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Abstract Although the specific function of SCO2127 re-
mains elusive, it has been assumed that this hypothetical pro-
tein plays an important role in carbon catabolite regulation and
therefore in antibiotic biosynthesis in Streptomyces coelicolor.
To shed light on the functional relationship of SCO2127 to the
biosynthesis of actinorhodin, a detailed analysis of the pro-
teins differentially produced between the strain M145 and
the Asco2127 mutant of S. coelicolor was performed. The
delayed morphological differentiation and impaired produc-
tion of actinorhodin showed by the deletion strain were ac-
companied by increased abundance of gluconeogenic en-
zymes, as well as downregulation of both glycolysis and
acetyl-CoA carboxylase. Repression of mycothiol biosynthet-
ic enzymes was further observed in the absence of SCO2127,
in addition to upregulation of hydroxyectoine biosynthetic
enzymes and SC0O0204, which controls nitrite formation.
The data generated in this study reveal that the response reg-
ulator SCO0204 greatly contributes to prevent the formation
of actinorhodin in the Asco2127 mutant, likely through the
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activation of some proteins associated with oxidative stress
that include the nitrite producer SCO0216.
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Introduction

Streptomycetes are well-known producers of natural products,
including over half of the antibiotics currently used in medical
practice (Demain 2015). Production of these metabolites is
tightly related to the development cycle. While the synthesis
of natural products occurs after the emergence of aerial myce-
lium in semisolid media (Chater 2006), in liquid cultures takes
place at the well-defined transition phase between the com-
partmentalized and multinucleated mycelium, which corre-
sponds with the switch from the exponential to stationary
growth (Manteca et al. 2008). In the model actinomycete
S. coelicolor, is particularly easy to identify this event because
of the production of prodiginine and actinorhodin (ACT),
which have a characteristic red and blue appearance, respec-
tively (Tsao et al. 1985; Bystrykh et al. 1996). ACT is proba-
bly the most studied antibiotic produced by S. coelicolor. Its
biosynthetic pathway has been thoroughly described
(Fernandez-Moreno et al. 1992; Fernandez-Moreno et al.
1994) and currently, a large number of either specific or reg-
ulatory proteins are recognized (Arias et al. 1999; Kang et al.
2007; Taguchi et al. 2007; Lee et al. 2009; Feng et al. 2011;
Rico et al. 2014). Despite this, little is known about more
complex regulatory networks that inhibit its production in
S. coelicolor.
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Carbon catabolite regulation (CCR) affects the utilization
of carbon sources and the synthesis of secondary metabolites
by reducing either the expression or the activities of the cor-
responding enzymes when a favored carbon source is present
in the culture medium (Ruiz et al. 2010; Gorke and Stiilke
2008). Pioneer studies on Streptomyces CCR include the iden-
tification of S. coelicolor mutants resistant to grow in cultures
with the glucose analog 2-deoxyglucose (DogR mutants)
(Hodgson 1982). S. coelicolor DogR mutants started to be
studied in the early 80s because their phenotype includes the
well-known ‘symptoms’ of carbon catabolite resistance.
These are characterized by a significant reduction of glucose
kinase activity (Seno and Chater 1983), which reduces levels
of glycolytic intermediates (Jault et al. 2000; Ramos et al.
2004). Genetic complementation of S. coelicolor DogR mu-
tants with a 2.9-kb DNA fragment containing the gene gl/kA
(SCO2126) resulted in a reversion of the DogR phenotype
(Ikeda et al. 1984) and supported glucose kinase (GlkA) as
the top regulator of the CCR in S. coelicolor. However, such
2.9 kb DNA fragment also contained the sco2127 gene (just
upstream of glkA) (Angell et al. 1992). Further studies on the
anthracyclines producer Streptomyces peucetius vat. caesius
DogR mutants even show that complementation with sco2127
completely restores wild type levels of antibiotics (Guzman
et al. 2005). Despite sco2127 codes for a soluble protein
(Chavez et al. 2009), it has been difficult to determine its
activity due to the lack of sequence homology to any known
protein. Whatever the role of SCO2127 in CCR, we are inter-
ested in the identification of new factors functionally related to
this protein that may affect the production of ACT in
S. coelicolor.

In this study, a comparison between the wild type and the
Asco2127 mutant was performed at the translational level.
The deletion strain displayed a dramatic reduction in the pro-
duction of ACT. This phenotype was accompanied by an al-
tered expression of mycothiol and hydroxyectoine biosynthet-
ic enzymes, as well as the unexpected accumulation of nitrite.
An in silico analysis, followed by deletion of the response
regulator encoded by sco0204, enabled us to identify that this
gene controls the formation of nitrite in the Asco2127 strain.
The results presented here illustrate how genome-wide biolog-
ical data sets can be used to study tightly regulated complex
phenotypes and expand our understanding of novel regulatory
networks that influence the synthesis of ACT in S. coelicolor
M145.

Materials and methods
Bacterial strains and growth conditions

S. coelicolor M 145, a plasmid-free derivative of S. coelicolor
A3(2), was used as the wild-type strain. The markerless
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Asco2127 mutant was obtained as described elsewhere
(Gust et al. 2002) from the previously reported apramycin
resistant mutant Asco2127:aac(3)IV (Chavez et al. 2011).
This technique allowed us to use the apramycin resistant cas-
sette to replace the gene sco0204, generating the double mu-
tant Asco2127 Asco0204:aac(3)IV. For spore harvesting, the
strains were routinely grown as confluent lawns on MS plates
(Kieser et al. 2000). For fermentation studies, 50 mL of mod-
ified RS liquid medium (Fernandez et al. 1998) was utilized.
The medium lacked sucrose but was supplemented with
55 mM arabinose as the sole carbon source. The medium
was inoculated into 250-mL baffled flasks (Sigma-Aldrich;
St. Louis, Missouri, US) with 4 x 10° spores/mL and incubat-
ed at 30 °C under agitation (200 rpm).

Actinorhodin and nitrite determination

Actinorhodin production during the stationary phase was de-
termined according to Bystrykh et al. (1996). Colorimetric
determination of nitrite was performed according to the
Griess-Ilosvay principle, using adjusted quantities of suitable
Api 20 E™ reagents (bioMérieux, Inc.; Marcy-I’Etoile,
France).

Protein extraction

Cells from two separate biological replicates of 50 mL-flask
cultures of M145 and the sco2127 deficient strain were har-
vested at mid exponential and stationary growth phase by
centrifugation (11,000xg at 4 °C). The pellets were washed
with PBS buffer (8 g NaCl, 0.2 g KCI, 1.44 g Na,HPO,,
0.24 g KH,PO, per liter, pH 7.5 and then resuspended in lysis
buffer 50 mM Tris—HCI, pH 7.5, Thermo protease inhibitor as
described elsewhere (Licona-Cassani et al. 2014).
Homogeneous cell disruption was achieved by sonication
and cellular debris removed by centrifugation 10,000xg,
5 min at 4 °C. To further remove impurities, treatment with
DNase I and RNase A (Thermo Fisher Scientific Inc.;
Waltham, Massachusetts, USA) was performed. The crude
protein extract was dialyzed against Milli-Q water, quantified
using the 2D Quant Kit (GE Healthcare; Little Chalfont,
United Kingdom) and lyophilized.

Protein digestion

SWATH samples were prepared as specified in Wisniewski
et al. (2009). Briefly, 50 pg of protein from each strain were
diluted in 800 pL of 8 M urea/50 mM AMBIC and loaded into
four Amicon Ultra-0.5 mL centrifugal filters with a nominal
cut-off of 30 kDa (Millipore; Billerica, Massachusetts, USA).
Proteins were washed twice with 200 uL of 8 M urea/50 mM
AMBIC by centrifugation (14, 000xg for 15 min), followed
by two washes in 100 uL of 50 mM AMBIC. In-filter trypsin
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digestion was performed (overnight at 37 °C, 50 rpm) using
5.0 ug of MS-grade trypsin (Promega; Madison, Wisconsin,
USA) in 30 puL of AMBIC (50 mM). Digested proteins were
collected by three rounds of centrifugation with 30 uL of
AMBIC (50 mM). Final pH of the samples was adjusted to
3.0 using formic acid. Protein samples were concentrated
using a vacuum centrifuge and finally concentrated using a
C-18 ZipTip (Millipore) to assure that quantities injected in
each LC injection were equal.

SWATH library reference and sample preparation

Information-dependent acquisition (IDA) was used to gener-
ate a reference library from a pooled sample that included
50 pg of proteins from each of the strains tested in two bio-
logical replicates. To avoid column overloading, C-18 ZipTips
were used. Before MS analysis, samples were concentrated
using a vacuum centrifuge to remove residual acetonitrile
and resuspended in 99.5 pL of 0.1 % formic acid. Synthetic
peptide mixture (HRM calibration kit from Biognosys;
Zurich, Switzerland) was spiked to each sample for retention
time shift correction according to Bernhardt et al. (2012) and
Escher et al. (2012). IDA and SWATH injections were per-
formed in duplicate from 4 to 0.5 ng of peptides, respectively.

Statistical analysis

PeakView 1.2 (ABSciex) was used for SWATH MS/MS data
processing. Data was log2-transformed and quantile-
normalized (Bolstad et al. 2003) and technical replicates were
averaged. Only proteins with at least two peptides with >95 %
confidence were used for statistical analysis. Sample statistical
analyses of two biological replicates were performed by fitting
the data for each protein to a linear model using the R Limma
package (Smyth 2005). Limma’s empirical Bayes method was
used to calculate a moderated t-statistic test for the contrast,
and proteins were classified as differentially expressed when
their adjusted p value was lower than 0.05 (Smyth 2004).

Liquid chromatography coupled to mass spectrometry
(LC-MS) analysis

LC-MS/MS was used for proteomic and metabolomics anal-
ysis. Central carbon metabolites were measured at mid-
exponential phase using an ion-pairing HPLC-MS/MS meth-
od, as described in Dietmair et al. (2012) and modified in
McDonald et al. (2014). For proteomic discovery (IDA) and
quantification (SWATH), samples were initially separated
using a Shimadzu Prominence nano-LC system as previously
described in Kappler and Nouwens (2013) using the modifi-
cations reported by Orellana et al. (2015).

Results

The Asco2127 mutant showed impairment of actinorhodin
biosynthesis and morphological differentiation.

Phenotypic characterization of S. coelicolor M145 and its
derivative mutant Asco2127 was performed in 250-mL baf-
fled flasks containing 50 mL of modified R5 liquid media
supplemented with arabinose 55 mM as the carbon source.
In these conditions, the SCO2127 deficient strain showed a
clear reduction of biomass along the fermentation (Fig. 1a).
However, during the exponential growth phase, the two
strains showed similar specific growth rates, i.e., 0.11 + 0.01
and 0.09 + 0.02 h™', respectively. Although the biosynthesis
of actinorhodin in both cultures started at 48 h (8 h after en-
tering the stationary phase), pigment production in the dele-
tion mutant decreased more than 90 % at stationary phase
(Fig. 1b). According to this, the Asco2127 strain also showed
a severe damage of mycelial development when streaked on
modified R5 plates (Fig. 2).

Deletion of sco2127 alters the abundance of several
proteins

SCO02127 is one of 3694 hypothetical proteins (47 % of the
total ORFs) encoded in S. coelicolor M145 (Bentley et al.
2002). A lack of sequence homology to any known protein
makes difficult to formulate a hypothesis explaining the phe-
notypic differences between M145 and the SCO2127 defi-
cient strain. Therefore, we used proteomics to generate possi-
ble explanations for the virtual lack of actinorhodin biosyn-
thesis observed in the absence of SCO2127. Of the 346 pro-
teins differentially produced between the M 145 strain and the
deletion mutant at stationary growth phase (Online Resource
1), those involved in the biosynthesis of actinorhodin showed
the lowest abundance in the Asco2127 strain (Table 1). Other
proteins that showed less abundance in the absence of
SC02127 included enolase (SCO3096), and pyruvate kinase
(SCO5423), which are involved in glycolysis. Moreover,
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Fig. 1 Quantitatively determination of biomass (filled bars) and
actinorhodin (empty bars) in liquid cultures of S. coelicolor M 145, the
Asco2127 mutant as well as the complemented strain Asco2127
pMS81 + 502127 and its corresponding control Asco2127 pMS81
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Fig. 2 Deletion of sco2127 and
sco0204 affect development of
S. coelicolor M145. Strains were
streaked according to the scheme
(left). Images were taken at day 3
(center) and day 4 (right) of
incubation at 29 °C

Asco2127
pMS81

Asco2127
Asc00204::aac(3)IV

Asco2127

pMS81 +sco2127  Aseo2127

downregulation of acetyl-CoA carboxylase (SCO5535),
which catalyzes the formation malonyl-CoA, was observed.
In contrast, the abundance of the gluconeogenic enzymes
glyceraldehyde-3-phosphate dehydrogenase (SCO7040) and
fructose 1, 6-bisphosphatase (SCO5047) increased in the
Asco2127 strain.

The Asco2127 strain shows altered abundance
of stress-related proteins

Mycothiol (MSH) helps to maintain the redox balance and
counteracts the effects of reactive oxygen species in
S. coelicolor M145 and Mycobacterium tuberculosis
(Buchmeier et al. 2003). The abundance of two out
(SCO1663 and SCO4967) of five enzymes required for the
biosynthesis of MSH was reduced 1.56- and 2.02-fold, respec-
tively, in the Asco2127 strain at stationary phase. In contrast,
high abundance of SCO1865 (1.99-fold) and SCO1867 (2.3-
fold), which are involved in the biosynthesis of the compatible
solute hydroxyectoine (ECT), was observed in the deletion
mutant (Table S1). Similar to these enzymes, deletion of
sco2127 also resulted in upregulation of different proteins
associated with redox stress including a zinc-containing

alcohol dehydrogenase SCO0179 (6.53-fold), a universal
stress protein SCO0200 (1.99-fold), a luxR family two-
component response regulator SCO0204 (2.5-fold) and two
subunits of nitrate reductase SCO0216-17 (2.8-fold each).

An additional comparison between the proteomic pro-
files of M145 and Asco2127 strains was performed at ex-
ponential phase, just to ensure that the differential abun-
dance of these enzymes was not simply due to the growth
phase. Interestingly, similar abundance pattern (either up-
or downregulated) for SCO1663, SCO4967, SCO1865,
SCO1867, SCO0179, SCO0204, and SCO0216 was no-
ticed. However, the abundance of both SCO0200 and
SC00217 did not show statistically significant change be-
tween the two strains at exponential phase. Despite this,
low abundance of SCO4151 (3.14-fold), which is addition-
ally involved in the biosynthesis of MSH, was detected in
the Asco2127 mutant (Fig. 3).

Regarding the enzymes encoded by the act gene cluster, it
is noteworthy that, unlike what was observed in the stationary
phase, only the ACT transporter (SCO5083) and the ketoacyl
reductase (SCO5086) decreased their abundance (1.75- and
1.41-fold, respectively) in the Asco2127 mutant at exponential
phase.

Table 1 Relative abundance of

diverse proteins involved in the SCO Gene Function Relative
biosynthesis of actinorhodin that number abundance
were differentially produced in
the Asco2127 mutant C()lnpared to SCO5073 Putative oxidoreductase —15.77
the parent strain M 145 at SCO5077 actVA2 Protein involved in polyketide synthesis -20.29
stationary phase SCO5078  actVA3 Hypothetical protein -31.41
SCO5079 actVA4 Hypothetical protein -36.76
SCO5080 actVAS Hydrolase -19.58
SCO5083 actll-2 Putative actinorhodin transporter -109.79
SCO5084 actll-3 Putative membrane protein -19.41
SCO5086 actlll Ketoacyl reductase -32.00
SCO5087 actlORF1  Actinorhodin polyketide beta-ketoacyl synthase alpha —13.41
subunit
SCO5088 actlORF2  Actinorhodin polyketide beta-ketoacyl synthase beta subunit —11.54
SCO5089 actlORF3  Actinorhodin polyketide synthase acyl carrier protein —8.87
SCO5090 actVIIl Actinorhodin polyketide synthase bifunctional cyclase/ —18.02
dehydratase
SCO5091 actlV Cyclase -14.39
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SCO1663 putative cysteinyl-tRNA synthetase MshC

SCO04151 putative acetyltransferase MshD

SCO04967 mycothiol conjugate amidase Mda

SCO1865 putative aminotransferase EctB

SCO1867 ectoine hydroxylase EctD

SCO0179 putative zinc-containing dehydrogenase

SCO00200 putative universal stress protein

SCO00204 putative luxR family two-component response regulator
SCO00216 nitrate reductase alpha chain NarG2

SCO00217 nitrate reductase beta chain NarH2

Fig.3 Abundance profile of ten proteins differentially produced between
the Asco2127 mutant and the parent strain M145 at both, exponential and
stationary growth phase. According to the color bar on top, protein
abundance in the deletion strain is indicated as red (high) and green
(low), respectively. Gray denotes the absence of data

The SC0O2127 deficient strain accumulates nitrite

In S. coelicolor M145, nitrite is produced by the nitrate reduc-
tase enzyme complex SCO0216-19. Moreover, nitrite induces
delay of growth and development, and negatively affects the
formation of ACT (Fischer et al. 2014), which resembles the
phenotype of the Asco2127 mutant (Fig. 2). Since the nitrate
reductase SCO0216 showed higher abundance in the
SCO2127 deficient strain, compared to M 145 at both exponen-
tial and stationary growth phases (Fig. 3), a colorimetric assay
was subsequently performed to determine quantitatively wheth-
er the mutant accumulated nitrite. Due to interference caused by
the presence of ACT, nitrite could not be determined in any of the
two strains at stationary phase (data not shown). However, more
than a threefold accumulation of nitrite was observed in the
Asco2127 mutant (10.34 + 0.51 nmol*ngCW_I), about the
parent M145 strain (3.08 = 1.39 nmol*mgDCW ) at exponen-
tial phase (Fig. 4).

The response regulator SCO0204 controls nitrite
formation in the Asco2127 mutant

Differentially expressed DNA-binding proteins points to rele-
vant sub-regulatory networks of the Asco2127 mutant, thus, a
phylogenetic footprint analysis was conducted to identify the
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Fig. 4 Influence of SCO2127 and SCOO0 204 on the production of nitrite
(filled bars) and actinorhodin (empty bars) in S. coelicolor

putative regulatory targets of SCO0204. The analysis consists
in retrieve the promoters of all orthologous of SCO0204 in the
class Actinobacteria to find the conserved elements using the
footprint-discovery tool (Janky and van Helden 2008a). The
resulting motif, i.e., a G + C rich inverted repeat 5'-
cAGGGCCGAtCGGCCCtg-3', was identified as the binding
site for regulatory gene sco0204 and was subsequently
searched in the promoter of genes corresponding to our dif-
ferentially expressed protein data set according to Turatsinze
etal. (2008). This bioinformatic approach showed the motif to
be located upstream of multiple genes, including sco0179,
5c00200, sco0204, and sco0216 (Table 2). Particularly, the
putative binding sites of SCO0204 discovered upstream of
the nitrate reductase-encoding gene sco0216 suggest that the
transcriptional regulator SCO0204 controls its expression and
ultimately the accumulation of nitrite in the Asco2127 mutant.

To validate our bioinformatic predictions, we generated the
double mutant Asco2127 Asco0204:aac(3)IV and evaluated
its nitrite production. As expected, the double mutant
displayed a 60 % decrease in nitrite accumulation compared
to the SCO2127 deficient strain (Fig. 4). As nitrite concentra-
tion in the double mutant was reduced, compared to the
Asco2127 single mutant, ACT production was improved over
10-fold in the Asco2127 Asco0204:aac(3)IV strain (Fig. 4).
Consistently, morphological differentiation of the double mu-
tant clearly enhanced over the Asco2127 strain (Fig. 2).

Discussion

The idea that SCO2127 plays an important role in
Streptomyces CCR is derived from the study of spontaneous
mutants resistant to grow in the presence of the glucose analog
2-deoxyglucose (DogR mutants) (Angell et al. 1992; Angell
et al. 1994; Guzman et al. 2005; Guzman et al. 2005).
However, such mutants exhibit, by their very nature, a variety
of genotypes (Ikeda et al. 1984), a situation that has been
practically ignored but that certainly has hindered the partici-
pation of the hypothetical protein SCO2127 in CCR and there-
fore its influence in the production of antibiotics. Whatever
the role of SCO2127 in this regulatory mechanism, in this
work, we have analyzed for the first time the markerless
Asco2127 mutant to avoid conclusions obtained from polar
effects. Also, this allows a better insight of the impact that
the protein encoded by SCO2127 has in the production of
actinorhodin specifically. The results obtained in this work
reveal that SCO2127 is necessary for the biosynthesis of
ACT in S. coelicolor. Further proteome profile analysis of
the Asco2127 mutant showed a differential abundance of sev-
eral proteins, including upregulation of the nitrate reductase
SCO0216, which has been confirmed to produce nitrite in
S. coelicolor (Fischer et al. 2014). Nitrite leads to the sponta-
neous formation of nitric oxide, a highly reactive, cytotoxic and
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Table 2 In silico identified

SC00204-binding sites upstream SCO number Putative binding site Position® Strand® Sig.
of depicted genes
SCO0179 GGGGGCCGACCGGCCCAA —-153 D 5.092
SC00200 CAGGGACGGTCGGCCCCG -101 D 6.260
SC00204 CGGGGCCGACCGGCCCTG —82 D 7.678
SC00216 CAGGGACCTTCGGCCCCG =55 D 5.337

In silico analysis was performed using the matrix-scan tool (Janky and van Helden 2008b)

#Start position of matching site with respect to the translation start site of the gene according to Bentley et al.

(2002)
°D, direct (coding strand)

¢ Significance, defined as sig = -log (P value)

lipophilic radical that reacts with DNA and proteins (Cooper
1999; Weiss 2006). Moreover, it was recently found that nitrite
prevented the formation of actinorhodin and induced a delay of
growth and development in S. coelicolor M 145 cultures (Fischer
etal. 2014). Thus, it is likely that the fall in actinorhodin forma-
tion and probably the impairment of morphological differentia-
tion showed by the Asco2127 strain can be due to a stress condi-
tion caused by an accumulation of nitrite.

In the M 145 strain, it has been observed that the lack of mshA,
mshC, and mshD produce an undetectable level of MSH and a
negative effect on morphological differentiation (Park et al.
2006). Therefore, we hypothesize that delayed morphological
differentiation observed in the deletion mutant is additionally
linked to downregulation of SCO1663 (MshC), SCO4151
(MshD) and probably SCO4967 (Mca), a key enzyme involved
in MSH-dependent detoxification (Park et al. 2006). As MSH is
required to sustain a redox balance (Buchmeier et al. 2003;
Newton et al. 2008; Hesketh et al. 2015), it is possible that the
Asco2127 mutant is defenseless against the effects of reactive
oxygen species likely produced from nitrite. As a result of either
nitrite accumulation or downregulation of some MSH biosyn-
thetic enzymes, it seems that the oxidative stress exhibited by the
deletion mutant further increased the abundance of SCO1865
and SCO1867, which are required for the biosynthesis of ECT
(Bursy et al. 2008). Although the presence of ECT is yet to be
determined, upregulation of these enzymes strongly suggests
that the Asco2127 strain likely produces ECT to stabilize its
proteins, nucleic acids or the cell membrane (Roychoudhury
et al. 2013). Consistent with this, it has been observed a higher
abundance of diverse enzymes involved in the biosynthesis of
ECT when S. coelicolor is exposed to stress originated by van-
comycin (Hesketh et al. 2015).

In addition to SCO0216, the proteins encoded by sco0179,
500200, sco0204, and sco0217 showed more abundance in the
deletion mutant. These genes are distributed along what ap-
pears to be the same genetic loci. Hence, they can be commonly
regulated. Upregulation of several genes located in virtually the
same region, as well as their corresponding proteins, including
the transcriptional regulator SCO0204, had been previously
identified in S. coelicolor under distinct genetic backgrounds
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(Gubbens et al. 2012; Daigle et al. 2015). Interestingly,
sco0204 is the only gene within this locus that codes for a
DNA-binding protein and therefore is a strong candidate to
carry out this regulation. SCO0204 shares 65 % of sequence
identity with SCO3818 (Wang et al. 2009), which suggests that
expression of the mentioned locus in the Asco2/27 strain may
also be under the influence of SCO3818. However, the absence
of SCO3818 in our datasets discards this possibility.
Identification of putative binding sites for SCO0204 up-
stream of several genes located mainly between sco0767 and
sco0219, including the nitrate reductase SCO0216 encoding
gene, reinforces the hypothesis that the expression of these
genes is under the control of SCO0204. In fact, the consensus
sequence, as well as the target genes identified in this work for
SCO0204, is strikingly similar to those recently obtained
using a different bioinformatic pipeline (Daigle et al. 2015).
Although most of the proteins belonging to the putative reg-
ulatory network of SCO0204 were not differentially produced in
the present study, the hypothetical involvement of this regulon in
response to stress (Daigle et al. 2015) fits well with the observed
accumulation of nitrite in the Asco2127 strain. Therefore, it can
be concluded that in the deleted mutant, the response regulator
SC00204 induces the expression of nitrate reductase and thus
the formation of nitrite, which has a negative impact on ACT
production. Further deletion of sco0204 in the Asco2127 strain
resulted in a decreased amount of nitrite since SCO0204 induces
nitrite production in the absence of SCO2127. In contrast, a sig-
nificant increment in ACT concentration was observed in the
Asco2127 Asco0204:aac(3)IV strain, accompanying nitrite
shortage. Although the specific production of ACT improved
significantly in the double mutant about the sco2127 deficient
strain, the ACT produced by the Asco2127 Asco0204:aac(3)IV
mutant did not reach the level shown by the M 145 strain. A
possible explanation of this event may result from the differential
abundance of other proteins associated with the absence of
SCO02127, for example, the low abundance of SCO5535. In
S. coelicolor, sco5535 codes for the carboxyl transferase subunit
of the acetyl-CoA carboxylase (Rodriguez et al. 2001), whose
main physiological role is the synthesis of malonyl-CoA.
Malonyl-CoA is an essential precursor for the production of
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many polyketide-based antibiotics, such as ACT (Hopwood and
Sherman 1990). Therefore, we assume that downregulation of
SCO5535 diminishes the activity of acetyl-CoA carboxylase and
thus the biosynthesis of malonyl-CoA, preventing the full recov-
ery of ACT in the Asco2127 Asco0204:aac(3)IV mutant.

Regarding the central carbon metabolism, deletion of
sco2127 also resulted in a differential abundance of diverse en-
zymes involved in gluconeogenesis and glycolysis. A previous
study showed that the flux of carbon through glycolysis and the
tricarboxylic acid cycle decreased in a S. coelicolor mutant that
does not produce the four endogenous antibiotics including ACT
(Coze et al. 2013). Hence, in addition to downregulation of
SCO5535, the inability of the Asco2127 Asco0204:aac(3)IV
mutant to recuperate the level of ACT observed in the M145
strain is consistent with additional changes originally caused by
deletion of sco2127, specifically the high and low abundance of
gluconeogenic and glycolytic enzymes, respectively.

Although an exhaustive analysis of the Asco2/27 mutant as
well as complementary studies, such as crystallization of the
SCO2127, is necessary to understand its physiological role.
This study highlights the use of genome-wide proteome anal-
ysis to describe the phenotypes caused by deletion of
uncharacterized proteins and specifically provides new insights
into the role of SCO0204 in the S. coelicolor M145 response to
stress and its impact on the production of antibiotics.
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