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Physiological and Genetic Factors Controlling Streptomyces Regulatory
Gene Expression Involved in Antibiotic Biosynthesis
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Abstract

While the biosynthetic gene cluster encoding the pigmented antibiotic actinorhodin is present in the two closely
related bacterial species, Streptomyces lividans and Streptomyces coelicolor, it normally is expressed only in S.
coelicolor---generating the deep blue colonies responsible for the S. coelicolor name. However, multiple
copies of the afsR2 gene, which activates actinorhodin synthesis, result in the ability of S. lividansto also
synthesize large amounts of actinorhodin. Here we report that the phenotypic property that historicially
distinguishes these two Streptomycesspecies is determined conditionally by the carbon source used for culture.
Whereas growth on glucose repressed actinorhodin production in S. lividans, culture on solid media containing
glycerol as the sole carbon source dramatically increased the expression of afsR2 mRNA---leading to
extensive actinorhodin synthesis by S. lividansand obliterating its phenotypic distinction from §. coelicolor.
afsR2 transcription under these conditions was developmentally regulated, rising sharply at the time of aerial
mycelium formation and coinciding temporally with the onset of actinorhodin production. Our results,
which identify media-dependent parallel pathways that regulate actinorhodin synthesis in S. lividans,
demonstrate carbon source control of actinorhodin production through the regulation of afsR2 mRNA synthesis
The nucleotide sequences of afsR2 revealed two putative important domains; the domain containing direct
repeats in the middle and the domain homologous to sigma factor sequence in the C-terminal end. In this work,
we constructed various sized afsR2-derivatives and compared the actinorhodin stimulating effects in S. lividans
TK21. The experimental data indicate that the domain homologous to sigma factor sequence in the C-terminal
end of afsR2 plays a critical role as an antibiotic stimulating function. In addition, we also observed that the
single copy integration of afsR2 regulatory gene into S. lividans TK21 chromosome significantly activates

antibiotic overproduction.

Introduction
AT S coelicolor & BAZMA FAFHoZ 7P A7V Bol @ dEHA AT EA,
TFZHegZ YE 4 7}A A actinorhodin, undecylprodigiosin, methylenomycin, calcium-

dependent antibiotic (CDA)E AT It o]F AT #3A= F2v|= {3 methyenomycin
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£ Aslae 25 GAA Ao 3 HUth 53] actinorhodin & o] F M= EAFAE ¢
AslstR oz 713 go] dFE dEHQ polyketide A FFHEol0, 4 BHEHE RE KA
A7 GAA| Ao RO Jotn grE A Hxe) JAA|ol7|= 3} (Malpartida ¢+ Hopwood,
1984; Malpartida &, 1990). thF-29 FA4A Aol BAA3e 24 FAAES S coelicolor %
olst HASHOZ NS FALR S lividnas NN B, FAAAL. o5 28 %ol g BF
3, 1) A A ARAANS ZH-3= HEZ Eo|F (pathway-specific) 8 A} 2) +
ZAHo 2 TE 2 71R] ol FAA WYL RHUSIE global 2 FAA (RAL e F4A
o] o wet class I I, 1 2 § Al&3} §), 222 3) 34A A7 Iejy 2ol 25 &
o3l pleiotrophic 23 AR FET § Ytk BE Fo]3 23 FiAe Iz IA4
A AT B EE ATAE FHAT(gene cluster) S 2, FAFo2AN wEHF=U,
actinorhodin ¥ undecylprodigiosin ¢ 7S Z+&} actlf-orf4 ¢ redD B+ 7ZAE Eo|F Zd {AA
7Y AR FRARAT ol EASte A2 gHF T (Chater, 1992).

Carbon Source-Dependent Actinorhodin Biosynthesis in S. lividans

S lividans © 4¥FA Q] Wl -8 T AMlX] YEME (Yeast-Extract-Malt-Extract) | A< ¥ 3
Ql typell 8] e}o]l= FAA] actinorhodin 2] AFAo] L&3] dojubA] &=t} (Hopwood et al.
1985). B}A|qk o]A o} H S lividans o afsR2 9 2 ZARFAAE AR F7F L EopAA=
d Ez4sle #FAAS AlFIH actinorhodin AFA o] EJHd HAHIUT (Voglti et al,
1994)., WA S lividans 7} actinorhodin & AFASA Ede olFe GAA | single-copy &
EAsHe afsR2 o] WEo] ANEAQ wYEA (F YEME HlA]) M= AAH7] gEoz2 S
A, et GF3 A F AN S lividans B WS E afsR2 A HAATE EF A
H e FdEE FRaE e & Jdedgy dEFHAUT (F oFYF S lividans TK21
Tro] actinorhodin JAAE FAA3e wlFx2).

meiA] FAA AFY 2F V)50 Aolg BRY AR gAHE F FF S lvidans TF
S, lividans TK21 (°FAB8 S lividans)$} S lividans SL94 (afsR2 7} @A 2ZeA AAL S
lividans EQWO|F)E o7 v} AaF Ae], & growth-arrest, heat or cold-shock, & Tt}
3} carbon, nitrogen, phosphate source FollAl w3t o]E F #F2 AA EAT actinorhodin
A AANA =& vlm BAEYy. S lvidans ©] 7%, heat-shock, cold-shock 3} Z+-& HjotL
T W3} (20-50) 2 wix]9] pH (pHS-pH10) W8lel]l @& actinorhodin A Zpole A #EH
A skttt aEy @A 9d ALYl mE JFe AT Aol HiAcd, HAFGGuA
(Hopwood et al., 1985)] Y3 @AYo E glycerol ¥} N-asparagine & H7}3F 5ol 2t oAl &
S, lividans TK21 ©l 93} actinorhodin AFAdo] BFHATY. 28U afsk2 7} QA AolA A
AY S lividans SL94 SHYHo|FAME 2L g7 S AME actinorhodin BEAJo] A3EF
A gskth & Aol AME-E actinorhodin & g71Z2Z 3olA FEAE w1 7] W2 ¢
Yo} fuming & B3 ZAWRA A FA 2 AP AFE PHFHLE YT F AUH. =
g glycerol & FEE WHIAIIEAM AFEE FIT FAF}, dF FE (20ml glycerol) ©]/¢4]
& 23]8 actinorhodin AAAE LA 7= 7]1AA3 Ao FFAHIJT, 5-10

il

glycerol &4
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ml/l glycerol Wi FZ8}ol Al actinorhodin & A o] AHPLS & & AATh AR, AubEA
A T8 AR of] AFREE glucose ©AY A-$ol= S lvidans 8 actinorhodin A §Ado] A
3 FEHA &gk, glucose 9} glycerol ©] A F7E WAEZRA SME S lividans o &3
actinorhodin AL F=HA LAt

Glucose ErAgo] 93 actinorhodin A4 A Qe F9H3dl7) 93td, $H S lividans
TK21 3% SL94 £ 1% glucose 7} & E wiAo] ¥ Fx (2.5-40 mI/DE] glycerol & 713t
vl ¥ ¥ actinorhodin & AAE wIW3IAS. Glycerol # glucose 7} Tl 8 wiA A=
&9 79 actinorhodin & Aol BFHA ko, 40 ml/l glycerol o] FFHH AF-ole
acrinorhodin & Aol o= Ax FEEES ¢ F AAJT. o9} B2 FIA+= actinorhodin A F
A ZE FAA afsR2 9] WEo| glucose ¢} glycerol & Fx W3lel wegl 2HEE 5 UL A4
3ka Qi

afsR2 Copy Number Effect on Glucose Repression

Glucose &AQel A% afsR2 ZAFAAY] L8 AAE FEI7] A% WHLEZ, afsR2
A7} wHd T4 high-copy ZEAUE pli487 o] E2YH pMOVS532 (Voglti et al., 1994)Z oFAY
¥ S lvidans & FAANF A7l F, glucose X0 TE actinorhodin AL HlmEger &
AP dRTOE ALESE e pMOVS36 € afsR2 3 A2 promoter £} N-terminal -3 9|
AAE EgEv=EEA ZARAAZAMY 7Tl Y LAHA ¥%v A2 Hugo o
(Voglti et al., 1994). H|E pMOVS532 & X33 S lividans A RGN 9} kBB S lividans o] &
3 actinorhodin AthFe HIE B3R (FAAETA G ok¥de A zolz Asia),
pMOVS32 & X33l e S lividans B AABA e okBE S lividans ol Bl A & glucose
712As Aol FELHUG. 28t glycerol F glucose 7 A F{HE R Ee AL
actinorhodin AFA o] FEHS & 4 Ut walA § lividans 2 actinorhodin A FA3E &
A = (2510 m/DE] glycerol & FYE SA2YLE AL Wt fFE2E § Jow, gy
A wFzA FAME glucose ¢ 2L 7|AAN3N 71R}E B3 S lividans YA EAsHE
afsR2 fAZS] HHL JAAIA actinorhodin WFAL ZAstelel g8y =3 S lividans
A el A afsR2 ZARAAY AR & F71E B3t o9k 2 71A A Z ofgt actinorhodin €]
AR ARELE FEE & Ue 7= ANSAT-

Cell Cycle-, Glycerol-, and afsR-Dependent afsR2 Expression

A FEE Ao A, S lividans © 53 A el QAR o EAd=
afsR2 71%& 2322 M actinorhodin AT L A= A2 SFHT. ol9 & AYS
s afsR2 ZANAES BASFZAAN FHE]) std, 4 ok S lividans TK21, afsR2-
deleted S fividans SL94, afsR-deleted S [ividans SL41 (Voglti et al, 1994)E @AYol & F
Z32 nAA (0.5% glucose TF HAFYu AL 025% glycerol T FHA g oFul X))
confluent streaking & ©]-&3}ed Z4zt 3 A HEF3ACE 30 oA A Al wiYF F, SAAHA
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B3 A7) (day 2; substrate mycelia, day 4; aerial mycelia, day 7; spore)o] 3|2Z3l= AT ZHH
ztzt AA RNA & E3dch.  nAERGA wigd AT f2 A RNA EE dRe
Kirby £33 F7ES o83 AFAHJ AT RNA EHyed ot F3=HUoH
(Hopwood et al., 1985), o|& A &l Aol i, B3} A7|E=2 £33 AA RNA ¢ pMOV532
o 2299 afR2 FHAE &3 o2 A3} Norther-hybridization & 433} ) (Hopwood et
al., 1985).

Northern-hybridization A8 A3}, afsR2 AAMAE glycerol FAaG g R olA A3 opAy
lividans TK21 A9 BFAH o, S lividans SL94 & S lividans SLA1 M= afsR2 o] &8
gag & ARt =3 oY S lividans 9] A=, el E3HF A7]o] wE} afsR2 o] U3
oyo] ZAF = =, actinorhodin Aol AZEE aerial mycelia B A afsR2 Ao &
7} gol BFHAYT. 53] SAZ anr2 FAAE #L o w2 AP Je e 2HF
A} afsR o] MAQ S lividans SLA1 9] 739l %, A afsR2 o HAMAZ} TFAEHA &gkt ol
2o AFAFRNE S lividans €8 actinorhodin A FAAE AT afsR2 & LHolE asR 2AFAA
T Z83A BAFE AAET ATt E£3FF glucose HAFF A AN AZAIZ] Bole, B A
ol ALRE M 279 S lividans BFNA afsR2 AAAZE 25 A k3l TEF actinorhodin
AR BEER @k webx S dividans b GREH Q] W FER A A actinorhodin & /33t
A B ol fE afsR2 2 FAAT} glucose 9F ZL ©A Yol 23] catabolite repression S ®
7] gEo]l B A¥L EF ZHYUY. T3 S lividans 8 afsR2 = actinorhodin A §HAd of
oA I Fad ZHRARoIH, o)A afsR2-depedent actinorhodin A A 7|2 w2
(glycerol HAGFuNR]), £ A7) (aerial mycelia), 28] AH[E ZHFAA (afsRP} BF T
g gt ansR2 2ARFRAAL] AALE FAAZL S ZA actinorhodin AFAFES A FAHH.
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Functional Domain Characterization of afsR2

afsR2 AR 7149 Alol= 'Thr-Xaa2-Asp-Asn-His-Met-Pro-Xaa2-Pro-Ala'e] o}u| =4k
Fz7} 3 Wolu} ¥kE-o] E &= direct repeats domain ¥} core binding, promoter recognition ¥} DNA
melting o] #o] 3t LR sigma factor sequence 9+ FAFEH domain ©] UYL°] HI HAUIL,
o] ¥ 7}A domain & afsR2 FAAY FaF 4TE @2 Aolgtn FHHAA A afsR2
GAAe] A overproduction o] FF 5AL LolrRI] 3}, afsR2 F+AAIT high copy
number plasmid 1 plJ487 o cloning ¥©] Sl pMOVS32 ¢+ 1 7j%5°] ZHPH pMOV536 & S
lividans TK21 ol £43}4t}. 2 A} S coelicolor M145 o] BI8} A ABitdo]l @A) HoR
Y S lividans TK21 & A A5 o] pMOVS32 & =U3IAE o ZA F4E e A
welr] afsR2 gene sequence o] £A)3}E direct repeats domain 3} sigma factor domain ©] &vlu
2% A4EE A Golrr] 939 asre FAAY ZVE EAHLE 29 UPeEH ¥
A Aol Wals #FAT. AFZEFH G2 Y2 E 0.5% glucose & ¥ Minimal Media
e afsR2 §ARE A7 o] A:gle] actinorhodin @] blue pigment & AT & UoH, o=
o]Ae] BT oA glucose & repression o] 8t EFAE Ho Atk oldE WHIZE @AYo ®

0.25%, 0.5% glycerol & ¥ & minimal Media 9] A& blue pigments & &A1& 4 AAeH, &3
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pCY103 3 pCY104 ol[X blue pigments & o] Zolg F43] FEE 4 AL ol
direct repeats domain 2T} pCY104 o] E¥H o] Q= sigma factor domain ©] TS5 F23 A
< AAZTE EF pCY105 9 pCY106 <] blue pigments 7} pCY104 & A z}pol7} U] 2L
E uf, afsR2 5329 stop codon ©]% 2] sequence £ A|AH T EE actinorhodin & Aloje =
| 9FE VAR B & F A EF afsR2 FHAE S lividans TK21 chromosome ] &

AL o, afsR2 §-AAE plasmid AEZ T8 ART © BL blue pigments 7} AALE =

X

2% 4 ANTG. ol= chromosome ol ZHFHALS] HHPH o] A YE F
HHA HHY L AN Qi

X w0
_Lm]o.el_:

s
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