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Genetic determinant for the secondary metabolism was studied in heterologous expression in
Streptomyces lividans TK-24 using Streptomyces griseus ATCC 10137 as a donor strain. Chro-
mosomal DNA of 8. griseus was ligated into the high-copy numbex Strepfomyces shuttle plasmid,
PWHMS3, and introduced into 8. lividans TK-24. A plasmid clone with 4.3-kb BamHI DNA of 8. gri-
sews (pMJJI201) was isolated by detecting for stimulatory effect on actinorhodin production by
visual inspection. The 4.3-kb BamHI DNA was cloned into pWHM3 under the control of the strong
constitutive ermEp* promoter in bhoth directions (pMJJ202; ermEp* promoter-mediated tran-
seription for coding sequence reading right to left: pMJJ203; ermEp* promoter-mediated tran-
scription for coding sequence reading lefi to right) and reintroduced into 8. lividens TK-24, The
production of actinorhodin was markedly stimulated due to introduction of pMJJ202 on regen-
eration agar. The introduction of pMJJ202 also stimulated production of actinorhodin and unde-
cylproidigiosin in submerged culture employing the actinorhodin production medium . Introduction
of pMJ.J203 resulted in a marked decrease of production of the two pigments, Nucleotide sequence
analysis of the 4.3-kb region revealed three coding sequences: two codin g sequences reading left to
right, OR¥1 and ORFZ, one coding sequence reading right to left, ORF3. Therefore, it was sug-
gested that the ORF3S product was responsible for the stimulation of antibiotic production. The C-
terminal region of ORF3 product showed a local alignment with Myb-related transcriptional fac-
tors, which implicated that the ORF3 product might be a novel DNA-binding protein related to the
regulation of secondary metabolism in Sireptornyces.
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Streptomyces gpp. are well known for their capae-
ity to synthesize an enormous variety of antibiotics
as secondary metabolites. For most cases, a strain
ol Streptomyces has capacity to produce structurally
unrelated secondary metabolites, and more than 10
biosynthetic steps are required o convert primary
metaholites into the final product, which imply that
this organism contains complex genetic determi-
nations. Studies on the biosynthesis of each anti-
biotic have revealed involvement of pathway-specific
regulatory genes, the mast of which are found adja-
cent to the biogynthetic structural gene clusters
and serve as activator of the biosynthetic structural
genes {18, 26). In Streptomyces coelicolor A3(2),
actIl-ORF4 product, acts as a pathway-specific acti-
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vator for actinerhodin (10), as redD and redZ do for
undecylprodigiosin (28, 33).

The individual biosynthetic pathway of antihi-
otics has been implicated under the pleiotropic reg-
ulation. SBeveral pleiotropic regulatory loci were
revealed in S. coelicolor A3(2) that produces four
structurally unrelated antibiotics including acti-
norhodin and undecylprodigiosin {2, 5, 8, 9, 22).
The known pleiotropic regulators include signal-
transducing proteins which employ protein phos-
phorylation for their activities (27). AfsK-AfsR,
eukaryotic type serine-threonine kinase (13, 19);
AfsQ1-AfsQ2, two-component regulatory proteins
(16); PtpA, phosphotyrosine protein phogphatase
(30). Other than these kinase- and phosphatase-
encoding regulatory genes, diverse genetic deter-
minants were implicated in the regulation of anti-
biotic production. The diversity of these regulatory
elements makeg it likely that several mechanisms
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might be involved in regulating antibiotic produc-
tion. The comhination of all these regulatory mech-
anisms, and the still unknown connections between
different levels of regulations in Sireptomyces,
make this topic challenging for further under-
standing of the control of secondary metabolites
production.

In efforts to understand the complex network of
the regulation in antibiotic production of Strepto-
myces, new DNA sequences were examined for abil-
ity to stimulate actinorhodin production in Strepto-
myces [ividans whose ability to produce actinorhodin
was normally “silent”. This attempt resulted in iso-
lation of several new regulatory genetic loci; abad
(9), abaB (25), a gene encoding a putative antizense
regulator (22). In the present study, we reported iso-
lation of Streptomyces griseus DNA which stimu-
lated actinorhodin production in S, lividans TK-24.
Phenotypic studies implicated that there were iso-
lated the genes for positive and negative regulation
of antibiotic production in the region of 4.3-kb
BamHI DNA from 8. griseus ATCC 10137.

Materials and Methods

Bacterial strains and plasmids

Escherichia coli DHbo (23), pUCI8 (32), and
pBluescript KS(+) (Stratagene, La Jolla, Calif.)
plasmids were used for routine subcloning. S. liv-
idans TK-24 (14) and E. coli DH50 were used as
hosts for the high-copy number Strepfomyces shut-
tle vector pWHM3 (31) or for their derivative plas-
mids (Table 1).

DNA isolation, manipulation, and cloning.
S. griseus ATCC 10137 was the original source of
genomic DNA for the cloning experiments, Pro-
cedures for manipulation of Streptomyces and gen-
eral recombinant DNA manipulation were as de-
scribed elsewhere (14, 23). Protoplasts of 8. liv-
idans TK-24 was trangformed using the procedures
of Hunter (15). For the Strepfomyces vector selec-
tion, thiostrepton was used at 50 pg/ml in agar and

Table 1. Plasiuds used in (s study

A pene stivulating production of antibiotics in 8. [ividans 103

10 g/ml in broth cultures.

Assay of actinorhodin and undecylprodigi-
osin

Actinorhodin production medium {17) contained
(per liter) glycerol, 50 g; glutamic acid, 5 g; morpholi-
nopropane sulfonic acid, 21 g; MgS047H20, 200 mg;
CaClo-2H20, 100 mg; NaCl, 100 mg; KHaPO4, 82 mg;
FeS04-THo0O, 9 mg and trace element solution (14),
2mL at a final pH 6.5. Fifty mililiters of the media
were contained in a 250-ml. baffled flask and ineu-
bated at 28°C with a shaking speed at 250 rpm. The
media were inoculated with spores and mycelium
from plate cultures of the recombinant strains of S.
lividans TK-24 on RZYE agar (14). To prepare veg-
etative inocula, the cells from R2YE agar were added
to B0 mL of R2YE medium in 250-mL baffled flagk.
The cultures were incubated for 72h at 28 at a
shaking speed at 250 rpm; the mycelivim obtained by
centrifugation was washed, resuspended m the orig-
inal volume of water, and was used to inoculate the
production medium. Actinorhodin content and
growth were determined following the method
deseribed by Liao ef af. (17) and undecylprodigiosin
content by Narva and Feitelson (20).

DNA sequencing and analysis

The nucleotide sequence was determined in both
directions by the dideoxynucleotide chain termi-
nation method (24), using double-stranded plasmid
DNA and the universal primers, DNASIS software
(Hitachi) was used for sequence analysis. The codon
usage pattern was determined by FRAME analysis
(3). The Fasta3 program at the European Bioin-
formatics Institute (21) and the Blagt program at
the National Center for Biotechnology Information
{1) were used to search for local alignment.

Results

Cloning and characterization of the DNA
that stimulated actinorhodin production in
S. lividans TK-24

Relerence or

Plasmid Genotype Sources
plJ4026 A dervative of pUCI18 with a 1 7-kb DNA [ragment; ermf 4, 29
pM.JJ201 A denvaive of pWHM3 contaning 4.3-kb BamHI DNA from 8. griseus This work
pM.LJ200 A denvative of pWHM3 contaming 279-bp Kpnl-BamHI [ragment from plJ4026 THis work
pMJJ102 pBlucseript KS(+) containing 4.3-kb Xbal-Hindll fragment from pMII201 This work
pMIJ103 pBluescript KS(+) contamning 4 3-kb BamHI fragment from pMIJ201 at the opposite duection of pMIT201 This work
pMJJ202 A denivative of pMII200 containing 4 3-kb Xbal-HumdHI fragment from pMIT102 This work
pMIJ203 A derivatve of pMIJ200 containing 4.3-kb Xbal-HindlIl [ragment from pMII 103 This Work
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Fig. 1. (A) Restriclion map of the 4.3-kb BamHI region. The
significant restriclion endonuclease sites are noted below. The
plasmids derived from pMJJ201 (Table 1) were shown. (B) Acti-
vation of actinorhodin production due to introduction of
pMJJ201 or pMJJ202 on R2YE agar The recombinant S. liu-
wdens TEK-24 strains grown on RZYE agar at 28°C for 7 days. a,
h, ¢, and d indicate S. lividans TK-24 harboring pMJJ200,
pMJJ201, pMJJ202, and pMJJ203, respectively

The DNA fragment between approximately 4.0-
kb and 6.0-kb in BamHI-digested chromosomal
DINA of S. griseus ATCC 10137 was recovered from
the gel, purified, and ligated into the high-copy
number Streptomyces shuttle vector pWHMS3. The
ligation mixture was introduced by transformation
into S. lwidans TR-24, with selection of thiostrepton
resistance. Among the transformants, an inten-
sively blue colony was isolated. Analysis of plasmid
DNA (named as pMJJ201} from this colony revealed
4.3-kb insert in the cloning site of the vector (Fig.
1A). The cloned DNA was subcloned into pMJJ200,
a derivative of pWHMS3 containing ermEp* pro-
maoter, in both directions (mamed as pMJJ202 and
pMdJ203, respectively) and reintroduced into S. fiv-
idans TK-24 (Fig. 1A). As shown in Fig. 1B, §. liv-
idans TE-24 transformed with pMJJ201 or pM.JJ202
showed hlue pigment production, whereas the strain

1 Microbiol.
1 :-A
<
g oif
=
o
Bt
1]
0.01 ¢
S LwlB
P, 240 n
E [
£ 160}
5 [
Q [
= [
o 30
g [
B
Q
5] ol
g 2fC
a "
& 1|
'g % 10 E
e o
2B !
5 o
1] SE
'g [
= ofF

c 1 2 3 4 5 6 7 8

Time (days)
Fig. 2. Growth (A) and production of actinorhodin (B) and
undecylprodigiosin (C) of 8. lwmdans TK-24 transformed with
pMJJ200-203 in the actmorhodin production medium. O, @, A,
and _ indicate straing harboring pMJJ200, pMJJ201, pMJIJI202,
and pMJJ203, respectively. The cultures were prepared in the
production medium with inocula of spores and mycelinm [rom
plale cultures of R2ZYE agar. The cells were cultured in 50 mL of
the broth in a 250 ml-baffled flask al 28°C with a shaking speed
at 250 rpm.

harboring pMJJ200 or pMJJ203 showed negliahle
pigment production. The strain with pMJJ202 sho-
wed more intense color development than the strain
with pMJJ201. On visual inspection, the strains with
pWHM3 and pMJJ200 showed no difference in the
pigment production on R2YE agar.

S. lividans TK-24 transformed with the pWHM3
derivatives were cultured in R2YE broth, and pro-
ductions of actinorhodin and undecylprodigiosin
were examined. In the RZYE broth calture, S. -
idans TK-24 could not produce actinorhodin, How-
ever, actinorhodin was produced upto 18.5 mg/L in
S. lividans TK-24 harboring pMJJ202. The growth
of the strain harboring pMJJ202 was significantly
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retarded compared to other recombinant strains
consistent with the growth-interference of pMdJJ202-
introduction detected by visual inspection on R2YE
agar. In the culture condition employed, the growth
of the strain with pMJJ202 measured as 10 mg/ml,
in dried cell weight, whereas those of other recom-
binant strains measured 18 to 22 mg/mlL.

Phenotypic studies of the recombinant S. liv-
idans TK-24

The productions of actinorhodin and undecyl-
prodigiosin were examined in actinorhaodin produc-
tion medium permitting the substantial accumula-
tion of both pigmented antibiotics. The cell growth
decreased considerably by introduction of the 4.3-kh
DNA (Fig. 2A). Compared to S. lvidons TK-24 har-
boring pMJJ200, actinorhodin production increased
up to 180% in the strain harhoring pMJJ202 at 8
days after initiation of the eultures, and the enhance-
ment was clearly observed at 4 to 6 days (Fig. 2B).
Actinorhodin production was somewhat low in the
strain harboring pMJJ201 and markedly repressed in
the strain harboring pMdJJ203 compared to the strain
harboring pMJJ200; actinorhodin content in the
gtrain harboring pMJ203 measured only a third of
that detected in the strain harboring pMJJ200 at 8
days after initiation of the cultures. Undecylpro-
digiosin production of the strains with pMJJ202
and pMdJJ201 increased upto 150% and 130% of
that of the strain harboring pMJJ200, respectively
(Fig. 2C). The introduction of pMdJJ203 lowered
undeeylprodigiosin content, but the decrement was
relatively low compared to that observed in actin-
orhodin production (Fig. 2B and C).

When productions of actinorhodin and undecyl-
prodigiosin were examined in the cultures inocu-
lated with mycelium from R2YE broth culture,
marked differences in the productivities were
observed (Fig. 3B and C). Whereas the production
of the pigmented antibiotics of the strain with
pMdJJ200 was significantly limited, compared to the
productivity obhserved in Fig. 2, the pigments were
markedly overproduced due to introduction of
pMJJ202 to an extent obtainable in expt of Fig. 2.
The pigment production of the strain harboring
pPMJJ201 or pMdJJ203 measured as a basal level
(Fig. 3B and C).

Nucleotide Sequence Analysis
Computer-aided FRAME analysis (3) with the
nucleotide sequence of the 4.3-kh BamHI DNA pre-
dicted putative three complete coding sequences
(Fig. 4). The average G+C content for third codon
position for each coding sequences were 87.6, 82.1,
and 92.0%, respectively. There were two reasonable
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Fig. 3. Growth (A) and production of actinorhedin (B) and
undecylprodigiosin (Cj of &, fwicans TE-24 transformed with
pMJJ200-203 in the actinorhodin production medium. ) @ . &,
and [] indicate the straing harbormg pMJJ200, pMJJ201,
pMJIJ202, and pM.LI203, respectively. The cells were eultured in
50 ml of RZYT broth in a 250 ml-baffled flask {or 3 days at 28°C
with a shaling speed at 250 rpm and used to innculate the pro-
ductien medium to be approximately 0 1 of Aggp. The inoculated
production mediums were maintained at the same culturing
condition.

candidates for the translational start codon of
ORF1, ATG (mt 261 to 263) and TTG (i 279 to
281). By finding Shine-Dalgano sequence located at
nt 273 to 276 (GAGG), a TTG codon at nt 279 to
281 was assigned as the translation start site.
ORF1 was predicted to terminate at a TGA coden
at nt 1710 to 1712, Caomparison of the ORF1 prod-
uct with known proteins revealed that the ORF1
product showed regional similarity to Hsp70 pro-
teins, a family of proteins highly conserved in evo-
Iution (6, 7); The ORF1 product was most similar
to Hsp70 protein of S. griseus 2247 (11), with an
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Bamtl]
GGATCCCCGET GACCGGCCTG CGUCTCOCGA CEGTGCIGAG COEATCGECS CGLAITEEGA
CCCCGCERAC GAOTTSCGCC GCGGCTCTCC CTGGCCGGAG CGCTL&CCHC TCTCATCCAG

CEGCACGCAC GLCCC
ACGGCUGACC GRACGUGGCG

CGAACTCGEC GETCBCCETC
GCASGCATAC CACTCCCAGC
bGGPCiCCGA,GCGCCAGGCC
BGECTGEECAC CGACTEECST
L 3 T D W R
CCE36CTGET CCTCECCCEC
G L ¥ L h R
CCGACGCGGT GCTGE“G%TG
CCCGCGGTGA ACGGGCCGGG
CGACGTCCE& CGGGCCGAAC
G’ACCCTC%A ﬁST”ECCCTC
CHGCCGACAG CCBICTCGEC
A D S R L G
ACCATGIGEG GCGuCGGgAC
TCCGCGAGGC G"CCGAGACG
E b A K
GJCTGCCTTR T”TCBCCACC

L P ¥
BCEAGEAGTT
ACGTCCTCEC

YL A
GTECCGCC?T
CCTACCAGTE

v'g R
TGACCGGGGA

T @
AAACGCACGA
G”TCCGACGT
ACGEOGAGCS

HI Y

CTCCCGCTCC
AlCTTCATAT
ﬁaGCGACGAA
T ¥V G
ATCTCGETCCC
R L R
CTCGACATCG
CTTCGGCACC
TEEGEECCET
GICAGGTGLC

CTATGGOGCG
¥ 6 &

COAGCLCGGEAG
CGGEGLCEEED
G P B
CGAGBABGTC
E E V
TREOCTCCET
G L R
Sacl
AGCTCCCGET
CCoCTGCTIC

TTEGLGECE

GGAGAGGCIC
CGACECCECG
GATGCCTENG
TCTG%GCECG
GOTIAACOAC
V K D
CGG3ACCATE
E T H
CTTCACCACE
ARAGGACGOC
E 6 E
TCGCGGTETG
CAAGCTCAGG
I L H
GEAACGAGCS
Q A T
TETGACTCAC
D L ¥

ACGCGATCGA
G3TTECCCEG

CCAGGARTCG

G']

CCbCGGGCuC
ATGSAGEGCE
CIGETGECCC
L ¥ A
CTTGCCAACC
A N P
BICECGGEE
vV & R @
E?GCGCGAGG
QUCGCTEETT
P A &
CTCAACGTTC
N V L
CGGGACG&CC
D D L
ATCGAAET(’S
guCAACGACT
GGCGTGGATC
E»AAGGRTCG
GETCCEEACA
G P D 8
%CCCAGGACC
TGCACGCTCG
GTGEGCEACC
D L
GAGECCETTG
E A V ¥
GICCTGCTCC
v L L L
AAGAAGCTGC
O G T M
CACACGEACG
v F T T
GCGCEGRACT
R K D&
COCATGATCE
P R B3
?ATETGSGCA
GCEECECTCE
E E R &
CCGGCCTGTT
PV T
CGGAACCGGG
CIGGETGAGGC
TCCAGABTIC

CGEGECCACS GCECCGCCE
GTCGGGCCGT CGGCATCGAC TTCGGGACGA

rbe
GCBAGSTCTT GTTG%TC%CC ﬁACECCEAGG
TC%CCGCC%A GGGGGA"ECG CTG%TCGGCA
CCEGEETTCAC CGCGEECECT GCCATGCTGT
G FT A G A W
GCGGGGTACG GETG%CCECC GRGSACGTCG
AC%EC%AGGC CTACCTC%FC GAG%CG%TCA
TCSGTEGCSA CCAGCGTGCC ECGCTGEGGG
TGCEECTGET CAﬁCGTGCCT ACGGCCGTGG
R L ¥ N V¥ AV A
TCACTGTCCT GGTCTTCGAT CTCGGCGGGG
T ¥V L D L GG G
GTGACEGCGT CGTGSAGATC AGGGCCACGC

D E I
GGGACCAGCE GATCCTICGAG
D @ R I ¥ E
TC%CCGGCGA TGTCECCGCG
AACTRTCGEC GECOCOTACY
LS A A K T
BCCCCHTCCA CCTTGAAGAG
P Y H L E E
TGETGEAACG CEGCCGAACC
CCSATATCEA TCAGGTCETC
D1 I Y
TG%TCEGCCG GCTCACGSGC
TCCATBECEC GRTECTCCAS

HG6 A ¢ L
TGGACETCGC CCCCTACTCE
D VvV A P 5
TCEAGCGGEA CACGSCC&TC
ACEAGCCCAT GGTG%TAETC
GGCCCCICEC CETCCTCRAA
A R H LT W P L
AG%TGACG%T CGACTGCPCC
CGGGCEACG& G%CGTCCGCC

rhs
TCCTTIGECET TGTGCGEEGA

TIGGAGETGC CAGAGGGTGA
L E VP E G D
gTTTTCGACC GCACCEGC%A
GGT?TSACCE GG%TCECCBG
GECGAGTITCE BTSATGCCES
G EF G D A E
CBECEAGCTG GOTGAGACGH
R R MG =
Smal

TGATCACCCC BGEZATTIGTC
BECGACTRTT GGGTCCGGTC

DGoGEECG GTGETTCEEC

TGEGCTCCTC
GAATGCTCGT

P
GGCTGCCGGC
TGTCCGECTE

GTCCABAGGA
CEEICTECTE
CCECLEEGAG
R G E

CCECTEGECC
L R S
GITCCEGCGT
TCGTGCCACE
TCCOGCCGECT

Sacl
CEAGCTCOGE
BTEGECGGTE

G G

y
GTGTCCTCCE
vV 8 8 E

R ATUP
CACCTGACCG

L T D
ATCSAGEGGC
HCGACCGTCP
T ¥ R
EAHCTGACCC
CCGETCGAAA
£ E )
CTGACEESECE
L T & &
EGCCAGGEST
g Q@ 6 §
BCABGCATCC
A 8 1 L
ATCEEIETCG
B A C
CCCACGAGGC
N T T I
CACATCHTGE
M ¥ L F
CTCGCCCEGC
5 vV L E
ECCAGCGACG
ACGGTCCGCC
CGCCTGCGTG
3 R W A
CGTACTCCAC

GAAGGCACGT
GCCEETTCEC

CBCAGGEETT
TGTTCCTRET
F LY
AGCCGEGELGE
P G G

Smal
GEAGAGTCCT GGCGBEETGL COGREAGRCGE
T 5 Y BOG OG A
GCEREGCGEG AACGTCCECT BOGBTGETTT
R G666 NVERCLC GG F
GGICCTCGEG TACGTETCCE CCCCABCGGE
L G ¥ 7V 5§ F A B
CGETUGCEEC CEGTUTECCAG GUGTTTGGAR

COCCANOTCA CRAGCATAGT HCCACAACCH

ACGCCBEAGC GATEETCATC GTOCRCHETCC
TGCGGCLCCE CCACCAGTAG C%GGEGCAGG

CEGG GGCGGCGGGT TCEETCREGE

TGIG
AACCGCCGCC ACGCCCCCEC CACCAAGPCG CCACACGCCP {CBCOCACCCA AQCCACCCCC
PP P T R AP A AP ETE

210C

2540
2400

390
2460

370

J. Microbial.
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CBEGETCCEGC GOCUBCEECS ToCTTCOGTE TRUGLTATC CORGACGETG BFIGZAGCGHG 2520
GCCEAGECCE CCEGCGCCE” ACGAAGCCAC ACCGCC%TA% GCCCTGCCAC CCECGCCC 350
ACGEGECTGC GETSGIGEAG ACGCGGGGGC CEBTEEECAC GGGTTGETCG AGTBUTGTSG 7h80
EGCCCCEAC% CCACC%C”TC T%CG%CCECG GCCALC%GIE CCCAESC&%C TEACCACACC 330
TCAREECETE GIGEEIGECC AGGAGGAGEC GRGTEGTGAT GCCOBAGAGE GEBCCGETGC 2640
ACTUCCACAC CACCOROCHE TCCICCTCCS CCCACCACTB,"GGCCTCTCG CCCGGLCA“G
T L A H HAA LLL RT T T 3 G T 310
GUCAGRAGGE GETETCHGGT GCBATCCGGE CGAGATGCGC GGCCAGGGGC LCGTLCTGCI 2700
CEGICCTCCG CCACAECCCA CGCTAGGICC CGTCTACGCG CCGGTCCUCG GGCKAGACGA
RWS A TDF &BIBR AL A 220
GEETCATECE GTGEGCGAGE GCGGSCCACT GACGGGAGCT CACCAGGAGT GCGGCGTCIC 2780
CCCAGTACGC CACCCGCTEC CGCCCGGTGA CTGCCCTCGQ,GTGGTCCTCG COCCECAGRG
g T M B H A L W & ¥ L A A 1 270
GCTEEGEGCAG CECTTCGTTG AuCTGGCTCA CCAGGGTGCG GTGGGCGGCG GGEEGTGATEC 2820
CEACCCCSTC CIGRAGCAAC TGGACCGAGT GGTCCCECGC CACCCGCCGC CCCCACTACG

Q P L A E N S VL E _H A P I 250
COASCTETTC CAGIGCBCEG GO GCGGTCGC TGAGGT”GAG GTCGTG GGGE ATGTCGHGJC 2880
GCTCGACAAG BTCCCGCG%C CECG%CA%CG éCTCChGCTC CAGCACCC%C TACAGCTCCG 230
CTTCGGTGAG CGBECCCCAG AGBTTCCTCG CBTCGGCECT CACCTCCAGA GCGAGCGGCA 2540
GHAGCCACTC GC%CGEGG%C TECAﬁGGﬂGC GLA%CCECG% GT%GAEGCST CGCTCGC GT 210
CGG”CGCGGC CGCGECCEEG GECCGELRGIE GEAGCEECCE GEEECEREEC GGGCGCACGG 3630
GCCBGCBCCG GCGCCGGCCC CCGECGCCAC CCTLGCEEEE CUCCECCUTE CCCGCGTGCC
Vv A A P R P PLPR PRP P 130
GCGCGGCCGG uGCTG”GGGC GCGEGIECEE TGRTEEGEET GATCGCGETE BCbATGGTCT 3080
%CCACVGGCC CCEAC”CC%G CGCCFGCGCC ACC%CCECC% PTACC%“C%C CGC”ACCAGA 170
GETCGATECG GAGGCCTGCT GTGTGGGC”T CGETGAGGAT GCGGGTGACG TCGATGCCCT 3120
S”A%CTRCG% CTECGEACKA CACACCCGCA GCCACTE”T% CGCCCACTGC A%CT%CugGA 150
GETCGTEGAG GCGGCCCATG GTGGCaGCGA TETCGEECCA GGTAGGGGAG BCOASGATCE 3780
C”A%CACCTE CG%CGEGTAC CACCGCCGCT %CAGCCCGGT CCRTCC"CTC CECTECT%GC 130
CBTTCCEGAC CAGGCCETCE GGGAGGGTGG TGECCCAGGAG ATCGGCCCAC CGETCERTGE 3240
GCAAGGCCTG GTCCGGCAGC CCCTCCCACC ACGCGTCCTC TAGCCGEGIE GCTARCCACE
A N K ¥ G L T T L L D AW R DT 110
CCTCGETCTT CGTGCGGB"G GTGTTG”GGG CGAC”GCGCG CTCAACGCCT CCOGCCATGE 3300
GCAECCAGPA GCACBLCCGC CACAACJCCC GCTbCPGCGC GAGCTGCGG CGCCEGTACT
G N RS iA ¥y A A B2 M L0
TEGCGASGTT CGGRAGGAAC TGEETGAGAT CGACGCCOGC BCEGCTGAGS GAGACGRGTT 3380
A CGCTCCAA GCCCTCCTTG ACCCQCTCC# GCTCCGBCCG CBCCGACTCC CTCTGCTCRA

& Foog L D ¥ G R85 L S ¥ L 70
GaCGGGCGGT CACCGGCCAG TCGGGGGTGT TGGTGRGGTG GTCGABEAGE GABCCGAECA 3420
C”GCCCGCCA GTGCCCGGTC AGCCCCCA hCCRCTCCAC EAGCTCCTCC CTCGECCCGT
QB A Vv P P T N L L L B8 5-P 50
GGTGCTTGCC GRGTTCGTCG GCGGRCCACC ACTGCGC CRTCT TOCG ATGTICGTICEE 3480
E"AﬁGAéCGG GTCAA%CA%C CECCTGGEGG ECCTGASGCG GTAGACAGGC T%CA%CA%CC 30
GCAGETCGTE TTCCIGRCCS TOGTGRIGTT TCTEGLAGEC GCGGCGGACC BCOTCOGLGA 3540
CETCCAGCAC AAGBACCEGC ACCACCACAA AGACCCICCE CGECCOLTIGE CGCAGBLGCT
PL3H EQG H K 3 % A R R Y ATDA 10

Irbs
TCOTBAGGAT CAGCCGGACS GACATCECEG COGCCTECEC SECTTCGEAS AGGGLTTCGH 3&00

AGCACTCCTA GICIECCTEC CIGTAGCGLC GLCCGGACH
I TLI LRV 5 HM 1
ABTACGACTC GCCCCACAGT TGGEECGGECE CGGGAGTGGT CACTGGG”AG GCTCCTTCGY 3660
CGTGETCAGE GCGACCGCCE CEGACCCEEC CCOGTBGCGE GACC GGECCTCEEA 37240
GCBEGEECEE GCCGEEETEE TGEETECHET CCGETEEEEE GTCGGGTCBO TACTCCGGTA 3780
ACBBECEGEE GTGTEGCEEE GCCACGGEEC BGEBLGGETE TCACCCGTAC GETGCECEGE 3840
GETETTETEG TECGEECEEG GOCBCCORIC ABGTCHECSE CTICGULCAY GAGGHUGGLE 3900
GCCTGEGCEG CRECTGTTEC CTSASIGUTG TTCTCGTIGA CORECORARE RCTCARCEAE 3960
BCBEEGGECEE CbGTCAGGTC GBOGGCTTCS CECAGGAGEE CGGCGECCTE GECCCGTTGA 4020
GCGGCCGGCC GCCCGTCGAC CETGCTEBAA GGIGICCGET CTTCGIGAAS GTGGCGACGT £080
TCATC ATGGCGAATC GGCTGEECCE STGGGCETTA CGACTAGEGCE TGECGEETCGI 4140
TGGG&CIGTT ATGGCGATGC GTGAAGGTTC TCEGCTCTGC FTGATGTGCE GGACCEGTICT 4200

Sall

GCTCGEOEEE ACGGCATATC TGGTCOACGE CGTCCGECEE CA%FEEEFTC GBACGCCTAC 4260
TCGCITCCTG ATCTGCGEGET CCTGCTACGA CCBAGGBTGT CCG@ATCC 4308

Fig. 4. Nucleotide sequence of the 4,308-bp BamHI fragment, The deduced amino acid sequence of the proposed transglation product
is given below the nucleotide sequence, The asterisks denote translation termination codons. For QORFS reading right to lefi, both
strands are shown. Potential ribosamal hinding sites (rhs) are noted, as are significant restriction endanuclease sites. The nucleotide
sequence was deposited to the GenBank dalabase under the accession number AF147749.
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identity score of 53% and a similarity of 70% at the
region of amino acid residues 26 to 472. The hsp70
gene of S. griseus 2247 encodes the 67 kDa protein
with 618 amino acid residues (11).

ORF2 wags predicted to start at a GTG codon at nt
1961 to 1963 and terminate at a TGA codon at nt
2243 to 2245. ORF3 was predicted to start at a ATG
codon at nt 3565 {0 3563 and terminate at a TGA
codon at nt 2371 to 2369. ORF2 and ORF3 had
putative Shine-Dalgano sequences located 8 bp
upstream from the initiation codons.

Discussion

Genetic locus for regulation of secondary metab-
olism was looked for by its ability to stimulate act-
inorhodin production in S. lividans TK-24. As a
DNA donor, we chose S. griseus ATCC 10137 for its
ability to produce streptomycin, which is hiosyn-
thetically unrelated to thé known metabolites of S.
lividans TRK-24. We employed constitutive ermEp*
prometer for amplified expression of coding sequences
in the cloned DNA. The introduction of the 4.3-kb
BamHI DNA on a high-copy vector activated act-
inorhodin production on R2YE agar, and amplified
expression through ermEp* promoter for coding
sequence(s) reading right to left (Fig. 1A) resulted
in dramatie stimulation of actinorhodin production
(Fig. 1B). The result indicated that there might be
a sequence activating actinorhodin production in
the 4.3-kb BamHI DNA, and the putative coding
sequence be read right to left. The activating effect
was also ohserved in the R2YE broth culture. How-
ever, the production of undecylprodigiosin was not
increased by the introduction of the 4.3-kb BamHI
DNA.

We employed chemically defined medium ren-
dering a substantial accumulation of actinorhodin
together with undecylprodigiosin and investigated
the effects of the 4.3-kb BamHI DNA on the pro-
duction of these two pigments. Undecylprodigiosin
accumulated during the exponential growth phase,
and actinorhodin production occurred mainly in the
gtationary phase (Fig. 2), which implicated that the
physiological controls on the productions of the two
pigments were markedly disparate. As shown in
Fig. 2B and C, undecylprodigiosin production of the
strain harboring pMJJ201 increased to an extent
comparable to that of the strain harboring
pMdJJ202 but actinorhodin production was some-
what decreased by the introduction of pMdJJ201.
This phenomenon implicated that there may be a
promoter for the coding sequence reading right to
left, and the promoter was only active at the expo-

T. Miciabiol

nential growth phase.

The production of the pigments was strictly lim-
ited when the actinorhodin production medium was
noculated with mycelium from R2YE broth culture
(Fig. 3B and C). It was likely that the growth
reached stationary phase too early that physiolog-
ical signal(s) trigrering genel(s) relating to the sec-
ondary metaholism failed to {ully generate. This
Limitation in the antibiotic production was over-
come by the expression of the putative coding
sequence reading right to left in the 4.3-kb BamHI
DNA. In this culture condition permitting short-
exponential growth phase, the strain with pMJJ201
showed a nearly complete inhibition in the pro-
duction of the two pigments as did the strain with
pMJJ203. Therefore, it was suggested that the
expressions of the activating sequence (reading
right to left) and the inhibiting sequence (reading
left to right) were clearly disparate depending on
growth stages; the former expressed mainly at the
exponential growth phase and the latter did at the
gtationary phase.

The nucleotide sequence analysis of the 4£.3-kb
BamHI DNA revealed one coding sequence reading
right to left, ORF3, and two coding sequences read-
ing left to right, ORF1 and ORF2. Therefore, it was
suggested that the antibiotic production was reg-
ulated in positive manner hy ORF3 product and in
negative manner by either ORF1 or ORF2 product.
However, no significant similarity to protein se-
quences in the data bases was ohserved for ORF2
and ORF3, and ORF1 showed only a regional sim-
ilarity to hsp70.

Although no significant similarity to protein
sequences in the data bases was observed for ORF3,
a putative regulatory sequence which acted in pos-
itive manner, some characteristics of the deduced
protein. were obtained through computer-aided
search for regional similarities. The regions of low-
complexity ('simple sequence’ or 'composition biased
regions’) were analyzed through PredictProtein
server in EMBL (34), and the regions not marked
as 'simple sequence’ were separately analyzed for a
local alignment using the PSI-Blast Program. The
region of residue 264 to 385 showed a significant
alignment with ALL-1 protein (a mammalian zinc
finger protein, GenBank Accession No. P55200)
with 23% identity, 41% similarity, and 15% gap in
the alignment of 122 residues. The region of res-
idue 215 to 293 showed a significant alignment
with Myb-related transcriptional factors of various
origins; most similarity with DNA-bhinding protein
MybHv5 of Hordeum vulgare (GenBank Accession
no S35729) with 24% identity, 40% similarity, and
7% gap in the alignment of 79 regidues. Although a
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putative DNA-binding motif could not be assigned,
the alignments implicated that the ORFS produet
might be a eukaryotic type DNA-hinding protein
related to the regulation of secondary metabolism.
ORF1 or ORF2 product was supposed to be a neg-
ative effector of secondary metabolism. However, it
could not be completely ruled out that the observed
effect of the 4.3-kb DNA might have originated
from the region other than the predicted coding
sequences.
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