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Abstract Iron- and zinc-containing superoxide dismutase
(FeZnSOD) and nickel-containing superoxide dismutase (NiSOD}
are cytoplasmic enzymes in Strepromyces griseus. The sodF
gene coding for FeZnSOD was cloned from genomic Southern
hybridization analysis with a 0.5-kb DNA probe, which was
PCR-amplified with facing primers corresponding to the N-
terminal amino acids of the purified FeZnSOD of S. griseus
and a C-terminal region which is conserved among bacterial
FeSODs and MnSODs. The sodF open reading frame (ORF) was
comprised of 213 amino acids (22,430 Da), and the deduced
sequence of the protein was highly hemologous (86% identity)
to that of FeZnSOD of Strepromyces coelicolor. The FeZnSOD
expression of exponentially growing S. griseus cell was
approximately doubled as the cell growth reached the early
stationary phase. The growth-associated expression of FeZnSOD
was mainly controlled at the transcriptional level, and the
regulation was exerted through the 110 bp regulatory DNA
upstream from the ATG initiation codon of the sodF gene.

Key words: Superoxide dismutase, FeZnSOD, Strepromyces
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Cellular metabolism of molecular oxygen may result in the
generation of reactive oxygen species, such as superoxide
anion (O,”), hydroxyl radical ({OH}), and hydrogen peroxide
(H,0,), because of the incomplete reduction of oxygen
during respiration. The cellular damage resulting from
these reactive oxidants includes DNA strand breakage,
protein inactivation, and the peroxidation of membrane
lipids, to mention just a few [4, 32]. One defense system
developed by most organisms is to remove the reactive
oxidants using enzymes such as superoxide dismutase (S0D),
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catalase, and peroxidase. SOD converts O, into H,O, and O,
[32], catalase degrades H,O, to H,O and O,, and peroxidase
decomposes H,O, utilizing various electron donors [11].

Three types of SODs have been identified according to
their active metals. Bacteria have manganese-containing
SOD (MnSOD) and iron-containing SOD (FeSQD) in their
cytoplasm, whereas copper- and zinc-containing SOD
(CuZnSOD) 1s located in the periplasm of several bacteria
including Escherichia coli [14], Caulobacter crescentus, and
some pseudomonads [30, 31]. It is believed that CuZnSOD
works in the periplasm to remove exogenous superoxide,
while MnSOD and FeSOD prevent intracellular DNA,
proteins, and membrane lipids from oxidation [28]. CuZnSOD
is characteristic of the cytosols of eukaryotic cells and
mitochondrial intermembrane space, while MnSOD is located
in the mitochondrial matrix. In addition, higher plants contain
CuZnSOD in chloroplast [4]. MnSOD and FeSOD are very
closely related in their amino acid sequences, yet quite
distinct from CuZnSOD [24]. The expression of SODs has
been analyzed in many organisms. In E. coli, the expression
of MnSOD (sodA) displays oxygen responsiveness. Its FeSOD
(sodB) is constitutively expressed under most growth
regimes, while CuZnSOD (sodC} increases noticeably during
the stationary phase due to elevated transcription [14].

In Streptomyces spp., highly aerobic soil bacteria, two
novel SODs were found; nickel-containing (NiSOD) and
iron- and zinc-containing (FeZnSOD) enzymes. NiSOD
and FeZnSOD, in both Streptomyces griseus [35] and
Streptomyces coelicolor [17], were identified as homo-
tetramers of about 13- and 22-kDa subunits, respectively.
In S. coelicolor Miiller, the transcription of the gene coding
for NiSOD (sodN) was increased by nickel, which also
plays an important role in processing the enzyme in
addition to acting as a catalytic cofactor [18]. FeZnSOD
expression of §. coelicolor Miiller was regulated through
the repression of the coding gene (sodF) transcription by
nickel [19].
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In the present study, sodF of S. griseus was cloned and
sequenced, and the gene expression was analyzed to
understand more clearly the regulatory expression and role
of FeZnSOD in relation to the growth phase. Results showed
that the FeZnSOD expression increased approximately
twofold during the growth transition from the exponential to
the early stationary phase. The growth-associated expression
appeared to be controlled at the level of sodF transcription, and
the growth-responsive cis DNA was localized within a 110 bp
DNA upstream from the ATG initiation codon of the gene.

MATERIALS AND METHODS

Bacterial Strains and Growth Conditions

S. griseus KCTC 9006 was obtained from the Korean
Collection for Type Cultures (KCTC). The sodF-disrupted
cell of S. fividans TK24 [19} was provided by Dr. J.-H.
Roe (Seoul National University, Korea). The cells were
grown basically and aerobically at 28°C for §. griseus [35]
and at 37°C for the sodF-disrupted cell of §. lividans in the
presence of apramycin (25 pLg/mli), as previously described
[19]. For broth culture, YEME medium (pH 7.0} containing
0.5% yeast extract, 0.5% casamino acid, 0.5% Bacto-
peptone, 0.3% malt extract, 2.5 mM MgClL, and 1%
glucose was inoculated with a spore suspension (about 10°
spores/ml) collected from a YEME plate grown for 5 days.
The cell growth was monitored through the optical density
of culture at 600 nm. §. lividans was transformed with
piasmids as described previously [12]. Thiostrepton (Ts)
was used at 50 pug/ml to select and maintain the S, lividans
cell carrying the plasmid-encoding Ts' gene.

E. coli was grown at 37°C in Luria-Bertani medium [27].
Streptomycin (Sm), spectinomycin (Sp), and ampicillin (Ap)
were added to the culture at each final concentrations of
30 pg/ml, for the drug resistance genes,

DNA Manipulation and Sequence Analysis
S. griseus genomic DNA was prepared as described
previously [12]. The polymerase chain reaction (PCR)
mixture contained 500 ng of the S. griseus genomic DNA,
500 pmol of each of the facing primers, 2.5 mM of
deoxynucleotide triphosphates, and 5U of Tag DNA
potymerase (Takara, Japan) per 50 il of the reaction buffer
supplied by Takara. To facilitate the denaturation of G+C-
rich DNA, dimethylsulfoxide (DMSO) was added to the
reaction mixture at a final concentration of 10% [9]. The
PCR was performed with 30 cycles of the following three-
step cycle: 1 min at 94°C, 1 min at 60°C, and 2 min at 68°C.
. griseus genomic DNA was digested to completion with
appropriate restriction enzymes and electrophoresed on (.8%
agarose gels. Southern blot on to a Hybond-N membrane
(Amersham Pharmacia Biotech, Piscataway, NJ, U.S.A.)
was performed as previously described [27]. A DNA labeling

and detection kit was obtained from Amersham Pharmacia
Biotech and used according to the manufacturer’s instructions.

DNA sequence was determined with an ALFexpress
automatic DNA sequencer (Amersham Pharmacia Biotech).
The dideoxynucleotide sequencing reaction was carried out
with double-stranded DNA using the T7 DNA polymerase
of a Cy5™ AutoRead™ sequencing kit (Amersham Pharmacia
Biotech). The determined nucleotide sequence was assembied
and analyzed using the DNASIS program (Version 7.0)
(Promega, Madison, WI, J.S.A).

RNA Isolation, Quantification, and Northern (RNA)
Hybridization Analysis

The total RNA from §. griseus was extracted as described
by Horinouchi et af. [13]. For determining mRNA half-life,
rifampicin was added to the culture at a final concentration
of 200 ug/ml. Portions (25 ml) were removed at 10 min
intervals for 40 min, and the total RNA was prepared. The
RNA concentration was measured by orcinol assay.

Ten micrograms of the denatured RNA sample per lane
was clectrophoretically separated on 19 (w/v) agarose-
22 M formaldehyde gels, and transferred to a nylon
membrane (Schleicher and Schuell, Dassel, Germany). A
strand-specific RNA probe using [e-"P]CTP (Amersham
Pharmacia Biotech, Piscataway, U.S.A.) was prepared
according to the manufacturer’s instructions with an RNA
transcription kit {Stratagene, La Jolla, CA, U.S.A) and
pBS (Stratagene) clones. The prehybridization, hybridization,
and washing procedures were also performed according to
the protocols suggested by the manufacturer (Stratagene).
Quantification of signals was performed using the Tina 2.0
program of a BIO-Imaging Analyzer (FUJI, Japan). The
sodF-specific signals were normalized to those generated
with a probe specific for 165 rRNA, of which DNA was
derived from S. griseus KCTC 9080 [16].

Detection of Catechol Dioxygenase Activity

The regulatory DNA of sodF was transcriptionally fused
to a promoterless copy of the xv/F gene on a low-copy
number plasmid pXE4 [15]. The pXE4-derived plasmid
was then mobilized into S. lividans as previously described
[12]. The transformed cells grown on the YEME broth were
broken by sonication, and catechol dioxygenase activities were
measured as previously described [15]. All the experiments
involving catechol dioxygenase assays were carried out in
duplicate in at least two separate experiments.

Detection of SOD Activity, Purification of SOD,
Preparation of Antiserum, and Western Immunoblot
Analysis

The activity staining of SOD in a native polyacrylamide
gel (10% [w/v] acrylamide) was performed according to
the method of Beauchamp and Fridovich [3]. FeZnSOD of
S. griseus was purified and used as an immunogen to
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obtain an antiserum as previously described [35]. Preparation
of the cell-extracts, electrophoresis (SDS-PAGE), and
electrotransfer of proteins were also performed according
to the metheds as described previously [7, 23, 27,35]). A
blot treated with the FeZnSOD-specific antibody was
reacted with a 1/2,000 dilution of goat anti-mouse IgG
(Pierce, Fockford, IL, U.S.A.) conjugated with horseradish
peroxidase. Then, the FeZnSOD polypeptide was identified
with an ECL detection system supplied by Amersham
Pharmacia Biotech. Protein was determined by a modified
Lowry method using bovine serum albumin as the standard
[21]. The relative activities and protein levels of FeZnSOD
between samples were quantified by scanning the gel and
blot with the Tina 2.0 program of a BIO-Imaging Analyzer
(FUJT).

RESULTS

sodF Gene Cloning

A 0.5-kb DNA corresponding to a portion of the sodF gene
of 8§ griseus was obtained using PCR with two facing
primers; SODI, 5-GCNACNTA[T/CIACNCTNCC-3', and
SOD?2, 5-TA[A/GJTANGC[A/G]ITG[T/CITCCCA-3". The
SOD1 was designed from N-terminal six amino acids of
the purified FeZnSOD of S. griseus [35], while the SOD2
reflected the amino acid sequence, WEHAYY, of a
conserved region among bacterial FeSODs and MnSODs
[24] (Fig. 1). Using the 0.5-kb DNA as a probe, a 1.1-kb
Sall-Smal DNA fragment (Fig. 2A) was obtained through
colony hybridization from genomic DNA libraries in which
S. griseus DNA had been digested with the restriction
enzymes and cloned into pBS (Stratagene).

The 1.1-kb Sall-Smal DNA was cloned into pWHM3, a
shuttle plasmid between E. coli and Streptomyces spp.
[34], to generate pWHM365. The FeZnSOD expression
was examined with the pWHM365 in trans in a sodF-
disrupted cell of 8. lividans TK24. As shown in Fig. 2B,
the sodF-disrupted ceil containing pWHM3635 exhibited
FeZnSOD activity (lane 1), which comigrated with that of
S. griseus in a nondenaturing polyacrylamide gel (lane 3).
Thus, the entire sodF gene of S. griseus was localized to
the 1.1-kb DNA. The FeZnSOD polypeptide expressed
from pWHM365 was detected in immunoblot hybridization
analyses with an antiserum against S. griseus FeZnSOD
(Fig. 2C, lane 1). As expected, neither activity nor protein
specific to FeZnSOD was observed with pWHM3 as a
control (Fig. 2B and 2C, lanes 2). The level of the FeZnSOD
protein observed with pWHM365 was approximately seven
times higher than that of the 5. griseus cells (Fig. 2C, lanes
1 and 3). Likewise, four times more activity of FeZnSOD
was detected with the cloned gene (Fig. 2B, lanes 1 and 3}.
The higher expression of FeZnSOD by the cloned gene
was attributed to the copy number of the plasmid. The
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Fig. 1. Deduced amino acid sequence of S. griseus FeZnSOD
and comparison with those of other bacterial SODs.

The sequence alignment was obtained using the CLUSTAL W (version 1.70)
program. The residues conserved in all six sequences are indicated with
asterisks. while similar amino acids are marked with dots. The four amino
acids of the metal ligands are indicated in boxes. The residues corresponding
10 the N-terminal amino acid sequence determined by Edman degradation
with the purified S. griseus FeZnSOD [35] are shown in boldface letters.
The facing arrows above the amino acid sequence indicate the two primers,
SOD1 and SOD?2, which were included in the PCR amplification to get a
0.5-kb DNA fragment internal to the sedF gene. The amplified 0.5-kb
DNA was used as a probe to clone the whole sedF gene (see text).

NiSOD activity of S. griseus was observed at a location
different from that of 8. lividans (Fig. 2B).

Homology Comparisons with other SOD Proteins
From the sequence analysis of the 1.1-kb Sall-Smal DNA,
the ORF of the sodF gene was located as shown in Fig. 2A.
The nucleotide sequence of the DNA fragment was assigned
as GenBank accession no. AF141866. The ORF started 420
nucleotides downstream from the Sall site and encoded a
polypeptide of 213 amino acids (Fig. 1). The N-terminal
amino acid sequence deduced from the nucleotide sequence
was consistent with that determined for purified FeZnSOD
[35] except for the first residue of methionine and the ninth
residue of leucine. The methionine may be removed for
maturation, as has been observed for other bacterial SODs
[5. 33]. The predicted polypeptide of 212 amino acids with
an alanine as a N-terminus showed a calculated molecular
mass of 23,343 Da, which is close to that of purified
FeZnSOD, as estimated by SDS-PAGE (22.0 kDa) [35].
Homology comparison with other SOD proteins revealed
that the FeZnSOD of §. griseus is similar to SODs from
various bacteria. Five representative sequences are shown in
Fig. 1. The deduced amino acid sequence of the FeZnSOD



GROWTH- ASSOCIATED EXPRESSION OF sodF OF STREPTOMYCES GRISEUS 703

A
L sodF =
Sall  Smal  Spl Ball BamHl  Psil Smal
B S. lividans TK24 AdsodF
vy
£
S
£ 2 4
NiSOD _
FeZnSOD —» =4
C FeZnSOD ~ | awmem —
1 2 3
Fig. 2. Localization of sodF within 1.1-kb Sa/l-Smal DNA of S.
griseus.

(A) Restriction map of the sodf DNA. (B) FeZnSOD activity detected
with the cloned gene in trany in sodF-disrupted cell of S. lividans TK24
and compared with that of §. griseus. All the strains were grown in YEME
broth until the early stationary phase. The SOD activities were detected in a
nondenaturing polyacrylamide (10%) gel loaded with cell extracts (20 ug
protein per lane) from S. griseus (lane 3}, the §. lividans sodF-disrupted
cell containing pWHM363 (lane 1), and pWHM3 {lane 2. (C) Immunoblot
analysis of the same extracts (7 |lg protein per lane) as in (B) with mouse
antisernm against the purified FeZnSOD polypeptide of S. griseus.

of §. griseus showed the highest homology to that of
FeZnSOD of §. coelicolor Miiller [19] with an 86% identity
and 93% similarity. It exhibited about 69% similarity to
the FeSOD from Mvcobacterium mberculosis [36] and a
66% similarity to the SODs from Nocardia asteroides and
Propionibacterium shermanii {1, 22]. The SOD from N,
asteroides is reported to contain an equimolar amount of Fe,
Mn, and Zn [2], while P. shermanii produces a cambialistic
SOD, the metal cofactor of which can be substituted
according to the metal supply of the culture medium as
previously reported [22]. E. coli FeSOD [6] showed 49%
similarity. These six sequences shared 48 identical residues.
The invariant amino acids also comprise four amino acids,
which are known to be metal ligands (three histidine residues
and one aspartic acid residue) [29] and are conserved at the
positions indicated by the boxes in Fig. 1.

Expression of FeZnSOD during Growth of S. griseus

The activity and level of protein specific to the §. griseus
FeZnSOD were examined using the extracts from cells
during the exponential and early stationary phase of
growth. The cells in the early stationary phase showed
about two times more activity and protein than the
exponentially growing cells (Fig. 3A and 3B). Thus, the
change of FeZnSOD activity during cell growth was due to
the increase of the protein level. The NiSOD activity also

A

NiSOD —e=

FeZnSOD —-

Fig. 3. FeZnSOD expressions associated with growth phase.
(A) The SOD activities were detected using cell extracts (20 plg protein per
lane) from S. griseus cells harvested during the mid-logarithmic (L, A,
between 0.5 and 1.0) and early stationary (S, A,, between 1.5 and 1.9)
phase of growth in YEME broth. (B) Immunoblot analysis of proteins
(7 pg protein per lane) in the same extracts as in (A) with the antiserum
against the FeZnSOD of S. griseus.

increased about twofold following the same growth
transition (Fig. 3A). The increased activities of both FeZnSOD
and NiSOD might reflect physiological response to protect
cells against the superoxide radicals that are accumulated
during the stationary phase of growth [8, 10].

Regulation of sodF Transcription during Growth
Northern (RNA) hybridization analysis was performed with
a strand-specific RNA probe (Fig. 4A, probes a) to identify
the transcriptional activity of the sodF gene. The probe
spanned most of the sodF structural gene as well as its 254 bp
upstream DNA. Total RNA was isolated from S. griseus cells
during the exponential and early stationary phases of growth.
A transcript of approximately 0.8 kb (Fig. 4B) was observed.
The determination of the blot signals revealed that the cells
in the early stationary phase contained about two times
more transcript than the cells during exponential growth,

Stability of sedF Transcript

The sodF transcript level varied in relation to the growth
phase. Since this change could be exerted by either the
synthesis or stability of the transcript, the decay rates of the
transcript were determined to distinguish between these two
possibilities. To block further RNA synthesis, rifampicin
was added to the S. griseus cells during the exponential or
early stationary phase of growth. Total RNAs were extracted
from the cells harvested at 10-min intervals for 40 min after
the addition of rifampicin. The amount of RNA transferred
and its detection with a sodF-specific RNA probe (Fig. 4A,
probe a) were within a linear assay range. The half-lives of
the transcript were estimated to be between 6 to 7 min,
irrespective of the growth phase (Fig. 5). Consequently, the
elevated FeZnSOD expression during the early stationary
phase would appear to be mainly regulated by sodF
transcription rather than by the stability of transcript.

Analysis of cis DNA Responsible for Growth-Associated
Regulation of sodF Transcription

To locate a cis DNA responsible for growth-associated
transcriptional regulation, the sodF upstream DNA of §.
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Fig. 4. Identification of sedF transcript and its [evel change in
relation to the growth phase.

(A) Location of an RNA probe . (B) Northern blot hybridization analysis
with fe-"PJCTP-labeled RNA probe. Total RNA was prepared from S,
griseus cells during the logarithmic (L) and early stationary (S) phases of
growth. The culture absorbencies of the growth phases, when the ceils
were harvested. were mentioned in Fig, 3.
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Fig. 5. Stability determination of sodF transcript.

S. griseus cells were cultured in YEME broth. Rifampicin, an inhibitor of
RINA synthesis, was added to each culture during the logarithmic (L) and
early stationary (S) phases of growth. The culture absorbencies of each
phase, when the cells were sampled, were the same as in Fig. 4. (A) The
cells were harvested at 10-min intervals for 40 min after the addition of
rifampicin and the total RNA was extracted. Northern blot hybridization
was performed with the sodF-specific RNA probe a (Fig. 4A). Note that
each lane of blot L. was loaded with 15 ug of RNA, while blot $ contained
10 ug of RNA per lane. (B) The transcript levels of the cells during the
logarithmic (@) and early stationary (4 ) phases are shown by semi-
logarithmic plots.

griseus was limited by two restriction sites, Sa/l and Srvl,
and transcriptionally fused to a promoterless copy of the
xylE gene on a low-copy number plasmid pXE4 {15].
pHK365 contained the sodF regulatory DNA from -421
{Sally to +4 (Ball) relative to the ATG initiation codon
and plJK054 contained the DNA from - 110 (S&) to the
same 3' site, Ball (Fig. 6A). Since the growth-associated
expression of FeZnSOD was similarly regulated in both S.
griseus and S. lividans (data not shown), each plasmid was
mobilized into S, lividans, a generally recognized expression
host, and then examined for catechol dioxygenase activities
with respect to the upstream DNAs. During the exponential
and early stationary phases of growth, the cells were broken
by sonication and catechol dioxygenase activities were
measured. No enzyme activity was detected when the xyIE
of pXE4 was cloned immediately downstream from the
transcription-translation stop DNA, Q Sm/Sp' [25] (data

A
[ sodF

. ; ———

Safl Xmalll  Snl  Ball e
puuk3es {2 ' e VlE
plIKO54 Q‘—-{ xplE
piik 100 {2 — xylE
B

50

40

30

20

unit/ mg protein

10

— 3 ]

pUKO54  plK100

pUK365

Fig. 6. Analysis of sodF::xylE fusions to localize cis DNA for
growth-responsive transcriptional regulation.

(A} sodF DNA fragments transcriptionafly fused to xy/£. A transcription-
translation stop DNA, Q Sm7Sp", was cloned at the border between the
vector and the sodF upstream DNA 1o block any fortuitous transcriptional
readtlirough from the vector DNA. (B) Histogram showing the catechal
dioxygenase activities of each plasmid in S. /ividans cells harvested during
the logarithmic (open bar; A, beiween 0.5 and 1.0) and carly stationary
{solid bar; A, between 1.5 and 1.9) phases of growth in YEME broth.
Standard deviations of the activities are shown on each bar.
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not shown). The catechol dioxygenase activities of the two
plasmids, plJK365 and plJK054, were increased approximately
twofold during the growth transition from the exponential
to early stationary phase (Fig. 6B). These results imply that
the regulatory DNA downstream from the Styl (- 110) of
pUUK054 appears to contain a promoter as well as a cis
DNA involved in growth-responsive transcriptional regulation.
It remains to be determined whether they are the same
DNA region or not. The possibility of the presence of
another promoter at the DNA upstream from the Styl site
has been excluded, since no enzyme activity was observed
with pIJK100 (Fig. 6B}, in which the 311 bp Sa/l-Styl DNA
was fused to the xylE (Fig. 6A). In addition, the primer
extension analysis of the sodF transcript localized its 5'
end at the DNA downstream from the Sryl (- 110) site, based
on the size estimation of an extended product (data not
shown). It should be noted that the inclusion of the upstream
DNA from - 110 (plJK034) to -421 (plTK365) resulted in a
near sevenfold higher-level expression of catechol dioxygenase
activities. Thus, it would appear that 311 bp Sall-Sryl DNA
contained a putative activator-binding sequence(s) because
of the higher level of sodF transcription.

DISCUSSION

Two novel SODs, NiSOD and FeZnSOD, from S. griseus
have been previously purified and characterized [35]. In
this work, the sodF gene coding for FeZnSOD of §. griseus
was cloned and sequenced in order to elucidate the regulatory
mechanism of FeZnSOD expression. It was concluded that the
FeZnSOD expression during growth was mainly controlled
at the level of the synthesis of sodF mRNA, since variations
in the activity and levels of protein specific to FeZnSOD
were reflected by changes in the transcript level. In addition,
the stability of the sodF transcript was not altered significantly
under the experimental conditions examined (Fig. 5).

Both the FeZnSOD and NiSOD activities of S. griseus
increased approximately twofold following growth from
the exponential to early stationary phase. The increased
activities of these SODs may reflect a physiological response
to protect the cells from higher accumulation of superoxide
radicals, which can occur during the stationary phase of
growth [8, 10]. Both activities were further examined
during succeeding 50 h after the early stationary phase. The
FeZnSOD activity decreased twofold in the stationary phase
and then maintained a plateau. However, the NiSOD activity
maintained an elevated level throughout the stationary phase
examined (Kim and Lee, unpublished result). Accordingly,
the total SOD activity would seem to be the highest during
the early stationary phase. In addition, the NiSOD might be
a primary SOD during the stationary phase of aerobiosis.

Highly aerobic soil bacteria, Streptomycetes, have been
characterized by the production of a variety of secondary

metabolites, including antibiotics, during the stationary phase
of cell growth [26], where morphological and physiological
differentiations are usually induced by the limitation of
essential nutrients such as carbon, nitrogen, and phosphate
(for a review, see [20]). An association between the SOD
expression and the process of differentiation has not yet
been revealed.

As shown in Fig. 6, the 311 bp DNA between the Sall
and Siyl sites appeared to be required for the activation
of sodF transcription irrespective of the growth phase,
This DNA was further analyzed and it was found that
the same 311 bp DNA was responsible for the increased
expression of FeZnSOD following treatment with plumbagin,
a superoxide generator (Kim and Lee, unpublished result).
It remains to be determined whether the cis area for
transcriptional activation is the same site(s) as that
responsible for the increased expression by plumbagin.

In summary, the regulation of FeZnSOD expression of
S. griseus was examined with respect to the growth phase,
and it was found that the expression was mostly controlled
at the level of sodF transcription. In addition, the cis DNA
for the growth-assocjated regulation of sodF transcription
was localized. This cis-acting DNA will facilitate the
identification of transcriptional regulator(s), which may be
a sigma factor(s) or other activator(s) that can recognize
the growth phase and induce the sodF transcription.
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