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Abstract 

γ-Butyrolactones are small signalling molecules that regulate antibiotic 

production in streptomycetes. AfsA of S. griseus and related enzymes in other 

streptomycetes, such as ScbA in S. coelicolor, are key enzymes in the 

biosynthesis of these molecules, and catalyse the first condensation step of a 

fatty acid derivative and a glycerol derivative in the biosynthetic pathway. 

Amino acid residues E78, E240 and R243 in the putative active site of the ScbA 

protein have been identified as essential for enzyme activity. In this work we 

have constructed S. coelicolor strains with point mutations in the scbA gene 

located at its original position in the chromosome. This has resulted in 

identification of R81 as an additional essential residue in the ScbA putative 

active site. Furthermore, we have demonstrated that mutating the conserved 

R174 residue outside of the active site, in a putative structural loop, also 

resulted in loss of protein activity. This shows the importance of this residue in 

such an irregular structural motif, in the functionality of the ScbA protein. Our 

work provides a more detailed understanding of the complex structure–

function relationship of ScbA and related AfsA proteins.  
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Introduction 

Small signalling molecules called γ-butyrolactones play an important role in the 

regulation of antibiotic production and morphological differentiation in 

Streptomyces species. The Streptomyces coelicolor γ-butyrolactone signalling 

molecules (SCBs) are involved in the regulation of the production of the 

antibiotics Actinorhodin (Act) and Undecylprodigiosine (Red) (Takano et al., 

2001), and have a direct role in the regulation of the biosynthesis of the 

antibiotic coelimycin A and the structurally related yellow pigments coelimycin 

P1 and P2 (Takano et al., 2005, Gottelt et al., 2010, Gomez-Escribano et al., 

2012, Challis, 2014).  

The biosynthetic pathway leading to these signalling molecules has been 

described for Streptomyces griseus, producer of the first identified and most 

intensely studied microbial γ-butyrolactone, A-factor (Kato et al., 2007). AfsA is 

the key enzyme involved in the biosynthesis of A-factor and condensates a β-

keto acid derivative with a glycerol derivative (Kato et al., 2007). ScbA is the 

orthologous enzyme in S. coelicolor, sharing 65% amino acid identity with AfsA. 

ScbA is involved in SCB biosynthesis, evident from the effects of deletion of its 

gene from the chromosome of S. coelicolor: the scbA deletion mutant (M751) 

was unable to produce SCBs and showed an overproduction of Act and Red 

(Takano et al., 2001), and abolishment of production of the CPK antibiotic 

(Gottelt et al., 2010). Previously, several conserved residues in the putative 

active site of ScbA have been mutated by introducing point mutations in the 

scbA gene in an integrative plasmid in the M751 deletion strain. These scbA 

point mutant strains also were unable to produce SCBs, indicating the loss of 

ScbA enzyme activity (Hsiao et al., 2007).  

The gene encoding ScbA lies adjacent and divergently oriented from ScbR, 

encoding the SCB receptor protein. ScbR is an autorepressor that binds 

upstream of its own promoter region blocking its own transcription (Takano et 

al., 2001). ScbR also represses the growth phase-dependent transcription of 

scbA, and of cpkO, encoding an activator of expression of the CPK cluster, thus 

directly regulating the production of the CPK antibiotic (Takano et al., 2005, 

Gottelt et al., 2010). Expression of scbA and scbR is co-ordinately regulated: 

ScbA synthesises SCBs that bind to ScbR, blocking its DNA binding ability and 

thus allowing expression of both scbR and scbA (Chapter 2). Furthermore, ScbA 

also appears to control its own expression, since transcription of scbA was 
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abolished in a scbA deletion mutant strain which suggests that ScbA has an 

additional regulatory function (Takano et al., 2001).  

AfsA homologues are widely distributed in different Streptomyces species. 

Several of these AfsA homologues have been experimentally proven to 

participate in the synthesis of γ-butyrolactones by deleting their corresponding 

genes from the chromosome, resulting in loss of γ-butyrolactone production: 

BarX, in S. virginiae, producer of VBs (virginiae butanolide)(Lee et al., 2010); 

FarX, in S. lavendulae, producer of IM-2 (Kitani et al., 2010), JadW1 in S. 

venezuelae that produces SVB1 (Zou et al., 2014), ScgA in S. chattanoogensis 

(Du et al., 2011) and SagA in S. aureofaciens (Mingyar et al., 2015), producers 

of yet unidentified signalling molecules. All these mutant strains were affected 

in antibiotic production reflecting the role of these homologues in the 

regulation of secondary metabolism in their hosts. As AfsA, these homologues 

are thought to catalyse the first condensation step of a fatty acid derivative 

and a glycerol derivative in the biosynthesis of these signalling molecules. 

The ScbA protein sequence contains two AfsA repeats, characteristic of all AfsA 

homologues. These repeats have sequence similarity with the hot-dog domains 

characteristic of the superfamily of thioesterase/thiol ester dehydrase-

isomerase (Hsiao et al., 2007). FabA and FabZ are two fatty acid synthases 

members of this superfamily. Although they share weak overall sequences 

similarity with ScbA (15 and 13% of amino acid identity, respectively), the 

regions around the active sites of FabA and FabZ show significant similarity to 

the AfsA repeats of ScbA. Several catalytic residues and other conserved 

residues in the active site of the fatty acid synthases are also conserved in the 

AfsA repeats. Furthermore the hydrophobicity pattern of the AfsA repeats is 

similar to the active sites of FabA and FabZ. No crystal structure has been 

reported for any AfsA homologue or any other enzyme with high similarity; 

however, the crystal structures of FabA and FabZ have been determined. From 

their crystal structures, it is known that FabA and FabZ function as 

homodimers and contain two independent active sites located between the 

two subunits of the protein (Leesong et al., 1996, Kimber et al., 2004, Kostrewa 

et al., 2005). Given the considerable similarity of the putative active sites of 

ScbA with the FabA and FabZ active sites, a similar spatial arrangement of the 

two AfsA repeats is thought to occur in ScbA as well (Hsiao et al., 2007). 
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Alignment of the AfsA repeats of ScbA with those from other known 

homologues revealed several conserved residues (Hsiao et al., 2007). Residues 

E78 and E240 are conserved in both AfsA repeats of several AsfA homologues 

(Hsiao et al., 2007). Their equivalent residues in the FabA and FabZ active sites 

(an aspartate residue for FabA and a glutamate residue for FabZ) have been 

identified as catalytic residues (Leesong et al., 1996, Kimber et al., 2004, 

Kostrewa et al., 2005). The other catalytic residue described for FabA and FabZ 

is a histidine that is partially conserved only in the C-terminal AfsA repeat of 

the AfsA homologues but that is replaced by an arginine (R228) in ScbA 

(Leesong et al., 1996, Kimber et al., 2004, Kostrewa et al., 2005). Residues R81 

and R243 were also conserved in both AfsA repeats in the AfsA homologues 

analysed (Hsiao et al., 2007), but not in the FabA and FabZ active sites. These 

arginine residues may be determining the differences in function between the 

AfsA-homologues and FabA and FabZ. Residues E78, E240 and R243 have been 

mutated in scbA at its original locus in the chromosome which resulted in 

inability for SCBs production. This indicates a loss of enzyme activity confirming 

that they are essential residues (Hsiao et al., 2007, Hsiao, 2009). 

Although the involvement of the AfsA homologues in γ-butyrolactone 

biosynthesis in Streptomyces species is evident from gene deletion studies, 

little is known about their structure and actual function in the biosynthetic 

pathways of these signalling molecules. The enzymatic step catalysed by these 

enzymes has only been characterized for AfsA in S. griseus, and no crystal 

structures or mutagenesis studies for these proteins have been reported to 

date. In this work we identified conserved residues that are essential for the 

activity of ScbA. We have mutated conserved residues R81, R228 (in the 

putative active site) and R174, outside of the AfsA repeats, to assess their role 

in the activity of ScbA. Mutations R81K and R174H resulted in loss of SCBs 

production which lead to identify R81 and R174 as additional essential residues 

for ScbA protein functionality. Residue R174 was not located in the putative 

active site but in a predicted loop, which shows the relevance of such an 

irregular structural motif in the activity of the protein. These findings provide 

important new insights into the structure-function relationship of ScbA and the 

AfsA type of related proteins. 
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Materials and methods 

Bacterial strains and growth conditions 

Streptomyces coelicolor strains were grown and manipulated as described 

previously (Kieser et al., 2000). All the strains used are listed in Table 1. 

Escherichia coli strains JM101 and ET12567 were grown and transformed 

according to standard procedures (Sambrook et al., 1989). MS agar (Kieser et 

al., 2000) was used to make spore suspensions and for plating out 

conjugations.  

Construction of the scbA point mutants LW101, LW102, LW106 and 
LW146 

The QuikChange Site-Directed Mutagenesis protocol (Stratagene) was used to 

introduce the point mutations in the scbA gene (see table 1). The mutated 

scbA genes were subcloned into the NdeI/ BclI sites of pTE33 in case of the 

mutants LW101, LW102 and LW106, and in the PstI/NruI sites of pTE33 in case 

of LW146.  

The constructs were used to transform the methylation-deficient E. coli strain 

ET12567 and were transferred into S. coelicolor M145 by conjugation in order 

to introduce the mutated scbA gene in its original locus in the chromosome, by 

double cross-over recombination. Single cross-over exconjugants were 

selected by apramycin resistance, and after 3 rounds of growth in non-

selective media, double cross-over exconjugants were identified by screening 

for apramycin sensitivity to yield the mutant strains LW101, 102, 106 and 146.  

Reverse Transcription (RT)-PCR 

RNA was isolated according to the protocol described in Takano et al. (2005). 

Samples for RNA isolation were collected from liquid cultures of M145, M751, 

LW101, LW102, LW106 and LW146 grown in SMM medium at 30°C and 

220 rpm at mid-transition phase. cDNA synthesis was carried out as described 

in (Takano et al., 2005). Primers used are listed in Supplementary Table S2. 
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Table 1. Streptomyces coelicolor mutant strains with scbA point mutants at the original 
scbA locus in the genome, and primers used for scbA point mutagenesis (QuikChange 
Site-Directed Mutagenesis protocol, Stratagene). 

* pGEM-T cloning vector harboring scbA (Takano et al., 2001), ** pGEM-T cloning 

vector harboring scbA point mutant Arg243Lys (Hsiao, 2009). In bold and underlined, 

nucleotide change, *** pDRIVE cloning vector containing the scbA/scbR region (Bunet, 

2006). 

Kanamycin Bioassay 

Determination of γ-butyrolactone production in the various strains was 

performed by means of the kanamycin bioassay (Hsiao et al., 2009b). γ-

Butyrolactones were extracted with ethyl acetate from solid cultures of the 

different strains growing on 10 SMMS agar plates. These extracts were dried 

and resuspended in 40 µl of methanol. 5 µl were spotted onto DNA agar plates 

containing 4.5 µg/ml kanamycin inoculated with confluent lawns of the 

reporter strain LW16/pTE134 (2.6 x 106 spores). The plates were incubated at 

30°C for 2 days. For a detailed protocol see (Hsiao et al., 2009a).  This bioassay 

was performed on two biological replicates.  

Antibiotic production 

Media R2, SMMS (Kieser et al., 2000), and MSMMS (modified SMMS without 

casamino acids and supplemented with 325 mM glutamate (Gottelt et al., 

Strain Description  Source 

M145 Wild type  (Kieser et al., 2000) 

M752 
scbA deletion 

mutant 
 (Takano et al., 2001) 

Mutant 
strain 

Point 
mutation 

PCR 
template 

Primer 

LW101 Arg81Lys pIJ6143* 
F: TGCTGATCGCCGAGACCCTGAAGCAGGCGGCGATGCTCGT 
R: ACGAGCATCGCCGCCTGCTTCAGGGTCTCGGCGATCAGCA 

LW102 
Arg81Lys/ 
Arg243Lys 

pTE109** See LW101 

LW106 Arg228Ala pIJ6143* 
F: TCACCCGACCCTCTTCCAGGCCCCCAACGACCACGTACCG 
R: CGTGGTCGTTGGGGGCCTGGAAGAGGGTCGGGTGACTGGT 

LW146 Arg174His pTE71*** 
F: CAAGTCTACCGGCGGATGCACGGCGACTTCGCGACTC 
R: GAGTCGCGAAGTCGCCGTGCATCCGCCGGTAGACTTG 
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2010), were used to assess the antibiotic production of these strains in solid 

media. 1x108 spores of every strain were streaked out on the agar plates and 

incubated at 30°C. The plates were observed and documented at different 

times. Two independent experiments were performed.  
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Results 

Analysis of the ScbA model structure 

An updated version of the 3D structural model for ScbA (Hsiao et al., 2007) was 

constructed using the improved structure prediction tool Phyre2 (Kelley et al., 

2009) (Figure 1). The predicted structure consists of the two typical AfsA 

repeats. The putative active site of ScbA shows significant similarity with the 

active sites of the fatty acid synthases FabA and FabZ (Hsiao et al., 2007). Given 

this, and as shown in the model, it is likely that the ScbA structure is arranged 

in the same configuration as FabA and FabZ, and thus, the active sites appear 

to be located at the interface of the AfsA repeats. The region that connects 

both AfsA repeats is absent in both the FabA and FabZ dimers, but is present in 

other ScbA homologous proteins (see below). This connecting region appears 

as a loop in the model in Figure 1. Several types of loops have been described 

in literature (Ring et al., 1992, Fetrow, 1995). Loops are flexible structures and 

given their irregular conformation, structure prediction software cannot 

predict them accurately, and therefore it is not clear what type of loop ScbA 

presents or its precise position in the model. The residues targeted for point 

mutation in this and earlier studies (Hsiao, 2009) are shown mapped onto this 

structure in Figure 1.  

 
Figure 1. 3D structural model for the ScbA protein. The figure shows the predicted 
three-dimensional structure for ScbA showing the two AfsA repeats separated by a 
loop. Green, N-terminal AfsA repeat; Grey, C-terminal AfsA repeat; Dark blue, loop 
interdomain region. Residues T165 and T195 shown in light blue denote the loop 
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region. The residues mutated in this work and in (Hsiao, 2009) (E78, R81, R174, R228, 
E240 and R243) are shown with numbers and are depicted in red.  

The region that connects both hot-dog domains of the AfsA repeats is a 

conserved feature in the ScbA protein and its homologues: the sequence of the 

region between the AfsA repeats aligned well with the corresponding region 

from other ScbA homologues (Figure 2). Three strongly conserved amino acids 

were identified, Y170, R172 and R174, indicating that these residues are likely 

to be essential for the activity or structural integrity of the ScbA protein. No 

information about their functional roles is currently available.  

 

Figure 2. Alignment of the region between the two AfsA repeats in ScbA protein (31 
residues) with the corresponding regions of ScbA homologues in other 
Streptomycetes. Conserved residues are boxed. Amino acids are coloured on basis of 
their physico-chemical properties according to the Clustal X colour scheme. The 
residues conserved in all ScbA homologues analysed are indicated with an asterisk 
(Y170, R172 and R174). 

Construction of scbA point mutants in the S. coelicolor chromosome 

In this work, point mutations were introduced in scbA in its original locus in the 

chromosome of S. coelicolor to gain insight into the structure–function 

relationship of the key SCB biosynthesis enzyme ScbA.  

Residues R81, conserved in both AfsA repeats and not conserved in the FabA 

and FabZ active site, and R228, catalytic residue in FabA and FabZ, but 
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conserved only in the C-terminal AfsA repeat of ScbA, were replaced by lysine 

and alanine respectively (Figure 1). Some of the putative catalytic residues are 

present in both repeats, as is the case of R81 and R243. To assess the role of 

these repeated residues, a double mutant was also constructed, in which R81 

and R243 were both replaced by a lysine. The point mutated scbA genes were 

inserted in the chromosome of the wild type strain S. coelicolor M145 by 

double cross-over recombination thus replacing the wild type gene. Following 

this approach, mutant strains LW101 (R81K), LW102 (R81K/R243K) and LW106 

(R228A) were obtained that differed from the wild type M145 only by the 

point mutation(s) in the scbA gene, allowing phenotypical analysis of the 

effects of these mutations.  

We also targeted the conserved R174 residue located in the connecting region 

between the two AfsA repeats, in order to assess the function of a putative 

loop in the activity of the ScbA protein (Figure 1). Therefore, an additional 

ScbA mutant was constructed with the point mutation R174H. This mutation 

was inserted in the chromosome of the wild type strain M145 by double cross-

over recombination (thus replacing the wild type gene) to obtain the mutant 

LW146.  

The genotypes and description of all mutant strains used are shown in Table 1. 

Figure 3 shows a schematic representation of ScbA with the location of the 

different mutations.  

 

Figure 3. Schematic representation of the ScbA protein (arrow), and the location of 
the residues targeted by mutagenesis. The two putative AfsA repeats are shown as 
light grey boxes. Partial amino acid sequences of AfsA repeats are shown above ScbA. 
Partial sequence of the central region of the protein corresponding to a putative loop 
in the predicted 3D structural model for ScbA is shown below the protein. Conserved 
residues mutated in our experiments and in (Hsiao, 2009) are indicated in bold and the 
residue numbers are indicated on top.   
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All S. coelicolor mutant strains are unable to produce SCBs, except 
LW106 (R228K)  

The ability of the ScbA point mutant strains to produce SCBs was tested by 

means of the kanamycin bioassay (Hsiao et al., 2009b). Ethyl acetate extracts 

of the different strains were tested with this assay that makes use of a reporter 

strain, LW16 (scbA and scbR double deletion mutant), carrying the plasmid 

pTE134 that harbours a kanamycin resistance gene under the control of the 

cpkO promoter. The cpkO promoter is directly repressed by ScbR, also encoded 

on the plasmid. The presence of γ-butyrolactones in the extracts will result in a 

relief of the repression of ScbR over the cpkO promoter, and expression of the 

kanamycin resistance of the reporter strain. 

Mutant strains LW101 and LW146, with mutated putative catalytic residue R81 

(in the predicted active site) and residue R174 (in a putative loop connecting 

the AfsA repeats) respectively, failed to activate the growth of the reporter 

strain (Figure 4). This indicates that these strains are unable to produce SCBs 

and that residues R81 and R174 are essential for activity of the ScbA enzyme. 

Residue R243, corresponding residue to R81 in the C-terminal AfsA repeat, is 

also an essential residue (Hsiao, 2009). Not surprisingly, the double mutant 

LW102 (R81K/R243K) was also unable to produce SCBs. Interestingly, mutant 

LW106 (R228K) showed a halo of growth of the reporter strain around the spot 

where the extract was added indicating that this strain is able to produce SCBs 

(Figure 4). Although the R228 residue is highly conserved in one of the AfsA 

repeats, these results show that R228 is not an essential residue for the activity 

of the ScbA enzyme.  

 

Figure 4. Kanamycin assay for detection of SCBs production. Ethyl acetate extracts 
from the different mutant strains were spotted onto agar plates inoculated with the 
reporter strain. A halo of growth of the reporter strain indicates the presence of SCBs 
in the extracts. Methanol was used as a negative control.  

To analyse whether the mutated scbA genes are still expressed, we performed 

RT-PCR analyses. A scbA-specific PCR product was obtained for all strains 



 

ScbA point mutants 

151 

 

except for M751 (scbA deletion mutant) indicating that the other scbA mutant 

genes were expressed (Figure 5). It was previously reported that transcription 

of scbA was abolished in the scbA deletion mutant M751 which suggested that 

ScbA has an additional regulatory influence on its own expression (Takano et 

al., 2001). Our results show that residues R81 and R174, but not R228, are 

essential for the enzymatic activity of ScbA, and that none of the mutations 

affected the possible transcriptional regulatory function of ScbA. The observed 

lack of SCB synthesis in strains LW101, LW102 and LW146 thus is due to loss of 

ScbA enzyme activity. 

 

 

Figure 5. RT-PCR to determine the expression of scbA in the mutant strains LW101, 
LW102, LW106 and LW146. M, molecular weight marker; g, genomic DNA; 101, 102, 
106, 146, cDNA from the strains LW101, LW102, LW106 and LW146, respectively. 
Arrows indicate the amplification products for hrdB (expected size 550 bp) and for 
scbA (expected size 480 bp). 

Mutating conserved residues E78, E240, R81, R243 and R174 results in 
loss of coelimycin P2 production and affects Act and Red production  

The antibiotic phenotypes of all the scbA point mutant strains constructed in 

this work were compared to the wild type strain M145, to the scbA deletion 

mutant M751 and to the scbA point mutants described in Hsiao, 2009. All 

strains were grown on R2 and MSMMS solid media to observe the production 

of the pigmented antibiotics Act and Red, and the yellow pigment coelimycin 

P2. 

The mutant strain LW106 (R228A) was able to produce the yellow pigment 

coelimycin P2, comparable to the wild type strain M145. All the other strains 

showed absence of yellow pigment production, as observed for the scbA 

deletion mutant (Figure 6). Consistently, only LW106 was able to produce SCBs 
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(see section above and summary in Figure 6), while production of these 

signalling molecules in all the other mutant strains was not detected, which 

suggests that ScbA was not active. 

The point mutants were also affected in Act and Red production. LW101 

(R81K) and LW102 (double mutant R81K/R243K) showed an early production 

of both Act and Red, similar phenotype to the one observed for the scbA 

deletion mutant (Figure 6). The same antibiotic production profile was also 

obtained for the mutant strains LW29 (E78A) and LW30 (E240A) (Hsiao, 2009). 

The LW146 (R174H) phenotype also resembles that of ΔscbA, although 

production of Red was delayed in R2 medium. LW106 showed no difference in 

Act and Red production in comparison to the wild type, which agrees with the 

wild type production of SCBs in this strain.  

The observed phenotypes fully agree with the analysis of SCB production of 

the different strains. Together, the data show that residues R81, as well as 

R243, E78 and E240 (Hsiao, 2009), in the putative active site, are essential for 

ScbA activity for production of SCBs, while residue R228, conserved only in the 

C-terminal AfsA repeat, is not essential. Our data also corroborate that residue 

R174, not located in the putative active site but in a putative loop between the 

two AfsA repeats, is essential for the functionality of ScbA.  
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Figure 6. Phenotypes of the different S. coelicolor strains carrying chromosomal scbA 
point mutants. Production of Act, Red and Coelimycin P2 was studied on solid media 
(R2 and MSMMS). Production of SCBs as assessed by the kanamycin assay is indicated 
below the plates. Red, pink colouration; Act, blue and purple colouration; Coelimycin 
P2, yellow pigmentation. 

Phylogenetic studies with the putative loop in the ScbA interdomain 
region 

Replacement of residue R174 by a histidine resulted in loss of ScbA activity for 

the production of SCBs, thus suggesting that this residue is essential for ScbA 

functioning and that the putative loop between the two AfsA repeats has an 

important role for the activity of the enzyme.  

To further analyse this loop, a phylogenetic tree was constructed using the 

sequence between the AfsA repeats (amino acids 165 to 195) as input data. A 

Blast search was used to identify the homologues with the closest homology to 

the ScbA interdomain loop. The sequence of these homologues, as well as the 

sequence of some other characterised ScbA homologues were added to the 

phylogenetic tree (performed with the software MEGA6 (Tamura et al., 2013)). 

The ScbA interdomain loop clustered together with AfsA from S. lividans, and 

formed a separate group from the other closest homologues. The loops of the 
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other characterised enzymes (JadW1, ScgA, S. viridochromogenes AfsA, BarX, 

FarX, SrrX) formed a group together, more distant from ScbA. We compared 

the phylogenetic trees of the loops and the full sequences of ScbA homologues 

(Chapter 3) and observed that they have strong similarities (Figure 7). This 

result suggests that there is evolutionary pressure to conserve this loop and 

that therefore this putative loop is important for the activity or stability of 

these proteins.  
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Discussion 

ScbA is an AfsA homologue and key enzyme in the biosynthesis of γ-

butyrolactones in S. coelicolor (SCBs)(Hsiao et al., 2007). In this work, amino 

acid residues of ScbA were mutated in order to assess their function. This 

resulted in identification of two residues essential for the activity of the ScbA 

enzyme: residue R81, located in the N-terminal AfsA repeat in the putative 

active site, and residue R174, located in a putative loop connecting the two 

AfsA repeats. 

In a previous report, E78, E240 (corresponding residues in the N-terminal and 

C-terminal AfsA repeats respectively) and R243, conserved residues located in 

the putative active site of ScbA, had already been shown to be essential for 

enzyme activity (Hsiao et al., 2007, Hsiao, 2009). R81 and R228 also are 

conserved residues that were predicted to be functionally important for the 

protein (Hsiao et al., 2007). R81 is conserved in both AfsA repeats (with R243 

as its corresponding conserved residue in the C-terminal AfsA repeat), while 

R228 is only conserved in the C-terminal repeat. This paper reports the 

construction of additional scbA point mutants of these highly conserved 

residues and examines the effects of these mutations. Replacing these 

residues in scbA in its original locus in the chromosome confirmed the 

importance of residue R81 in the activity of the enzyme. Mutant LW101 (R81K) 

was unable to produce SCBs, and consequently did not produce the yellow 

pigment coelimycin P2, an amino acid adduct of coelimycin A biosynthesis 

pathway, production of which is directly activated by the SCBs. In contrast, 

mutant LW106 (R228K) produced SCBs and produced coelimycin P2, thus 

indicating that residue R228 is not essential for ScbA activity.  

Current knowledge about the structures of AfsA homologues is very limited 

and there are no reports of crystal structures for any of these proteins to date. 

The 3D structural model of the ScbA protein presented in this work, and as 

previously reported (Hsiao et al., 2007), shows that it presents two AfsA 

repeats in similar configuration as the crystal structures of the related fatty 

acid synthases FabA and FabZ. These fatty acid synthases function as 

homodimers with two independent active sites located at the dimer interface 

(Leesong et al., 1996, Kostrewa et al., 2005). The significant similarity between 

the AfsA repeats of ScbA and the region around the active sites of FabA and 

FabZ (Hsiao et al., 2007) suggests that the active sites of ScbA are located 



 

ScbA point mutants 

157 

 

between the two AfsA repeats. Alignment of the sequences of the connecting 

region between the AfsA repeats with those of other ScbA homologues 

showed that some residues in this region were strongly conserved. Here we 

show that the conserved residue R174 is essential for the activity of the ScbA 

enzyme: mutant strain LW146 (R174H) showed no SCBs production and was 

also unable to produce coelimycin P2. In addition, phylogenetic analysis of the 

sequence of this region in ScbA homologues showed similar clustering in the 

phylogenetic tree compared to the full sequence of ScbA, which suggests an 

important role for this region in the activity of the ScbA enzyme for production 

of SCBs. The 3D structural model also shows that the AfsA repeats in ScbA are 

connected by a loop. Loops have been reported to be essential for protein 

activity (affecting ligand binding, substrate specificity or substrate binding), 

protein stability and protein folding (Fetrow, 1995). Protein functionality 

depends on the correct folding of its structural motifs. Loops can participate in 

protein folding, although it is not yet known if loops are playing an active or 

passive role in folding (Fetrow, 1995). Whether the ScbA putative loop affects 

enzyme activity directly or instead helps to maintain the protein folding still 

has to be determined. 

ScbA is the key enzyme in the biosynthesis of SCBs, small molecules that are 

part of a complex regulatory circuit involved in controlling the timing of 

antibiotic production. The importance of ScbA and the SCB system in the 

production of Act and Red is evident from the remarkable differences in 

production observed when scbA and scbR were deleted from the chromosome 

(early overproduction and delayed production respectively) (Takano et al., 

2001). This was also evident in our results, since mutating conserved residues 

in the putative active site or in the loop of ScbA also resulted in changes in Act 

and Red production.  

This work provides insights into the structure–function relationship of the ScbA 

enzyme, essential for γ-butyrolactone biosynthesis in S. coelicolor, by mutating 

conserved residues in its putative active site and in a region connecting its two 

AfsA repeats. We have successfully identified additional residues that are 

essential for ScbA activity: residue R81, located in the N-terminal AfsA repeat, 

that may determine the functional differences between FabA and FabZ fatty 

acid synthases and AfsA homologues; and residue R174, which is located in the 

putative loop connecting region. This highlights the relevance of conserved 

residues in irregular motifs outside of the active site, in the activity or 
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structural integrity of a protein. These findings will contribute to a better 

understanding of the mechanism and function of ScbA and the AfsA 

homologues.  
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Supplemental Material 

 

Table S2. List of additional plasmids and primers used in this work 

Name Description Source 

pTE33 HindIII-XbaI 7.5 kb DNA fragment from 
pTE32 cloned in pKC1132 

Chapter 2 

 

Use Name Sequence 

RT-PCR 

 scbAscbC-fw 5´- AGTTCGACAGCCCGTGCTGG -3´ 

 scbAscbC-rv 5´- CCGCGCAGACCTCGACGTTC -3´  
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