150 ul ® DEPC AL KZEMx =% 200ul &7, 5
S5 7~ RNA IR Ok 81, High Pure RNA Isolation Kit Z/H W T, iR
ff~=a2T7 Vo7 aba it - Cir o7, KB #% . 230nm, 260 nm., B &
Y 280 nm DWW £ 2 7E L. Azeo/Azso 3L TN Azeo/Azzo DA 23 1.8 LA
LEThorZlaid Lo,

»

* F & RT-PCR

RNA 7°5 ¢DNA ~®#f#s K Ii IdL, Transcriptor First Strand
cDNA Synthesis Kit @Yo X AT 7 A7 v I7ARRAXS4) ZH W T
fTol2, 1ug® RNA, BLRIulOI7o4 ~FHh~—TTF7(~— 600
pmol/ul) ZE H L R OB ~=aT7 VIZHE VW EL KIS 55°C,
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304y, B 10 uD) 2TV, Wl KIS ES L,

PCR (21X, DNA R AT —EEL T, Tks Gflex™ DNA Polymerase #
N7 AFKRKX M) 2E ML, ] L2774~ —1d, Table 2-10 I
L7, 79A4~—DE ML 2-9 BIETFHEN TSI~ —DIERK &L[H
BRITAT o7, Table 2-9 LR DMK TRIG K 2B L, Tks Gflex™
DNA Polymerase Off & O~v==7 /WVIZHE VW, PCR 1T o7z, 7272L
Table 2-9 O S D9 | Template DNA (genomic DNA)DfX DT,
Ws PO 1 opl 200 X, PCR 24T »72, H B O IE Wr i 283G 50072
WIE G R~ AT— URBHLG A I, T2 7R & KL O E
BLUOKMzZzEEMBH L, P —~ v 4277 — 121X, Applied
Biosystems Gene Amp® PCR System 9700 Applied Biosystems) 3 &
" GeneQ Bioer Technology Co., Ltd) Zff H L7z,

2-11 27 E R B R

G IR O R

3 ATHEV S, lividans 66 ZRvunr T L EHEONTE MRS #E R B
THE#%.2 ml v/ Fa—7 WK BLZ 65mg) /&0, KK
EFRTHITHFE L, A FFET-80°C TR L7, B IR 2@l fi# 1% .
I mM ® PMSF & L7 o Fndefli sk X2 4h) 25 &0 TMA-I Buffer
(10 mM Tris-HCI(pH 7.7), 30 mM CH3;COONH4, 5 mM Mg(CH3C0O0),
1 mM DTT, 20% v/v) ZUta—/ L) THHEL. 2.4 gDV Va=7HRr— /L

B £ 0.6 mm, Nikkato, Co., Ltd.) & 1mM ® PMSF %% & TMA-I
Buffer % 500 ul il 272, € —RX7Zv ¥ — ut-12 %A 2 4k TAITEC)
ZHWCHE KO 3,200 rpm, 30sec) & #H 4°C.3 M) % 6 [a]

DI L= . E D BE 14,800 rpm, 4°C. 20 4y i) L. EiE&E#H LW
1.5 ml Fa—7 B L. o bif2ro—XFa—7 Fild Iy 1
& 14,000 MWCO, AL£& 50A ., =—7F7 7Tk 4) 1B L, Mk fih
¥ D 60 fi5 8 LI E O TMA-I Buffer 1 CE M 3 M .2M0) Lz, &
W#HoOYy 7 NEELSEE 14,800 rpm, 4°C. 10 47 M) L. B bh- b
Wa Zry "Bt eELz, AEox X778 B E X, BIO-RAD
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protein assay A4 - Ty KNS 4) 2 H W, Bradford & THI & L7z,

DT ARFTwayT VT

Bon 2B HEY U2 E 5-10 pg FHY) 2 &0
EzApply 7h—#RXN&=4k) LIRAE LT, @%ﬂ%* HC 5 4y [ E L2
INZI5%RITIZINVTIRTFVER WZEK[RK BN LT, 0 F~—7
— 21X, CLEARLY Stained Protein Ladder ##%7 A A& t) 21ff
A L. & X vk 8 /X, Running Buffer [1.44% Glycin. 0.3% Tris
(Hydroxymethyl) Aminomethane, 0.1% SDS] A7 7 & & vk By % &

MODEL BE-211, kX &4tk A4 27F78) #H\T,20-30 mA OE &
It TIT o7,

KENVR O VIE 20% viv) =X —LZ 5 s RR S L. iBlot®2 Gel
Transfer Device ¥ —F7 vivy—H A5 7 oI XKEH) BL
N iBlot®2 PVDF Mini Stacks ' —E€7 vy yv—H% A7 7 w7k
XEM) ZHWCTHRITZILVTIRFNVICE ENbHHX /N E % PVDF &
~fg L7, 8z % OE%AZ, 10 ml ® Blocking One 7747 A7k K
S fh) TR Lo WL 4°C. 3 B[l ) L2 | 0.1% @ Tween 20
[polyoxyethylene(20)Sorbitan Monolaurate, 71747 A7 ¥k & 1 )
% Tr TBS-T Buffer EzTBS., 7h—# A& 4h) THELEZ, 4 T
Ny —A B ET v oMK A S ) THR O O1:500) Le— K
Pt & [ 211-MGRRAEALESYRNL-224 (ActlI-ORF4) . %% ¥ 1% &S.
coelicolor AB))ICBIFTL7I BEEOMNEZRTIICHEEZRL, — K
PUIR BOIS 24T o7z 4°C, — W) o — KUK SIS % . TBS-T Buffer T
PVDF EzHEHEL. 4 =¥ —B & L7 v FkMEgk s
) THA R 1:20000) L7zt v HIIKIZ PVDF 2R L, R HLIE KX
J& IR .1 M) {7 o7-, TBS-T Buffer T PVDF EZ¥E# L. ECL
Prime GE ~1VAF T AFH AL A)ZHWWTHEF R N ICKHPHEH WX
YONTE O AT o712, b 61X ImageQuant LAS 500 GE ~/L &
g7 ATV ATUR) TR LT,
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3. Wk
3-1 8. coelicolor A32Q)IZBIFHTI RSV UL AW E & &£
ERXFEETIEROREN

rrnA-23S rRNA-A2302T & % & nsdd T680G R OHE M COMHE %
I ARDTD S, coelicolor ABRQYDOBKIZENENOE B 2B 5 1 & #
WX E ALLEE K ZH WT, BFEMMT 217 o72, rrnd-23S rRNA-
A2302T ZREHKEZ WLEZEZA FIAEWEIELEEE OB K LS
EEMEOEKMPFEBREO ETREGINZ, 200 FEEEKONKR
# LT SUIC-15 rrnd+1) &m A EK DR F ELL T SUIC-16 rrnd+6)
% UL [ iR AT Ik LTz,

TYRRT AT UM

S. coelicolor A3(2) DRBLER 1147, H R IRZE B EK SCE234, nsdd &
FE WK SUIC-14, rrnd 2 R E#H K SUIC-15 BE O SUIC-16 (T
THTYAT~ AL D MIC % Table 2-11 3L Fig. 2-3 O LHIZ EL
7o, YRR AT O MIC I WTIL, SUIC-14 3B FE E Th o723,
rrnd-23S rRNA 2 % ¥k SCE234, SUIC-15, SUIC-16) I38 & D 16 %
ThoT=,

Table 2-11. Resistance levels of

various mutants of S. coelicolor A3(2)

Strain Mutation on the Resistance level

(Relevant genotype) nsdA 23S rRNA (ug/ml) to Ery ®
1147 (Parent) ND ND 25
SCE234 (rrnAd nsdA) T680G rrmA-A2302T 400
SUIC-14 (nsdA) T680G ND 25
SUIC-15 (rrnd+1) ND rrnA-A2302T 400
SUIC-16 (rrnA+6) ND rrnA-A2302T 400

 Determined after incubation on agar medium at 30°C for 7 days.
Abbreviations: Ery, erythromycin ; ND, Not determined.
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Erythromycin (pug/ml)

Strains

0 12.5 25 50 100 200 400

1147
(Parent)

SCE234
(nsdA rrnA)

SUIC-14
(nsdA)

SUIC-15
(rrnA+1)

SUIC-16
(rPnA+6)

Fig. 2-3. Erythromycin resistance in S. coelicolor A3(2) strains
Strains were inoculated onto GYM agar medium and incubated at 30°C for 7 days.
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MEYME EE

VAR AV OREM E R OB KA LT, LAY E L E
PE 298 R B 8 SR IR 85 B I CTREA L 7=,

EREROME . GYM, MR5, BL WY R4 EREEH OV NIZHBWNT
t, SCE234 L SUIC-16 NE A AEME T /F v—Vra2mEETLHD
EMNHEIB L7 Fig. 2-4) , SUIC-14 1358 727 27F v—vr & Akl %
LT, SUIC-15 Tldm A FEAAR DR OLNRN T,

1147 SCE234 SUIC-14 SUIC-15 SUIC-16
(Parent) (rrnA nsdA) (nsdA) (rrnA+1) (rrnA+6)

Fig. 2-4. Actinorhodin production by S. coelicolor A3(2)

Strains were inoculated onto GYM, MRS, or R4 agar medium and incubated at
30°C for 7 days.
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RAKE: % OfEH . SCE234 IZBWT,. 77F u—yr bRt mE

DT vNTRY FAVCOBIRREEE ThERBEKO 23 FBLT
50 2D pEE) NB OB Fig. 2-5), SUIC-14 X, 7/7F v—v
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Fig. 2-5. Effects of the rrn4-23S rRNA-A2302T mutation
and the nsdA4 T680G mutation on antibiotic production
Strains were inoculated into YEME liquid medium and incubated
at 30°C for 7 days with shaking at 200 rpm.
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Table 2-12. Summary of mutations in 23S rRNA mutants of S. coelicolor A3(2)

Strain Gene Gene Product Position Reference Alteration Mutation
Classification
SUIC-15  SC06274 Secondary Type I polyketide synthase 6909223 T A Transversion
metabolism
rrnA Translation 23S rRNA (ribosome) 4534755 A T Transversion
SUIC-16 SCO1695 Others Hypothetical protein 1817235 T C
8§C0O3231 Secondary CDA peptide synthase II 3569065 G A Transition
metabolism
SC05282  Others Two-component system 5754763- GC AA Transition &
sensor kinase 5754764 Transversion
§C06274  Secondary Type I polyketide synthase 6909223 T A Transversion
metabolism
§CO6683  Transporter ABC transporter 7423299 C A Transversion
SC0O6700  Others Protocatechuate 3 ,4- 7452468 G C Transversion
dioxygenase beta subunit
rrnA Transcription 23S rRNA (ribosome) 4534755 A T Transversion
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Table 2-13. Resistance levels of various mutants of S. lividans 66

Strain Mutation on the Resistance level

(Relevant genotype) nsdA 23S rRNA (ug/ml) to Ery ®
1326 (Parent) ND ND 25
SLE259 (rrnC) ND rrnC-A2281G >400
SUIC-17 (rrnC) ND rrmC-A2281G >400

 Determined after incubation on agar medium at 30°C for 7 days.
Abbreviations: Ery, erythromycin ; ND, Not determined.
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Fig. 2-6. Erythromycin resistance in S. lividans 66 strains
Strains were inoculated onto GYM agar medium and incubated at 30 C for

7 days.
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Fig. 2-7. Actinorhodin production by S.lividans 66
Strains were inoculated onto GYM, MRS, or R4 agar medium
incubated at 30 C for 7 days.
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Fig. 2-8. Effects of the rrnC-23S rRNA-A2281G mutation on antibiotic production
Strains were inoculated into R4 liquid medium and incubated at 30°C for 7 days with shaking
at 200 rpm.
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Fig. 2-9. Graphical representation of frequencies of RIF" mutants
generated in S. coelicolor A3(2) strains. Spores and hyphal
fragments of S. coelicolor A3(2) strains were spread onto GYM agar
medium containing 200 pg/ml rifampicin, which corresponds to an
amount exceeding the MIC by 8-fold. After 7 days of incubation at
30°C, colonies that formed on the agar medium were transferred onto
GYM agar medium containing rifampicin at a concentration of 8x
MIC. Colonies that grew well on the rifampicin-containing agar plate
were counted, and the number was used to calculate the frequency of
RIF" mutants, i.e., the number of spontaneous RIF" mutants divided by
the total number of CFU in the spores or hyphal fragments used. All
of the trials in the experiment were independent (n=10). Each plot
represents the frequencies of RIF' mutants generated in each
experiment. The values on the graph indicate the median value for
frequencies of RIF" mutants.
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Fig. 2-10. The number of RIF" mutants generated in S. /ividans 66 strains

Spores and hyphal fragments (5 x 10® CFU each) of strains 1326 (Parent) and SUIC-17
(rrnC) were spread on to GYM agar medium containing 200 pg/ml rifampicin, which
corresponds to an amount exceeding the MIC by 4-fold. After 7 days of incubation at
30 °C, colonies that formed on the agar medium were transferred onto GYM agar medium
containing rifampicin at a concentration of 4 x MIC. Colonies that grew well on the
rifampicin-containing agar plate were counted. The value denotes the total number of
RIF" mutants obtained from five independent experiments. Graph bars show the numbers
of RIF" mutants corresponding to the blue-pigmented antibiotic actinorhodin (ACT)-non-
overproducing strains (open bars) and ACT-overproducing strains (closed bars).
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Fig. 2-11. Graphical representation of frequencies of drug-resistant mutants
generated in S. lividans 66 strains

The number of antibiotic-resistant mutants generated in S. /ividans 66 strains. Spores and
hyphal fragments (5 x 10® CFU each) of strains 1326 (Parent) and SUIC-17 (rrnC) were
spread on to GYM agar medium containing 10 pg/ml thiostrepton (TSP), 20 pg/ml
streptomycin (SM), and 25 pg/ml ofloxacin (OF), which corresponds to an amount
exceeding the MIC by 5-fold, 10-fold, and 5-fold, respectively. After 7 days of incubation
at 30°C, colonies that formed on the agar medium were transferred onto GYM agar medium
containing the antibiotics at a concentration of 5-10x MIC. Colonies that grew well on the
antibiotic-containing agar plate were counted. The value denotes the total number of
antibiotic-resistant mutants obtained from three independent experiments. Graph bars show
the numbers of drug-resistant mutants obtained from strains 1326 (Parent) (open bars) and
from strains SUIC-17 (rrnC) (closed bars).
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Fig. 2-12. The class and number of rpoB mutants generated in S. lividans 66 strains

Spontaneous RIF" mutants obtained from strains 1326 (Parent) and SUIC-17 (rrnC) as described in this figure. were subjected to
mutation analysis of the »poB gene. The value denotes the total number of 7poB mutants obtained. Graph bars show the numbers of
rpoB mutants obtained from strains 1326 (Parent) (open bars) and from strains SUIC-17 (rrnC) (closed bars)

Abbreviations: ND, Not determined.
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Fig. 2-13. Effects of the rpoB H437D mutation on actinorhodin production by S.
lividans strains 1326 (Parent) and SUIC-17 (rrnC)

The rpoB H437D mutant strains were inoculated onto MRS agar medium and incubated at
30 °C for 7 days. (A) Colony morphology and actinorhodin production. (B) Transcriptional
analysis of the genes encoding the ActlI-ORF4 by semi-quantitative RT-PCR. RNA was
extracted from cells grown for 60 h on MRS agar plate. Expression of the gene encoding
sigma factor HrdB was taken as an internal control. (C) Expression analysis of the Actll-
ORF4 protein by western blotting. Total cell proteins were prepared from cells grown for
96 h on MRS agar plate.
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Fig. 2-14. Effects of rrnC-23S rRNA-A2281G mutation on antibiotic production
in rpoB H437D mutant strain. Strains were inoculated onto MRS agar medium
incubated at 30°C for 7 days.

50



S.lividans 66 LV L7V 7 7B Uit 28 BEE H Rk H Sk 96 Bk .
SUIC-17 HH 2K 192 #k) D rpoB E R BLORT7F v—Y U AEFEIZ T
Table 2-14 BLW 2-15 12 F LD 7=,

Table 2-14A. Characteristics of rifampicin-resistant mutants isolated
from S. lividans 66 1326

ACT production®

. Position of Amino acid
Strains o (1326 : +)
mutation in rpoB exchange
GYM MRS

301 T1297C S433P +

302 C1309G H437D +

303 C1318T R440C +

304 N.D. N.D. + ++
305 GI1319A R440H +

306 C1318T R440C +

307 C1318T R440C ++ ++
308 C1318T R440C +
310 G1279A D427N +
311 CI1318T R440C +
312 T1246C F416L +
313 C1298T S433L ++ +
314 C1281G D427E + +
315 Al1271G Q424R + +
316 T1246C F416L + +
317 C1281G D427E + +
318 C1281G D427E + +
319 G1279A D427N + +
320 N.D. N.D. + +
321 C1309T H437Y + +
322 T1246C F416L + +
323 A1310G H437R + +
324 N.D. N.D. + +
325 GI1279A D427N + +
326 CI1318T R440C + +
327 CI311A H437Q + +
328 CI1318T R440C + +
329 CI1318T R440C + +
330 C1318T R440C + +

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

ACT production®

Strains Po.sitio.n of Amino acid (1326 : +)
mutation in rpoB exchange
GYM MRS5
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 Al1271C Q424P + +
364 A1271C Q424P + +
365 N.D. N.D. + +
366 T1246C F416L + +
367 G1279A D427N + +
368 C1424T P475L + +
369 CI1309A H437N + +
370 A1285G N429D + +

Abbreviations: ACT, Actinorhodin ; N.D., Not determined.
2 Determined after 7 days of cultivation on MRS 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

ACT production®

Strains Po.sitio.n of Amino acid (1326 : +)
mutation in rpoB exchange
GYM MRS5
371 A1285G N429D + +
372 A1271G Q424R + +
373 A1285G N429D + +
374 N.D. N.D. + +
375 A1285G N429D + +
376 A1285G N429D + +
377 Cl1424A P475H + +
378 C1281G D427E + +
379 Al1310C H437P + ++
380 T1246C F416L +
381 A1285G N429D +
382 A1285G N429D +
383 Al1310C 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 CI1309A 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.
2 Determined after 7 days of cultivation on MRS 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

" ACT production®
Position of

Strains L Amino acid exchange (SUIC-17 : %)
mutation in rpoB
GYM MRS

501 A1285G N429D + +
502 T1246C F416L + +
503 A1310G H437R + +
504 CI318A R440S + +
505 CI1318T R440C + +
506 C1424T P475L + +
507 N.D. N.D. + ++
508 N.D. N.D. + ++
509 T1246C F416L + +
510 N.D. N.D. + ++
511 CI1318T 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 CI1311G H437Q + +
522 CI1318T R440C + +
523 N.D. N.D. + ++
524 AT1276-7CC M426P + +
525 T1246C F416L +

526 CI1260A S420R +

527 CI1318T R440C +

528 C1309G H437D + ++
529 A1280G D427G +

530 A1280G D427G +

Abbreviations: ACT, Actinorhodin ; N.D., Not determined.
2 Determined after 7 days of cultivation on MRS 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

" ACT production®
Position of

Strains L Amino acid exchange (SUIC-17 : %)
mutation in rpoB
GYM MRS
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 CI1311G 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.
2 Determined after 7 days of cultivation on MRS 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

" ACT production®
. Position of . .
Strains Amino acid exchange (SUIC-17 : %)

mutation in rpoB

GYM MRS5S
571 T1246C F416L + +
572 A1285G N429D + +
573 G1319C R440P + +
574 G1319C R440P + +
575 T1246A F4161 + +
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.
2 Determined after 7 days of cultivation on MRS 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

ACT production®

Strain Position of
L Amino acid exchange (SUIC-17 : %)
S mutation in rpoB
GYM MRS

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 CI1318T R440C + +
621 G1319A R440H + +
622 A1324T N442Y + +
623 T1267C S423P + +
624 A1324T N442Y + +
625 G1278T M4261 + -
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 CI1318T R440C + -
635 A1280G D427G +

636 C1281G D427E +

637 G1278T M4261 + -
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 CI1318T R440C + +

Abbreviations: ACT, Actinorhodin ; N.D., Not determined.
2 Determined after 7 days of cultivation on MRS 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

" ACT production®
Position of

Strains o Amino acid exchange (SUIC-17 : %)
mutation in rpoB
GYM MRS

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 M4261 + -
660 N.D. N.D. +

661 CI1318T R440C +

662 G1278T M4261 + -
663 CI1318T 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.
2 Determined after 7 days of cultivation on MRS 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

ACT production®
Strains Position of Amino acid (SUIC-17 : +)
mutation in rpoB exchange
GYM MR35

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.
2 Determined after 7 days of cultivation on MRS agar medium.
-, no production; =, little; +, moderate; ++, abundant.
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3-4 8. lividans 66 H1 3k 23S rRNA £ B ¥R D&z 2 B R T

S. lividans 66 ¢ 23S rRNA Z& £k SLE259 BL U SUIC-17 7

fEATICED, A E SN B % Table 2-16 (R Liz, 2B, #Eix 7 &
WICEVE AL OO, 7 TSIV E B LU THl i S
>72 rrnC-23S TRNA-A2281G 2 B¢ Table 2-16 12/ 2.7,

SLE259 /&, 23S rRNA Z R Ot |2, IFa—FHBOR K ERZAH LT
Wiz, =D —J5 T, SUIC-17 I 23S rRNA Z B2z T, SLI 2837 #t
E DNA fEA XL /\J8 ) SLI 6774 e RmMZ L RIE)  SLI 7183

A Vh—=NE %R ATP A X "7 )  BLOIEa—FHEIEICBITS
HMAZREZAE LTV,

Table 2-16. Summary of mutations in 23S rRNA mutants of S. lividans 66

Strain Gene Gene Product Position Reference Alteration Mutation
Classification

SLE259 - Others - 863175- AGCACC - Deletion
863180
rrnC Translation 23S rRNA (ribosome) A G Transition
suIC-17 - Others - 64757- - G Insertion
64758
SLI 2837 Replication Putative DNA-binding protein 2913212 G A Transition
or
Transcription
SLI 6774  Others Hypothetical protein 7116439 G C Transversion
SLI 7183  Transport Inositol transport system ATP- 7573983 C A Transversion

binding protein
rrnC Transcription 23S rRNA (ribosome) A G Transition
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4. B

FEATWFIEIT LY, Streptomyces J& FU# B 123 W T, 23S rRNA £ 73

R R MR R AR THIEN RS 808 Zoom AL &
ARBETIZ. MMAEME S EE VAR AT UM M B LA

o7z 23S rRNA KB OREMAT 217 0, R Z B O AW E & & E

bt~ 525032228 L,

S. coelicolor A3(2) IZ8B1F5 23S rRNA B R L nsdd B R O
nsdA 2 F & # Bk SUIC-14 A3, SCE234 O XH7p xR~ AT Uitk &
RERDPOTZEND  nsdd B RITVAn~v AT UM E R ClInrnié
D STz, PLAEME A PEMEICE LT, SUIC-14 X8O 1.6 D775

n—Y VR AEEERLIELODO, SCE234 LAV DOAFEIZITE LR -
TeZEMB, M O nsdd 2 BIIT IRV VOH AW E & A EALEH
XH2b00  BIN LA E & EEAZEZTIEEOLO T RN E
M BMMEleolo, nsdd BAs 7%, BOBR B ICA < L.+ T8 5ot
AYEAEFACHEA TR FLLTHALNATEY, A #E R %
Streptomyces J& XA T E T2 AWM E oS A EANEZSZL
M E S TWD 2704 “h b 5 & SUIC-14 23HELEE OB 72 E o Bt
EWMEmEEAAEZRLIEILEE B T 58 nsdd 28 513, NsdA #2377
BOWREEZIK TIEL2ER THLIERHELZ ST,

H %R 22 SR & B Rk SCE234 & rrnd-23S rRNA 2 %38 A fk SUIC-15 B
LY SUIC-16 VA~ AT UM ZR LIZZED D, rrnd-23S rRNA-
A2302T ZR T, 2V Au~v AV UM ER THLIEDRH OMNERSTZ, T

DOFE R IL, KB E Eschericia coli @ 23S rRNA E s D 2058 F H @
e [S. coelicolor A3(2)D rrnd-23S rRNA @ 2302 & H O £ A)
RIS T2 E] ICBTARERN, mVRa~v A Uit a5 3 5L
WO EIZ T DHDOTHD 63,

7o AT ORE RS, HLE WY E IE S A PE K SUIC-15 13 rrnd-23S
rRNA Z R L1 OREE HUAWHESEEK SUIC-16 1E rrnd-23S
rRNA ZHR L6 OREERZAETLIIENHBALEL, ZhbiTz, ik
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W) & v A PERR SCE234 1%, rrnd-23S rRNA Z R L nsdd BEREHLT
Wiz, T®D rrnd-23S tRNA R R KR ICBEWT  HEOEREZH T52L,
MATENLE RO SLHEENLR D22/ ML, UL EXY, rrnd-
23S rRNA Z R Fh 0 ZF R LI FLILxZ, ZOMA TIRE THAEY
BIEEEMEDE EEMENS EHIENRBEINT,

S. lividans 66 123175 23S rRNA £ B O R

rrnC-23S rRNA 72 B & bk SUIC-17 D% M fi# 5, rrnC-238
rRNA Z B3, S. coelicolor A3(2) @ rrnAd-23S rRNA Z& % L[6] ££ (1
VARV AV UM MEE R THHZENH B L, rrnC-23S rRNA 28 % Bk
D AW TIX. S. coelicolor A3(2)D rrnA-23S rRNA & E kD
IR DEOICH AN E A EDORBLPNER 2 12052 8137<, —HLT
TLAEME I EEKRDPHBL L 0L Zofs Ri1X. S. lividans 66 |23
WT,rrnC-23STRNA ZE R (X W CHAEME R EELELTELTHO
TIERWZEE R LI, L EDZEDD, SLE259 TR OLNATIAYE
D@ A PEIX, rrnC-23S IRNA & B L] O BN fFF 5281280,
ETWDLIENE 2bNT-,

23S rRNA B R R S. coelicolor A3(2) & S. lividans 66 D& o B K¢
HichE 288

TP rrnd-23S rRNA & B SCE234, SUIC-15, 53X SUIC-16)
2. rrnA-23S rRNA BRSO 0% B DL CIEA e £ B ER )
1 LM EALTHEZENS, 23S rRNA Z8 B SAF A 28 B 42 % F &
BRI LTDENIRH A T, TORMERGET58 — BB EILT,
FHRMEZRKOHE ELOHBEREREELL, Bix 09 R %I &
% 23S tRNA Z R OE B 2 ik L,
S. coelicolor A3(2) IZBITAV 77 B it 2 Bk o B B ix,
1.1x103~3.6x10% @ E Tholz, WK TOA EZ TR OO
St DO, 10 [\l o B o F Rl %o I2FF il 9% &, SUIC-
15(rrnA+1) IZBTFDV 77 iEERKOH T EiX . thoH
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BRAZH R TE <72V nsdd4 22 % %38 AN L7z SUIC-14 (3K <72 58 [\ 23 7,
b=, ZoZtEHsEz25L. SCE234 (rrnd nsdA) @ JE H SUIC-15 (2
e AMELRDDIE nsdd BZROF XD THLIIERE 2bNT,
%2 T, SUIC-16% SUIC-15 (2t X T R EE OB K<, SUIC-
16 A % sc06274 YA DA INEYZE 5 SUIC-15 % sco6274 DI 5t %
BIT20) X V7708 M EE RO B LT nsdd R L&
A EE D& R Ak ZenHELEINT, ANV RIEEL T, SCE234,
SUIC-14, SUIC-16 ([ZB TV 77 v Mmt 2 Bk o H B EIiTH
BE & SUIC-15 IZlERT, 7 —H#DIEL ERN/NE, Z0Z8EFENRDL 3 H
PRDSH R ° SUIC-15 IZHRTEVEBEWIC ETHLHZLEZRER T
OMmbLivZewn, L EDZEXY, nsdd & B L SUIC-16 BH T8 %o —
X, S. coelicolor A3(2) IZBWTiEMH TEILEHEZHR 57 68 #
MR INTZ, Z2NHDOZ % SCE234 I2Y CliEdbdELS. coelicolor
AZQ)DBLE D=V A~ A UM E 24T 5325 rrnd-23S tRNA 2 H %
IHNICEVEBEBEICA  EILEIET, nsdd BRPHAL, &
A EPMEIN.MEDEOSEAEAABE TSRS
ENE BTz,
S. lividans 66 ZH WM Tl LR O FH “23S rRNA £ B |23
B A TEAERIBD YV EAR—PLODZERBER NGO,
rrnC-23S rRNA-A2281G £ R Z k1 95 SUIC-17 22 iE B AR IZH ~
TR0 ZLDV 77 B M2 R ERG S, /F R R R
HDER 2 RPLAEWE & A WIEERIZh  rrnC-23S rRNA A BB SUIC-17)
THEAM ML BREOHBL ENERDLTEMNG, 23S rRNA £ & (2L

LEMEHA EALIEZ T KOBE T CTLLEZIDBH G THDLHZ L
DR TR ME ST,

ZAVET.23SIRNAZ R ICHEEW A EIEHRIHLENIHE LR
W, ZTOBRIT REBEBIRY— BITDOREBNE R OR A TR

THERZDE. I TAEWFICHLEKRE W L ES 25, Bl A
EMHEOBEEVIT., —FICER T —0 Il DNA BEKEOK FTIck
DEBNBELTLIRDIIEN, RERFERLELTH LI TS 67.68
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rrnA-23S rRNA-A2302T BL O rrnC-23S rRNA-A2281G % & 13, UR
V— IZBWTH EXTFRNED NPET X7 FREEH M 3L) O R
WAL TOER THD, TDed, BRBMYRY — ZEHR L 23S rRNA
ZEeVARY — ) TIZONPET OB KRALFRMEE NELTH2L08E
ZHI, TR FREINDE RIE DONE = PNEALTHIEHBEE S
o, ZOZ A IL, DNA H# X DNA [EHEICB 2% B0 FRE)
BICHLEBETLIARERNDY, ZCoER-EH FoOoEX R HRT
— DML DNAEBEHREOKR TE2LEOL BEREZEAELLTLTLHA
MRS D, THOL-AEER s, BRBMIUKRY— o FRI%GE
fE BT =0, 23S rRNA R ICBTL27 w74 — L. 5% 0E ER
MMELE 2D,

Bmoni)7rre v st E BERO R 2 L72&Z A, SUIC-
17 13, BT, 727F v—Vr@EAEEKOH I EN 4.5 F5
Mmolz, ZTOZEMNBE, 23S rRNA &2 BIZIIfT M ZE R LLFFTLH2LT,
MAEDE®EENAZEZLLISKTOENBHLIER RSN, &6
IZ. SUIC-17 @ rpoB A H O Vx—vaid, BIKEREIIBRDIED
FIHL, 2O R 2258 23S rRNA ZRPEROFE LI E L5 2 TWD
ZEMIMIN AT,

BEHEKED rpoB ERET VT v—V U EEMEEROLE H Tkt
ZA.rpoB H437D ZH C1309G & %) NBLBRIE W R 2R Lz, B
APOHBILE 1 BRIZT27F B—VrEAEAEERIRNLOD,
SUIC-17 XVE A L= 22 kDo 20 k037 27F v—yr @A EANER
L7, £72. rpoB H437D ZE H X, 2N £ T S. coelicolor A3(2)% S.
lividans 66 TIXHR E SN TWRWEH H L R THLHIZH ) & | SUIC-
17 06 22 B Bl L7a 2 SV Bl B 3 Ff 7o du 7z 48:49.09.70 = O Bl S (ot 7
%% 2L CIL, rpoB H437D & .13, 23S rRNA £ B 237 THLXIC
HELL I AZEROMM Y R2LOTHIIERNE 26N5, Thiad| &
BT A= ®— (2. 8. lividans 66 [ZE W THIM DO rpoB
H437D Z R IZFMIL LR THLHD, @ EOME TIIH B Lerro72d
DO, 23S rRNA ZRICIVEIEEM T HINTERKRLLTHE
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TELIDE o WVIHITELE 21D, W ALIZH X, 23S rRNA £ R
WA THZET HAKRTIIHBALICKWERRZEEL LAEME S
ETFEALETHEDRE ZAZEITIMO THEH R FEWI R ThDH, S. coelicolor
A3(2)E S. lividans 66 LLA D FL#E B IZF W T, RpoB # /X7 D 437
ZTHO AFVrO7 BEHBRIT.BUAEDE G EELZEIL A RHHT
EMELH BN TUNG 48496970 - = = L, S, lividans 66 @ rpoB
H437D Z RICH B CIEMAEME R EEICELRVEOD | K55 72
mAEEAIERIEISLLOLE T TX, rpoB H437D & %1% 23S rRNA &
BT HZLICEY ., actll-orf4 DB FERFEREMZBEL. iAEWME
mAEFELICE s HE Il SNz,

Streptomyces lividans 66 H ¥ 23S rRNA £ Z % D& Iz F 0 H7

ZHETOD 23S rRNA Z R OF AT Ofs R 2B £2 5L, SLE259 T
%, rrnC-23S tRNA Z R L 60 MK E BN FESL28 T, ik
MERmAEENEZITWDHIEN R INTZ, £Z T, S. lividans 66 JOI
L7 23S IRNA ZRKOT T Z21T 7225 SLE259 1d 1
SUIC-17 124 OfIMMERZAE TL5ZE0H AL,

SLE259 (247 L7cEa— R BIZ 8%, S. lividans 66 OHL AW H &
PFEWCRYT ThgBrh 25 R rblnin, — TR Y i bt
T polzvavh vy —7 v AT, v /v Far’—E& Iz rRNA &z 1
RE)VICBILERRSYT  OFwR ROKLICBILZEMRFOBEC
%%th‘?fbéﬁ: DNA O WRALZRE) O HIE L\, SLE259 Tix, AW

TIEFENPOC LR B WA EYDE & AENLICTE 5
THARRMELE 2T,

SLE259 XU SUIC-17 EHICHEDERZALTEY, 2OZENnDY
rrnC-23S rRNA Z R, BEEOA  EEHARSLIIEN R IN
72 — J7 T.SUIC-17 TIX. S. coelicolor A3(2)D#E RITH ~T, kb K
SRBEA EERRB DL, UL, SUIC-17 O# & DNA i &
BN E BRI EOR B B3 23S rRNA B R L AL XbH2E
TELRHIPEBEBLEHA EMEZEZLELTIELE 2N,
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Ey.5)

DL EofE R, mVRa~A UMt %2 5 35 23S rRNA £ 2 (X, H
RPEIREROBEICEEEE 2 HKARM MO EREROREEZLTZLT
A HREMEZE TZICR H UL7-, 23S rRNA 2 B XIZFNOAT AL B Lo 2

AN

& ERET. MAEVESAEEAZSISEITIELH oL 0
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BIE ATuxP I UMEER
1. &
FERNM P REE T, G REBRDIEKRZIER S A TEEL. o0
it REOPNOEMORBMEZE TO2EHKERE TLOLFIETH
Do ZOFEZMNG M E ORRDL FRARMAED O WE O
MLl A &R TE 7, IR @ 2B 23K A M ik ok 0] o ® s
LT, 1976 12 Vezina (%, A # & Streptomyces kitasatoensis £V, =
AT el EERKRERG T2, A ERROT —
N oy 7H M OMERZIAG L, [ EKOXZ~ A2 4 pE & N
THZEEH LU 04, CRETICHR RTELYRY — T %y, K
MR 38 4 B A W Bl Th D,
B E D REEMELEAN T~ AT UM R B 2R ST
EVRY— FURIJESI2EBRBKBPEOND, ZOE R IT, HBREOE
BHRMICETL R OB A2 T N— ORBERE %
LT IRk DR AL ST 207 F e R A DR
EEMLLEVZ 7BV~ E R K ER G TH2LT, e
RNA RIAT—¥ Y7 2=y RBRRERGTLILNTEL, 20X R
IX. RNA RIAT =BT et —F—RRENELTIHIEICEY, &7~
A B TFORBHEMEZLLLTIENMBILTND 3O,
IZETEELEDDE B E LTIy s HEA. AR E A~
Mt Z2R T ERKZRG T2 AEO _KRAR#R MHibTr2L00
% Fig. 3-1) ., D —J T, DNA B A F T2 EME 2R ML
AN R E T, HRBREICBOLTHESR TR W, AT, 6 2 &=
TIL, 23S rRNA ZEPNEZHEORAICEELRITL, N0 E EL4A
TN ZRANEIC B2 T 2eh o TE 66, C
Z&lE. 23S rRNA ZHE|ZJ) DNA HRAEEL - B Shiei 252 &
HTED,
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RNA Protein
RNAP Ribosome . .
Biosynthetic pathways
4 A B ®C ®D
< Lx—
Rifampicin Streptomycin Erythromycin Analog

resistance resistance resistance resistance

o Enhanced Induction of
promoter translational an additional ::“‘“’;’Fk
selectivity activity mutation isruption

Secondary metabolite production 4

Fig. 3-1. Screening of drug-resistant mutants for increased secondary
metabolite production

O O
F
| OH
(\N N
/N\) O\/L'ﬂ
Fig. 3-2. The chemical structure of ofloxacin

ZI T, AETIE, DNA ERZEN LT 250 AW E I 2R 34 &
BREmWAR 2281k, B E O’ M RARBD M TED0 %
AEL7c, RBMEREA CHLT7 LAY rURAEMEOF 7R
P Fig. 3-2) MM E2 R T EEKOFEEE 2T LA X
Tad OB ER LA FRUE IR, BB E o Z R AR

PEALICA 2 THY, 2R ETOR A M 2 K IE TERB OOV %
ATHIELWbMNERST,
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2. ERM B BLIUOERGE

2-1 EHEK

AW FE TIE ., Table 3-1 28 T M E 26 H L7z, Streptomyces
coelicolor A3(2) 1147 ¥k B LW Streptomyces lividans 66 1326 £ 1%,
MOSEAT BLIE RE-EMEXELN SAOEEE B4 SUTIET
Bd AFT7 vl —MRERAEDEERT =y Ny EINT,

Table 3-1. Streptomyces strains used in this study

Strain Relevant characteristics Source and/or References
Streptomyces coelicolor A3(2) Prototrophic wild-type 2
1147 (SCP17, SCP2™)
Streptomyces lividans 1326 Prototrophic wild-type 2

(SLP2*, SLP3")
Streptomyces vietnamensis Prototrophic wild-type NBRC strain?
NBRC 104153
Streptomyces griseus IFO 13350 Prototrophic wild-type NBRC strain?
Streptomyces sp. Y-4 Prototrophic wild-type LC650963°

 Obtained from the NBRC culture collection (NITE Biological Resource Center Japan).
5 Partial 16S rDNA sequence data are available in the DDBJ Sequenced Read Archive under

accession numbers indicated.

2-2 Bk
B, 8B 2 32 22 120 -7-,

2-3 HBBEOKSE
R E O RIT.E 2 2 2-3 12/ o7,

2-4 RTFBEBROFR
o B O BT 2 W 2-4 IS~ T,

2-5 H/ANAEFHRIEBEDO E
K/ANEBFBHIEREDO EiX.5H 2 2 2-5120-77,
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2-6 F7uXxPUiMttEERBKEORSE

52 > T L 7B %k E MIC O S [FREOF 70
XV hEEG T GYM #E REEMIcEFEL, 7-14 BaEL-, BB LA
Maoo=—Zhb, — B SCA7ax o UK FEEKRZRLSTZD

MARERELZL T O@ICIT o7, MEar=—% MIC ® 2 iR EDOF 7
BX Y UoeEm e GYM R HICHEMAL.3-5 FELEL, ZHhICXY
M PE DB OONTEHKIL, A7 rz28 £ GYM #E R T
3.5 HEELEZ, INLEMKESSLICMIC © 2 FREOA VxS %
G GYM 2 KB M ICHER L, 3-5 HETIZLT.AFLIROLNE
bOxFT7ux MR RKREL TG LT,

-7 EBREAEEREBICEFTOHE
WIBMEABEEONTEIX.FH 2= 2-6 It 7L, AR O IX
105°C. 2 sl oea et . o7 —4—T 1 R OBEG EiT78-7-,

2-8 HLAEMHELEEOFAM

TIF a—VrBIOvrTFuTaY FAUUOREMIE, E 2 F 2-7
WZHE >z, M AT, S. vietnamensis ODEE 72 ~IRHMEYD THL B
MAEME 77Tk, AAEOEEZHRRTIITH E L,

i A B

REHEBRBROH M

Staphylococcus aureus 209P72 33X\ Echelicia coli W311073 % LB %£
REEM (FHT7A4T A7 A& 20m] HEH#/ 9em v —L T AU
At JICHEML.37°C T 1 HBELE 7b—F 1 ooz
& HTRERY.,20% v/iv) ZVta— LiRiRICHEE LT, -80°C £/
-20°C THRAF LT,

BESL—hDER
1/2 Meuller Hinton %8 K i #1 19g/L., 121°C, 15 min JI £ & &

BB
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W EEBRBEIELY 1X107 CFU/ml ERAL50 2L, BN A L
7o ZhE 2 Ay —L R EF/KANS ) I 20ml It LA
MEYEHREH 7L —hLT,

TH—E—REICLDHLE W E £ EEOFAR

HMEOEREEWMEZ, Abu— ¢ 8§ mm) TV E, 7H—t"— A%
ERL . BMESr—bEICEELE,37°C T 1 ArFaX—hL,HH
W & A E M AR Al L7,

2-9 R
BREEWHOOR B
B2E 23 THEBELEMBREOEXR T — HH#h 25 ml) IZFF
B 50 ml) DA% — &M Z 3 FFRAESHICIRE O Lz, R &5 Hh
MiRIZ, BEOAY — A THWIRARDBLAE THZLICIVE KR BIY
BHMO R EZRELL ORI, ®E o Ar—F—2H T,
Ex ERE L, IS, BE LW A, A R R E TR
K &5 ISR E S, BE L2 7 iE, 50% A% — b LI
MK 0.1% BMEEL)ICEMLE BWMREZVI Y7 v¥— 0.2
um, Sartorius-Stedim Biotech, RC4) TA L7zt D& 43 Hral B &L
Bt 250 ul AH X & % HPLC o Ar ik L7z, HPLC 43 #7 1dm & K R 7 o
~ K727 Prominence system. £ 2 & 4k WAEFT) 245 L. Table
3-2 BRO 3-3 IR T &M T o7,
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Table 3-2. HPLC condition for analysis of the culture extracts of S. coelicolor A3(2)

Column TCI Stella PFP
(4.6 x 250 mm; Tokyo Chemical Industry Co. Ltd.)
Solvent A:0.1% formic acid/20% Acetonitrile
B:0.1% formic acid/100% Acetonitrile
Elution 0-10 min 20% B
10-20 min 100% B
Column temperature 35°C
Flow rate 1.0 ml/min
Detection Maxplot (190-800 nm)

Table 3-3. HPLC condition for analysis of the culture extracts of S. lividans 66 and S.

griseus

Column CAPCELL PAK C18 MG II
(4.6 x 250 mm; Shiseido)

Solvent A:0.01% formic acid/20% Acetonitrile
B:0.01% formic acid/100% Acetonitrile

Elution 0-5 min 20% B
5-20 min Linear gradient from 20 to 100% B
20-30 min 100% B

Column temperature 35°C

Flow rate 1.0 ml/min

Detection Maxplot (190-800 nm)

2-10 iIEWEOHM . R | BIUH &

B2 23 It TR E RO R3 B R M 3 Mo TR & 5
FL M 75 ml) B &% . ke FOBEEEREL.E 3 E 2-9
CRIBEDFETAY — Vi L, HPLC ok Bt 24U, B o #t
W B 2 LT, 0 U9 W) B B R IR 2 B I K0 Hz [ LT,
U B 1 ml ABY B A 1 o HPLC 4y BLicffi L, HPLC o #r # o

I%. TCI Stella PFP 10.0X 150 mm, 3} 5{{b ik TE KN 4H) 24 v,
7R 1% 4.0 ml/min & L7,

PLE Y E O SN Gl VNS SR S (- B =B A DR I - QA 7/ = )

EQIVIN Emzﬁ»ﬁﬁkibﬁ PREE RE-RMEXELMN 6
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WEIERERE =S E oA B — A& PEW B oy b = b I

b ickE L, R LY 7L 5.0 mg % 500 pl ®HE DMSO
\Z¥ f# L7=, Bruker Avance800 spectrometer W T, 1 IR T BLO 2
K g6 NMR AT L2 B L7z 74,

2-11 mRNA & /& F ¥ B fE

Eis F R BN IL.F 23 2-10 It o772, 7714~ —1%. Table 3-4 |Z
RLTEb O LT,
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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
sc06262 F GTCGGCGTACGACCTGTTC
sc06262 R GTGTCCATCTCGGCCTCG
sco3207 F GTAGCCGGCGGAGGTG
sco3207 R AGATGAGAAAAGGGGCGAGTG
sc06262 F GGCTCTACGTCCAGTTCGAG
5c06262 R CTCGCGTGCCTCCCG
5c06262 S1 AGAGGACTTCGGGGGAG
5c06262 S2 GCGCGACCGGCTCACCG
5c06262 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
sc03932 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
svinl5985 F GCACGACTCCTGAATCTGCTC
svinl5985 R TGAAGTCGACGTCCATGAGGG
svin27335 F CATGACCTCCATCATCCGCC
svin27335 R ATCCACACACAGCCGAAGTC
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Table 3-4B. Primers used in this study

Primer Oligonucleotide sequence (5’—3")

RT-PCR
mmfR_F ATGACGAGCGCCCAACAAC
mmfR_R CCTTGCTGGGGAAGTGGAAG
mmyB_F CAAAGATTCGACGGTGTGCA
mmyB R GATGACTGCGACTTCCTCAC
mmyR_F CTGAAGAGTTCGCCCTGCA
mmyR_R TGTCGTGCTTCATTTGACGG
crtl F CTCCGTCCGCCGTGATCCTG
crtl R GCGCGAGGACGTAGTGGAGG
sco3206 F GTCTCAAACAGCCGTCAAGG
sco3206 R CAGACCGAGGACGAAGGTG
hrdB-F CGTGTCGGCCAGCACATCC
hrdB-R CTGCTGGTCACCGGCTTCG

2-12 ZREEB LB FORE

EREL O EIE.HE 2 2 2-8 it o7, 7T7A~—1%. Table 3-4
IR LIb oM A L, T AT R E KR O AR DNA &
Ao, KRIRKRFMAM R EFTERIEHRFZREAZ— S. coelicolor
AZQQ)DEAT) B OP=2—m7 RSt S, vietnamensis OfFENT) IZ
ZFE L. Table 3-5 IZ/8 T 5k TR 217 o 72,

Table 3-5. The performance specification of Next-generation sequencing

Strains Sequencer Method Read length Called Bases

S. coelicolor A3(2)
1147 NovaSeq6000  Paired-end 101 bp/read 8.9 Gb
SCO1 NovaSeq6000  Paired-end 101 bp/read 8.7 Gb
SCO3 NovaSeq6000  Paired-end 101 bp/read 6.7 Gb
SCOS5 NovaSeq6000  Paired-end 101 bp/read 7.7 Gb
SCO8 NovaSeq6000  Paired-end 101 bp/read 6.4 Gb

S. vietnamensis
NBRC104153 HiSegX Paired-end 151 bp/read 5.3 Gb
SVO3 HiSeqX Paired-end 151 bp/read 5.1 Gb
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3. MR
3-1 F7nFF I UmEE REORRB

S. coelicolor A3(2). S. lividans 66, S. vietnamensis NBRC 104153,
Streptomyces griseus 1FO 13350, B3 L O Streptomyces sp. Y-4 OBl ¥k
~DFTaFF O MIC [ ZZNZFH.5.5.5.3.10 pg/ml ThHoio

Table 3-6) . R /NEFMHILRE D 5 FREOA T 28 T
GYM % K 5 H11Z, 4.8X10%-4.8X10'° CFU Ofi e MWm R a8 ML, 7-
14 BEELEEZAL.S coelicolor A3(2). S. lividans 66 . S.
vietnamensis NBRC 104153 . S. griseus IFO 13350 ., B8 XL O
Streptomyces sp. Y-4 LOZZE 41, 444,125,189, 186,331 DA 71
XU UM A R AESG O Table 3-7) . MG LEE B4 7aF
P UM IR, B D 2-64 5 L8k x ThHoT- Table 3-6. Fig. 3-3) . S.
coelicolor A32)DF 7 uFxH L M EZE BKIZ, A 7aFh LR LY
wAud nrROREKNTEYWE THLYTrT7axd o r~0 il
LR OO Fig. 3-4) , D — JF T, S. coelicolor A3(2)DA7ux
o UmEEBERIT, R TN NRAYAT—BEENET LTI 7~
RUAEWME AeF o ~OMmHEITR ORI >7 Fig. 3-5)
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Table 3-6. Representative Streptomyces strains used in this study

Strain MIC of OF * Comments Reference or source
(ug/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
SLOS 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 °
SVOl 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 °
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 ©
SOl 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.

 Determined after incubation on GYM agar medium at 30 ° C for 3 days.

® Obtained from the NBRC culture collection (NITE Biological Resource Center Japan).

¢ Partial 16S rDNA sequence data are available in the DDBJ Sequenced Read Archive under
accession numbers indicated.
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Ofloxacin (pg/ml)

Strains
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Fig. 3-3. OF resistance in OF-resistant mutants of S. coelicolor A3(2). Strains (1
x 10° 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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Ciprofloxacin (ng/ml)

Strains
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1147
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Fig. 3-4. Ciprofloxacin resistance in OF-resistant mutants of S. coelicolor A3(2).
Strains (1 x 10> 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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Novobiocin (pg/ml)

Strains

1147 SCO1 SCO2
SCO3 SCO4 SCO5

SCO6 SCO7 SCO8

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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3-2 BELFEHMERAICIZ KRS HioBir
FrzaxH o UomrttEo BAKBREO wAH MHibrxgl &k T
WRRFET A7 Avax o oMt E BREO R EY O L FEE

AR /\\‘7‘:0

S. coelicolor A3(2)
MRS5S # XK ICB TS 7 MEEEBIZIDT7F va—V 0L FEMEZE
FEML7ZEZA, 8.6% DA 7 ux Y i M E B KRS BH R I XTT Y
F v EEmEETLHIEN ] o7 Table 3-7), MG LA T7rX Y
VUMM EREKORBR BT AFEESCR TR REORBLE NSL
e CTholz, ZOZEEEEFZ .S, coelicolor A3(2) WEEG KB %2H
TOM D ZRAAHED DA PELFEAM LTz, TOR R R 2 e R AH
O K OHB NGB DL, EOREKXWRE K % Fig. 3-6 IR LT,
SCOl TIE77F va—YrOEmAEENROLIL, EOEFE & ITH K ICE
NT 105 A Z IS LTV Fig. 3-6A&B L ), SCO2 Tlxwyr
T TaY FVUOEALEENRDOLIL, EOLEBITB KNS 2.4
BAEBEIZHEIIMLTWE Fig. 3-6B ). S. aureus \ZX T 55t H &
R ZAT o722 ZA SCO3 L, h OZE B TITROONR2WHLE Y E O
AFEHEMNE OO Fig. 3-6C) . ZOHE M E OIF & IZm 1) T,
SCO3 DI # L —brDAZ — Vi K 726 HPLC (2 X% B B 217 V.,
VMHPNEYWE 5.0 mg #4372 Fig. 3-7) , ZOH EH ¥ E O NMR & #r %
fTolebZA AFL ~Av > A LRI E SN/ Table 3-8, Fig. 3-7~12) ,
ZORERICT—H LT, SCO3 TIFEAFLV ~AVUAEEKICBITSHIE O]
B As F TdHD mmyB O mRNA L)L TOmE 3 B AL . BILOE Ol il
BAizF THD mmfR & mmyR DOIKF B AL R I Fig. 3-13),
SCO4 HhTiTMlaANIcH Bz NEML T\ Fig. 3-5C) . S.
coelicolor A3 Q)IZ. BB EZDOInT ARODEBKRBERLR T ITAK—
A TAHAZEDRBENTWD 73, 22T, huTr AREAGKER T THD
crtl ® mRNA R B &G0 X722 A, SCO4 [TBIFRITH T, cretl 238 %
BLTWALZENHBH L, InT ARNOELEENRBRINT Fig. 3-13),
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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 " mutants Antibiotic-overproducing OF " mutant (%)
S. coelicolor A3(2) 1147 4.8x108 9.3x1077 8.6 [38/444]°
S. lividans 66 1326 1.0x10'° 1.3x10%® 13.6 [17/125]
S. vietnamensis NBRC 104153 3.6x10° 5.3x10°* 1.6 [3/189]
S. griseus IFO 13350 4.8x10'° 3.9x107 8.6 [16/186]
Streptomyces sp. Y-4 8.0x10° 4.1x10%® 80.4 [266/331]

MIC: minimum inhibitory concentration; OF: ofloxacin.
? The number of antibiotic-overproducing OF " mutants / OF " mutants tested
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A 1147 Ofloxacin-resistant mutants
SCO2 SCO3 SCO4

(Parent)

B : 3 nr=00s C 1147 Ofloxacin-resistant mutants
ig (Parent) SCOl SCO2 SCO3 SCO4
% y z ’_\ 2N
;é Colony f r / '
= morphology ‘ .
< - /\
Z
g
<
2 Antibacterial
e production
q
e

1147 SCO1 SCO2 SCO3 SCO4
Strains

Fig. 3-6. Activation of secondary metabolism in ofloxacin-resistant (OF")
mutants isolated from S. coelicolor A3(2). (A) Colony morphology and antibiotic
production. Strains were grown on MRS 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 OF 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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A 24h  48h 72h 120h 168h C

Methylenomycin A
1147 O
(Parent)
I““‘
O
SCO3 By
(OF" mutant) H OOC\ 2
B
3
(]
S
=
> SCO3
@ (OF" mutant)
8 1147
k= A L\'\.M_‘,\_,_,\ M (Parent)

0 5 10 15 20
Retention time (min)

Fig. 3-7. Methylenomycin A production by the OF' 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 pL) 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-ds

POS 3H (J = Hz) 5C

1 3.80 (br) 51.4
2 141.2
3 197.1
4 64.2
5 66.6
6 171.2
9 5.65 (d, 1.7), 6.05 (d, 1.7) 121.8
11 139 (s) 13.1
12 1.51 (s) 7.8
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Fig. 3-9. '*C NMR and DEPT135 spectra of methylenomycin A
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OH

Fig. 3-12. Key HMBC correlations for structure
identification of methylenomycin A
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A 1147 OF  mutants
(Parent) SCO3 SCO4

Colony
morphology

Antibacterial
production

B 1147 SCO3 C 1147 SCO4

(Parent) (OF*mutant) (Parent) (OFfmutant)

mmfR

mmyB

mmyR

hrdB

Fig. 3-13. Characterization of OF-resistant mutants that
overproduced secondary metabolites in S. coelicolor A3(2).
(A) Colony morphology and methylenomycin A/carotenoid
(yellow pigment) production. Strains were grown on R3 agar
plates incubated at 30 °C for 36 h. Agar plugs were transferred
to the assay plate prepared with two-fold-diluted Mueller—
Hinton agar containing S. aureus 209P cells. The assay plates
were incubated at 37 °C for an additional 12 h. (B-C) Semi-
quantitative RT-PCR expression profiling of the genes
involved in the biosynthesis of methylenomycin A (B) and
carotenoid (C). RNA was extracted from cells grown for 36 h
on R3 agar plates. Total RNA preparation and RT-PCR were
performed as described in the Materials and Methods section.
Expression of the gene encoding principal sigma factors
(6"""®) was used as an internal control.



S. lividans 66

R4 EREHICE TS 7 MEBIZIVTIF a—I 004 E M ZFE
ML72EZA 13.6% DA T it 28 BER A, BLEkick RTTr 2
F m—UrhEmAERE LT Table 3-7) , FFlICT77F v—I O PE N
FElZmmrolz SLOl O EMEAEELZE® LI, TOHR K. SLO1 1X,
TIF v—vrlkyrriaaray FLrEZERER, 6.5 FRELV 1.7
BRI _XTEAETHZENH B L Fig 3-14A) . S. lividans
66 IZHBWVWThH, Bk 2 2R B OB KPS SN 72D | R E 22 B K O
R EoI Lz, TOME RO NELLZ SLO2 BLUM 1
RN R K L7 SLO3 Tl Bl TR OO0 - N E M H Sh
7= Fig 3-15A) ,

S. vietnamensis NBRC 104153

GYM EXREMIZKITL 7 MEEICEY GBHRAEMEI I T
DAEFEMEEZFIMULIZEZA, 1.6% DA 7 ax 3k 2 Bk A, SVOl
DI, BRI RTTTFF o am A E L Table 3-14B) , I %
T.SVO2 DI, RSB 2AEETHHEK OB L Fig 3-14B) .

S. griseus 1FO 13350

MRS R EHICRIF5 7 MERBICIVPIE W E A& E 27l B E
S, aureus BEIWE. coli) LT2LZT A, 8.6% DA 7 a3 i 28 B
RS, BUR ) E & & A E L7 Table 3-7) . TNOHIE M B A E K o+
IZ1X. SGO1 D XHIT S. aureus & E. coli DN FIZTHE MERTHLOL
SGO2 D XHIT S. aureus \ZDOHHEW MEZRTHONF Lz Fig 3-
14C) , MM AT, XBEW PR EKEAMALEZ SGO1-3 TIE. @MW T 774
NOREREALLF OO Fig 3-15B),

Streptomyces sp. Y-4

MRS # R ICB T2 7 MERBICIVFIEYE EELZEM RE
S, aureus) L7274 80.4% DA 7ax U0t E A B Rk S, SO1 @
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IOl . MEYE 5 A E L Table 3-7) . TOMIZEH . W7 ROK F

DB RESE M LIZE K2 B L. Fig 3-14D) ,

A 8. lividans 66 C s griseus
13350 Ofloxacin-resistant mutants
(Parent) SGOL1 SGO2 SGO

1326 Ofloxacin-resistant mutants
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* P<0.05 ** P<00l
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. 3 Y-4 Ofloxacin-resistant mutants
B S vietnamensis
(Parent) SO1 SO2 SO3
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Fig. 3-14. Activation of secondary metabolism in OF" mutants isolated from
Streptomyces strains. (A) Colony morphology and antibiotic production in
Streptomyces lividans 66. Strains were grown on R4 agar medium at 30°C for 7 days
(upper panel). Strains were grown in R4 liquid medium at 30°C with shaking at 200
rpm for 7 days (lower panel). (B) Colony morphology and antibiotic production in
Streptomyces vietnamensis NBRC 104153. Strains were grown on GYM agar
medium at 30°C for 7 days. (C) Colony morphology and antibiotic production in
Streptomyces griseus IFO 13350. Strains were grown on MRS agar medium at 30°C
for 7 days (upper panel). Bioassay to test the antibacterial activity against S. aureus
and E. coli (lower panel). (D) Colony morphology and antibiotic production in
Streptomyces sp. Y-4. Strains were grown on MRS agar medium at 30°C for 7 days

(upper panel). Bioassay to test the antibacterial activity against S. aureus (lower
panel).
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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
MRS5 agar medium.
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3-3 & ZFHERARRIIZERARHE MHibko BEoOMET

S. coelicolor A3(2)IZBITAHA7axHh O MIC D EIZEBWT, —
Wotrraxh o UmEg RS TS FE T TCTT B—UrE
EAEETAHIENHB L Fig3-2 & 3-16A) , #5712, SCO5. 6., 7 1%, i@
BIXT27F vm—Yr 23 EALAEELRZVb OO F7aX T 0 fF
T BERTIF v—VromEEEZRTZENH B L Fig 3-17) .
COXIRH B, S, lividans 66 O T 7 F v —I U PERL,S.
vietnamensis DV 7T F VU EFEICEBNTHLR OB Fig 3-16B, C,
& 3-17) , 22 THAZuX VL NZEDTI7F n—Y A E Mo H
WA TR M EZE R K TE IS0 AR LT,
SCO5.6. 7 N@LT,. 77F v—I00AFEDN ML Fig 3-17A)
LieA7axhvr 20 pg/ml ZF 5@ MHERELL. A7rxH 0386
K20 pg/ml 25 T GYM %€ K s #1C. S. coelicolor A3(2) KVELG
LieA7nxd o Ut ERERERE B L, TOM K A7 90
£ FTTET7ZF m—Vr@EAEELRIRN 407 HROA7aFk 42 0
MEEKRDY (87 kR4 7aXxVTFE FTTroF n—YUEED
M EZ/RL7% Fig3-18A) , M T, A7n¥xH T I fHF TTT77F =
—VrEmAEETLEKR 37 BRDo (20 BKITATeRI T UAFE T TS
LIZT7F v—TrDEFEDN ML TLZEH o7, UL EoRs R} X0,
FraxPoomEkom G EFTax U oFE FTToOREL AT
HZEITED 27.9% DA T UM E RK O AEME EEE M
L CEXBHZENHLMNE -7 Fig 3-18A),

[F Ak DR FEZ S. lividans 66 TIT o7l A F7nxH I HFE T
TET7F v—VrEEELERIZWE7ad U Um g 115 o)
V65 BERATeXY U FCTIF m—UUAEON EERLEZ
Fig 3-18B) ., M2 C. A 7uxV v fFE FTTr7F v—Yrzmit
PETDHEM 10 koo (7 HRidA7exH oo FE FTELIITIF &
—VUDEEDR ML TLIENH o, L EDORREIY . AT xR
CIHPERR O AFG LA TeR O MFE T TOEEE HTLHILILD,
60.0%DA7aXx T UMt L RKONMEMEEEEL MHibTExhZE
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B HnE7 572 Fig 3-17B) .

A S. coelicolor A3(2)
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Fig. 3-16. Effects of ofloxacin on the growth and pigmented
antibiotic production of OF" mutants isolated from
Streptomyces strains. (A) S. coelicolor A3(2) strains were grown
on GYM agar plates at 30°C for 7 days. (B) S. lividans 66 strains
were grown on R4 agar plates at 30°C for 7 days. (C) S.
vietnamensis strains were grown on GYM agar plates at 30°C for

7 days.
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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. /ividans 66 strains were grown at 30°C for 7 days on R4
agar medium.
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Fig. 3-18. Frequency of OF" mutants with actinorhodin overproduction in the
presence or absence of ofloxacin in Streptomyces strains. The size of each circle
indicates the size of the mutant population. White circles indicate strains that
exhibited non-production under any conditions. Red circles indicate strains that
exhibited non-production in the absence of ofloxacin and overproduction in the
presence of ofloxacin. Blue circles indicate strains that exhibited overproduction in
the absence of ofloxacin. Purple circles indicate strains that exhibited overproduction
in the absence of ofloxacin and a high level of overproduction in the presence of
ofloxacin. (A) S. coelicolor A3(2) strains were grown on GYM agar plates containing
ofloxacin (20 pg/ml, 4 xMIC) at 30°C for 14 days. (B) S. lividans 66 strains were
grown on R4 agar plates containing ofloxacin (320 pg/ml, 4 x MIC) at 30°C for 7
days.
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3-4 F7uxH UM RAH HILICE 2EROMANT

FruxHd o oam e R ARH MEAE OfE AT T, S.
coelicolor ABQ)DF 7 ax VT i 22 B K OZE B A Lo, £k %
BRERMERTA 70XV UMEERK 4K T7F v—TrE L E
Bk SCOL, AF L <A AmAEEK SCO3, A7uxd Ty
F m—UrEAEEK SCO5. . mL XA 7axth o UM SCO8)

7 RATIZEY R E ST E B A& Table 3-9 [Z/x LTz,

fEAT It L2 Cot oo om i A BN, sc03207 TetR 7
77—z RWFERET)DODT7L— TIZFEHR Cysl39Gly LI
Glu50Ser) AL TV, MR T, ENHDH F7rFH D MIC 23 E
VW SCO5 BLUSCOS8 Tlix. DEAD/DEAH box ~Uh—Ei&fx 7 IZBT
LHRERERLLITZL— VINER O HBRE DL,

7Tt L T RN e U U R ICB T, b iE
o T2y =7 AN LIZEZA, TOEFE T TetR 773V —i5

K185 T0O7L— UI7NERMPBRHB SN, EH12,SC04, 6 KT
I%. DEAD/DEAH box ~U W —Elfx FIZBIFH27L— T 7RhEHENR
R ST,

Flo, 7oA ex aU R RN 2 M E THEEZHREINLTWD
B RNRAI AT — B8 Is 1+ gyrd/B BX D parC/E) Z R 1X. 7 iR
Fricfl L7 B MR DI i S o 7z 76,

Pl bEDZE R I Z, SCOl TliX., sco0799 H#eE XL /N7 & s 1) .
sco3831 k8 o FFEEB K E FaWVT7T2=vhEIE 1) .s5c07626

T AXVFS—FPELE ) .BLY 3 OFa—FEHEEREZAGLT
W72, SCO3 (X, 5¢00799 HEEX L RNIEE MR T) . BLOR 1 OFa—
R A B A2HF LT\, SCO5 1L, 5c00799 HEE XL NIEBAE 1) .
sc03549 7T T T <IK T BldG BAis ) . sco3932 GntR 773
U—iig A 785 7) . sco5494 NAD (K75 DNA UK —Ei#Es 7).
BLXO 1 OFa—REBEELAGL TN, HIT, SCOS 1T A K/

IR EZ 300kb 323 Bz ) AR S  ImiCBEE 700kb 713
A7) OKRBFEE R KEH LT, SCO8 X, sco3173 MerR 773V

V
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—#s N8B T) . sco3774 T~ —FEMB ). BLO 2 O
Ha—FHEHEEREZA LTV,

5c03207 O T RICEE# T2H E I H AT BIZ ¥ sco3206) DFE B
B®AYE & RT-PCR EICKVFH X7, 2O/ R MAT LT tetR £ R
BRCTOBRICHERXT AR 7TEBE FORBINE E-> T Fig 3-
19) .
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Table 3-9. Summary of mutations in the OF-resistant mutants of S. coelicolor A3(2)

Strain Gene Gene Product Position Reference Alteration Mutation Amino acid
Classification change
NGS-analyzed strains
SCOl SCO0799  Others Hypothetical protein 846374 G A Transition Leul46Leu
SC03207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
- Junk DNA - 3934810 C G Transversion -
SCO3831  Amino acid El-o branched-chain o keto 4213660 C - Deletion Gly260Ala FS:
metabolism acid dehydrogenase (BkdA2) AA268Stop
- Junk DNA - 5010121 A G Transition -
- Junk DNA - 6050394 C T Transition -
SCO7626  Antimicrobial Monooxygenase 8452572 A C Transversion Phe378Cys
resistance
SCO3 SCO0799  Others Hypothetical protein 846374 G A Transition Leul46Leu
SCO3207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
- Junk DNA - 3934810 C G Transversion -
SCO7284 Replication Ribonuclease H (RnhA) 8090287 A G Transition Aspl18Gly
SCO5 SCO0799  Others Hypothetical protein 846374 G A Transition Leul46Leu
SC03207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
SCO3549  Transcription  Anti-sigma factor 3924583 A C Transversion  Ser4Ala
antagonist(BldG)
- Junk DNA - 3934810 C G Transversion -
SC03932  Transcription  GntR-family 4327698 C T Transition Val2201le
transcriptional regulator
SC0O5494  Replication NAD-dependent DNA ligase 5980776 G C Transversion  Arg664Arg
(Ligh)
SC06262  Replication DEAD/DEAH box helicase 6887071 A C Transversion ~ Stop978Cys:
AA1072Stop
323 genes - - 1- - - Deletion® -
336428
713 genes - - 7927186~ - - Deletion® -
8667507
SCo8 - Junk DNA - 877601 C G Transversion -
SCO3173  Transcription  MerR-family 3478432 C T Transition Ser203Ser
transcriptional regulator
SC03207 Transcription  TetR-family 3515889 C - Deletion Glu50Ser FS:
transcriptional regulator AA186Stop
SCO3774  Antimicrobial  p-lactamase 4149243 G T Transversion  Metl86lle
resistance
SC06262  Replication DEAD/DEAH box helicase 6885124~ - C Insertion Pro331Ala FS:
6885125 AA1775Stop
- Junk DNA - 277357 A G Transition -
(scpnb
Strains not subjected to NGS analysis
SCO2 SCO3207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
SCO4 SCO3207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
SC06262  Replication DEAD/DEAH box helicase 6885998 C - Deletion Trp622Gly FS:
AAG633Stop
SCO6 SCO3207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
SC06262  Replication DEAD/DEAH box helicase 6885946 T - Deletion Leu604Pro FS:
AAG633Stop
SCO7 SCO03207 Transcription  TetR-family 3515615- ATGGGGCA - Deletion Cys139Gly FS:
transcriptional regulator 3515622 AA264Stop
FS: frameshift.

? Large deletion on the chromosome.

The mutation in linear plasmid SCP1.
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1147 OF' mutants
(Parent) SCO1 SCO3 SCO5 SCOS8

sc03206

hrdB

Fig. 3-19. Semi-quantitative RT-PCR expression profiling of sco3206
encoding putative transmembrane efflux protein. RNA was extracted from cells
grown for 24 h on GYM agar plates. Total RNA preparation and RT-PCR were
performed as described in the Materials and Methods section. Expression of
the gene encoding principal sigma factors (¢"™®) was used as an internal
control.
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S. coelicolor A3(2)TH i SA7=Z8 B8 il O KR W I W Ikl 7
DIV XD S, vietnamensis DA T7ax U UMMERE KDY EHL
OV M 2R LI SVO3 D 7 RN 24T 27223 S. coelicolor A3(2)
® TetR 77V —#x K+ #E s < DEAD/DEAH box ~UW—Ei#
T ORERT B AR ICE RITFE DN o7 Table 3-10)

5T, 8. lividans 66 DF 7% Ui 2 B ERIZB W T, TetR 7
7V —idE HTEEFORERIBLB OV —F U AN 21T o1
R WNRDE BB DO T,

Table 3-10. Summary of mutations in the OF-resistant mutants of S. vietnamensis

Strain Gene Gene Product Position Reference  Alteration Mutation Amino acid
classification change
SVO3 SVTN_15985 Transcription  Transcriptional regulator 3621312 T C Transition VallllAla
SVTN_27335 Amino acid Phenylacetaldehyde 6057705 C T Transition Ala303Ala

Metabolism dehydrogenase
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4. B8
AL TIEIAY — LRICREINDEANM M RKIEOH =727
7rn—F LU T, DNA B AEZER LT L5040 E & H i3 Atk
WEEEBERL. A ERIELT., TOM K. A7 OB R F
-4 FHERIE. BBRE OB MR EZ R B
PEAL SHDZENRH BN LR ST,

5 i D> Streptomyces JB AR E LA T UomE KR ATG L,
WA EY OEEEZR LA, CORBEIOHE DY & £ %
OB B NEBE DL, S. coleicolor A32)TlX. B EHEME 77T

n—YrReur Ty aY F LA 2. ZHE TS A M R ik

EIZED®m A EALORIF B NATFL w4V A, BIXOAIRT AREN
ST KRR TR EY O AERIH B Lz, 2hb 2 kR E
MDA G R EBEE I8 E{K DNA EORZZHEEICGFE L. ATFL <
A A I LTIE. BE RBIRFTIAIR SCP1 L IcA A R E s T 3=
—REINTWD T L EOFERFEEBEZILE AT U0 A R
BROBASIZ, B E O LICfF T2 xR 2R ED LA K
Win 772X —0 HALICHE THLHIENHA LN ST, 5 Hh DX
IMBLG N, KW FE TR > TV RWNA BB ELZOMOME THiE Z
HNENIRFE T HZEITEHEBRBFELENZS,

WAGLA 7o v ZRERIT.RCT7 Al o R EY
BTohorvy7uyaxh o~ bRrLcZEND, o7 rAdax o
VERAWEER L. AT O ERBRIIC, R E O
WARH ML ERBLCTEXLLOEMERINTZ, TDO— 7T, A5 TH
Bl raxh o UM L RkIT, 7 /v RAEmME Aty
vND FEM IR ERhoT2, AEA T UE, DNA Yy AL —A B &
T a=v RO ATP # A AL ICHE & L. DNA %E;@%Bﬂiﬁ”%)#é%g
HY, T Fuax nrRPLAEME LIL, DNA Uy AL —RZBITHH A&
MR FERD 70, 26 8T, MR E I 7ud o m L R L
REA T UMMEE R IZRRLIEERBLTEY, AEL UM L R
RDOAZ) == 703 KW TR ONTA Tk A R &I
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BRI ATOEK PG INDZEER R LTS, DNA H#l 22—
Yy RETHHAEME L. 7 Ad X o RHAEMELUNICEH, T A A
VoL TFTARTAT Y TR TFE L VTaA R E RN E N TEY,
NOHAEME ~OMmt M E B OIS EZ Ok FAGIL, BRE O
WACH  MEbIZB TS DNA HREEA O HEWIHRT Fa—F
DWESNLANZ DDA REME N HV | ik o THLBE PRy 80783
FraxHom e R AARH Mk oADMY ICm TR E
BeBE L LT, S. coelicolor A3(2)IZH K324 7 w4 2 i 1 28 5 kR o
T RN RAT ol T ORISR AT L. ToF T aFk o U M 2
TetR 77V —#x K F+EMB T sco3207) 27— VI7NEREZH T
HZEMBHBMER T2, — R IC TetR 773V —i#s K @iz 1L, ¥
NRIBIZ RENDE, HEHZE A ero ki DNA fEHig ok AL,
FXurolr G TV Ly =L THmONTNWD, ZOX U NIH
CHAEMBE REDIT IR FESG T2E 2"V E ORI BEAL,
DNA NOMEEET 226 T, A NO#E R 1+ Dfs WAk 25, [H
Fmr WIZEF MBS T2 EN25 6 . M T — 8 i 3 ) m
PR BB I, 2D XD, TetR 77V —#x W F Bz F 1LV FOF
BIONU T AEZATOHME K - Thd M, A Tax o U &
B CcmABINTLY hWoZ Ry, 70— Y7 RICELZTI BRE
DR E X TEY, TetR 773V —#5 W F O BE K & 23R
eIz, TetR 77V —ids K78l F283F7ax% o UL R I
B 2L E L. S. coelicolor A3(2Q)ITEBWTRhoT-, £D— J T,
Guerin &%, Listeria J& il & O TetR 77V —#5  [K B 1s 1 fepR 3.
ZTOTMICHE T2 vAnx oo R 7 iE 43%]‘619/1@)71//47L
—THHZENB GNITL, fepR DB AR T EE D fepd DIE & 1Y & % Bl
bbb, 7 dax nr R AEAWE ~OMMEL Lo B FH I i
HZEEP ML TWD 85, Zomm LA £X2.S. coelicolor A3(2)D
TetR 77V —ix K+ #Ef5 T s5c03207) LA LEE HALIZHE 35
B 2 "I E s T 5c03206) DR B EEHF LA, TO
tetR ZE R TLHKICH ST HH IV E B FORBBE E-T
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Wiz, L EDOFRELZEEER 0L MR EIZBITD TetR 77V —is K+
D7L— TINEE T EOEBEXEEZNLT, HEH AT RE O
THEMEFOEFHERAZELZLICEIY, A7ex v oMt 2bizb92
ENR R ST,
— T TetR 773V—i# WP T . HEWE. G, 73 B, >
TG FRE AR EIT U RET DO MBI TND 84, L
LR, %8 AR Thr7itax o fiiAEWME N TetR 773
—tx K DOUVARERDHE TRV, 2OZEE TFR £ BN Ae A
VrbWo Tt OFAEMBE I EMMEERIRP ST EE EXD L,
5c03206 Z/37E TetR 77V —in W) T, % BB THLA
Tax YoV OREL AR THIELELRINT, ZOXIR5E
B E DA RAICEB L. 4D TetR AL 27 1%
IHETIZHOLNTES | 2O O FE B0V,
TetR 77V —i#8 K BB FOERIZMZ, A7 ~Oiif Pk
LU 3 E WV SCOS, 6, 8 #7213, DEAD/DEAH Ry 7 A~V —BiE
67 5c06262) ICBIIAZEBRLILBEBLTHLTW:, IROHE BRITRE D
WRE—=v DT — VI7MNERO I aRr OE RICEIDH R IE DI
Bl RN2E R THY, DEAD/DEAH Ry 7 AN B— ¥ O FE M
H7 nCnaboliigEshi, 20 DEAD/DEAH Ry 7 AN H — ¥ i#
5F 5c06262) (2B 5020 # & 1L, S. coelicolor A3(2)TlidfF L7z
Molz, —#% 12 DEAD/DEAH Ry 7 A~NUH—+E I, RNA ~Uh—ELL
T.URY— OAEEGM,.RNA ¥—>A4— — ROBEHKICEEL, M
HOBRBELEA~DHEIERPAN A GBIV TEHE KRB 2R -4t
DB TND 8 LinL72235, DEAD/DEAH Ry 7 AN —E N4 70
XU ICE 5 3T208®E X7, LER ST, B EOD
DEAD/DEAH Ry ZZA~NVA—BIT M OME OLDEITR R ATk
Vo DE—FyRehx  A7aXd YUl EINDZETHREE O M
faFEI RPRLHIOBMBEREREZR LWL HERIND, £DTZ
D2, DEAD/DEAH Ry 7 ANV —ED KK NA 7 x4 ik
MMRHTEBLHE R NI,
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BRaxMEICBWT, 7vdex ar R MEOEN X RIE %
a—RTHIBNRAYAT—B#EAE  gyrd/B. parC/E) O 2 BZXD
F7udH DR MAHBE TL2E8MONTND 70, LNLRNG,
KW T TS LI E OF 7o Ui ZE BRERICEWT, T Bk
KAV AT —BE R ITHER INRoT, Ziuid, B E Tlid, TetR 773
J—tx [N+ i&fxF° DEAD/DEAH Ry AN D —VilEfxF DE R
FERE R HR) (T A7 ux o i+ kIl $502E08TE I R AARA
VAT —BEERIELML BNV EERTONLLAR W, I X2 T, K
BB T I B RRAY AT —BEWSXDIEir LA, DEAD/DEAH ARy 7 A
NV —ERFT7aX Y DAL E— TN THY, 2O~ I — B DO FE
PFRERNMBOEFICKREREELZR I TAARELDDL, \V NIZELXS.
coelicolor A3(2) OF7uxH o Uit E Rk BEREEFZDLE,
TetR 773V —#iz [K ¥ i# {5 X° DEAD/DEAH Ry 7 A~V —Bi#E 5
TOERIZ MBREICBTILZINETITM O TW WA 7 aX 4 it
PEHEIE CTHDZENRB I NT,

T AE M ki WTh, TetR 73V —iz K F &Mk TR
DEAD/DEAH Ry ANV —VBE Iz - OE RO G PR RIS, )
MEITZE D TetR 77V —8 K F 8Bz F20 T22L08H560TH
D0, FZOHRIITPEMEEASKICE 28 FOV7LyHh—&LT
B<HLOLIE LTWE M, Z07-) TetR 7730 —iiz KN F & DOE
BN E O ZWAARH HAIicE 2FEMENE LR, — F T,
K 51%. Burkholderia J& # i 78, DEAD/DEAH R v 7 AU H —E % K
KITHZEIZED, ZRMRHBEY THDH Haereoplantin A Z & £ PE T 5L
NCRBHILERELTND Y, ZDAH=X [T WTIEREHLNZZSH
TWRWHLDOD ., S. coelicolor A3(2) @ DEAD/DEAH Ry 7 AN I —+E€
BARFOMRRBICZRAH MRS ERHERZINT,
A7 a0 2 B RR TITRR 2 7 AR EE W o & R E AL R
DN, TOZ R RO MHibE, TetR 770 —i5 K 18
& DEAD/DEAH Ry 7 ANV —Vilifls + OE R OHRTHH 50
T LW, A 7eF UM AR R R TIE, TetR 77— K #E s
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L DEAD/DEAH Ry AN I —Vil s LI ICH, K x 2B B 7
Ui DR K DE 2~ DERK RSN, ThEZhLORE T+ 5
IR SN TWRWS DD, 2D E A D 553 ER # 72 Z IR AUHE S O
mAEFEACICH 5 T2 R I,
FraxHhrUomEE REEISICETaX U fF T TR ELREESD
AW BEDOEERENELIHEMULE, Z2OXIRB LT, I E
T AR K E THONZEK CIERBOLNR0NED THY |
B R 22 BRI S F WO s TR ZE V), Minal & Salika
I B IER E o e raxt T N S coelicolor A3(2) M145 T 7
F u—Ur A EE ML TLHIEEA LI 8 KPS TR L
A Tux U Uom MR ICB A AT e ik a bt A M E & A pEAL
VB KRICBI2ENICH T, LV ZF THY, Bl TR O
SN OEAEENPREETW ., ZoZEE,. A7exdrroEEFENIEM
EEOFEEREZR S BAZEICI, BMBREOE M kAREE
R B M TEHRILERE L, 2O MITIE B BRI
VAEBA 7RI UMM ERZ (3222180, /¥ kotrTexd
U WARH Mo EHRP/HEMINTIRIETOINERDHD,
MAT, LR OBEEZ oM IS HE S ORRE ([ E¥R R NS
BLIRIR W, ZOAHT =X ORI HEMERF TIBIL2HADHE
MPEE OFEECHEBEMEOHE MO I 2R2hbLin,
F7uXHrnro7 DNA HRZEHETINAEYWE OB BT -
A EEIME T R ISR D Tk A BE W A PE R 0% R 4y
Bt AN EEM EERODRED ML ~OF 22 R IA B%k R LTz,
B E &7 h o UM AE RITR 2D RERHY . 2O X
S%OEBERB|E CTHDH, TIMOAE TN R X, M E IR 53 Al
MM EICRBITIE KRR OAD=X OBPICHEIE TH A, i
MET.MEDEEEEOATII R MAEVWEMIEAI=X O R
Ty W AEM ThLES 25D,
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1944 F 2K B Streptomyces griseus O . IR AR PE W D P AE B
AN T I AR FE RSN TUR . MR E T AW B oMLl
T, LERBIZZRBZREMERZLTCEL. EO—-F T . HNEME D
B & &R T E AN R W 2R A TR E ) ICb o TLEo Tz, IEE T
EHLPLPAEME DDA EREBHBL, FAbD  GL 3k
R UK T TWD, H A R B~ it FLUBAR TORR 2 725t 3] 23K &
bNOH TRl AEME OB B ITRE O E TH D,

W EFHEDOS TuTa O R ND . R E O ARCH B
LA F DEZLBE BICHFE LTWDIERD o TnD, 2O LIk
B W REE T EIcIy B aRPLAEME N RSN T
ETWD, 6« REEWETLIHAEWE IR LTl ZxR 4 8 K%
RERBRZHRBENS BT DL, Z RN EY O & A EK NS LN
LIENHD, MME OB W _RAHE ML TH5FERLLT. ZOX
DRI A MR IKIE DA ) THLZEN M BN TN D,

AKX TIEBHREO kR #REES SR T H T T —F0F
REZOFEHMEORAEZEMIC.DNAER . REENETI2NAEDE
~OIi VE 28 5 O K5 VE R AT 24T 72 o 72,

Y RuAT UM EAMA B35 23S VARY— RNA(rRNA)ZE & 66

R E RN ) A~ AT Uit E R L2 3oL ZWMAH R I
RO M EMEESAEAETLIZENDDL, AT ICE W T,
Streptomyces J& FUFR B OPL AW E & A& FE =V Ar~ A 0 2R B
2N 23S TRNA /5 T ICEBREFF L. MAT.ZOEERNRAEDE &
AFEALDRKE THHIENRBINTND, RIFIE THEHF 1L, AR E IS
U175 23S rRNA B R A2 E AL - MA#H MibofftE A =X %
B &zl 7z,
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Heo# B O Y BRE Streptomyces coelicolor A3(2) &% O &% &
Streptomyces lividans 66 PO H R ZERERKLL TG LAY E
mAEETI A AT UM EZE B KITZN T, rrnd-23S rRNA-
A2302T ZE B & rrnC-23S rRNA-A2281G R A2 H 5, ZOZLu2Hs £
AVHEKRICBWT, FERZE AL EBEREK ) Am~ A2 i
MERKOMEEZ BHRSAREREREOMEE LB T52LT,
23S rRNA £ & OFp PE 2t Liz, TORE & | 23S rRNA & R ([ZITE &
WA EAERRIDY, TICKVFEE R E2H T 56 K Ik, 4 mp %
ROFEENEELIEERLH L, BLIRIRWIEIZ, 23S rRNA B EH DR

P AE W E & EEALITE 6 0b DO, 23S rRNA 4 B &g 4
BPRMAE SHE MAEDEBEEALPEZLSLARHLIENH -
e ZOPAEYWE S AEIT. EROMBE I AF LI A
HERFORBEMICEDZLOTHLZEEH HNITLT, LI EOFEE)»
5.23SIRNAZ R OB A  EALEH IO N &£ R 35 AL,
TNOR R OMAE FRHE T, ZRAH HEAPEIDLOLE
SiF7= Fig. 4-1),

f Ribosome engineering
rRNA r-Protein

Replication ‘AN% -/l/\, ) J

Transcription mRNA  Translation

I
Genetically 2 k\ Erythromycin resistance

unstable ; 2 Modulation of the transcription apparatus
* : f and translation machinery

Upswing in spontaneous mutations

& T .
Enrichi ; t' iati Streptomycin
o yar i
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