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3.1. Time-course transcriptome profiling and genetic 
development 

The metabolic switch of Streptomyces from primary to 
secondary metabolism occurs with the growth phase transition 
from exponential to stationary phase. During exponential 
growth, Streptomyces produce metabolites required for cell 
maintenance. When essential nutrients, such as carbon, 
nitrogen, and phosphate are limited, Streptomyces stops 
growing and rearranges its entire metabolism to produce SMs 
using primary metabolites as building blocks. For example, S. 
coelicolor decreases the expression of genes related to protein 
biosynthesis and nitrogen metabolism during the metabolic 
switch, whereas the expression of genes encoding actinorhodin 
(ACT) and undecylprodigiosin (RED) BGCs are up-regulated.82,83 
The metabolic switch of Streptomyces is also associated with 
differentiation; for instance, the expression of development 
(e.g. sporulation) related genes increased during the early 
growth phase and started to decrease before the metabolic 
switch.82 Although the relationship between differentiation and 
secondary metabolism is poorly understood, in the case of ACT 
and RED, differentiation is known to activate production.84 
Overall, understanding this complex cellular process during 
growth is required to understand and optimise the production 
of valuable SMs. 

Reorganising metabolism during growth transition is 
achieved by altering large sets of gene expression. To profile the 
change in transcriptional dynamics according to growth, 
expression levels of the individual genes have been measured 
using RNA-Seq.69,78,85,86 During the metabolic switch, down-
regulation of translation machinery genes and up-regulation of 
genes related to stress response, especially nutrient depletion, 
were consistent between time-course transcriptomic profiling 
studies.69,85 Most Streptomyces species, including S. 
coelicolor,78 S. lividans,86 S. clavuligerus,69 S. xiamenensis,87 and 
S. fungicidicus88 are continually up-regulated in the expression 
of smBGC-encoded genes after exponential growth. However, 
not all smBGCs were activated during the metabolic switch. In 
particular, transcriptome profiling of S. albus J1074 at three 
different time points revealed that among the 22 smBGCs of S. 
albus J1074, only the ectoine BGC was activated during the 
metabolic switch and the remaining smBGCs were silent.85 
These results emphasise that each smBGC is subjected to 
complex and distinct regulations, and transcriptional profiling is 
necessary to determine whether smBGCs of interest are being 
expressed under certain experimental conditions. Additionally, 
time-course transcriptional profiling allows us to define rate-
limiting genes for SM production. For example, RNA-Seq 
analysis of S. fungicidicus TXX3120 at four different time points 
during fermentation revealed that genes involved in 
enduracidin biosynthesis were increased according to growth, 
except for a core biosynthetic gene, endC, which showed 
remarkably lower expression levels than others.88 Indeed, 
subsequent overexpression of endC enhanced enduracidin 
production by more than two-fold compared to the parental 
strain. 

Another use of time-course transcriptome data is for the 
rational development of genetic parts, especially promoters. 
RNA-Seq measures the transcriptional levels of all genes that 
are primarily determined by the promoter sequence of each 
gene; therefore, time-course RNA-Seq data allows for the 
screening of strongly and constantly expressed genes at 
multiple time points, of which promoters are reasonable 
candidates for constitutive promoters. To date, only a few 
strong constitutive promoters, commonly ermEp*, kasOp* and 
gapdhp, have been utilised for gene expression in Streptomyces, 
but their expression strength and consistency has been 
questioned repeatedly.89 Therefore, the identification of 
various native constitutive promoters is required for the reliable 
genetic engineering of Streptomyces. In the case of S. albus 
J1074, 32 candidates for strong promoters were discovered 
based on RNA-Seq data under two culturing conditions and two 
time points. A catechol 2,3-dioxygenase (XylE)-based 
examination of promoter strength revealed that 10 out of 32 
promoters have stronger expression levels than ermEp* and 
four promoters showed constitutive activity.90 Additionally, 
RNA-Seq-based rational selection of putative constitutive 
promoters from S. coelicolor M145, resulted in the discovery of 
166 putative constitutive promoters, which are likely to be 
constantly expressed in other Streptomyces, including S. 
venezuelae WVR2006 and S. albus J1074.89 

However, expressing smBGCs under strong constitutive 
promoters overlooks the metabolic switch of Streptomyces 
during growth. When smBGCs are strongly activated before the 
accumulation of building blocks from primary metabolism, 
efficient SM production is sometimes restricted and even toxic 
for cell growth.91,92 In this regard, the development of temporal 
promoters with various strengths is desirable for optimal SM 
production in Streptomyces. As far as we know, time-course 
RNA-Seq data-based temporal promoter development has not 
been reported, but there is a case based on microarray data. In 
this study, the overexpression of the actII-orf4 gene (the specific 
activator of ACT BGC in S. coelicolor) under nine constitutive 
promoters proved that ACT production level was weakly 
correlated with the strength of promoters.93 Consistent results 
were observed in the same experiment on jadJ, the jadomycin 
BGC activator of S. venezuelae. Expressing the two activators 
under the inducible promoters while altering the induction time 
and strength revealed that the induction time and strength are 
critical for optimal production of both ACT and jadomycin. In 
fact, inducible promoters are not suitable for industrial use 
because inducer treatment increases production costs. 
Therefore, through time-course transcriptome analysis, 24 
native promoters similar to the optimal induction condition 
with respect to strength and expression initiating time were 
selected. Among the promoters, 15 resulted in higher ACT 
production compared to an inducible promoter under optimal 
conditions.93 

Taken together, time-course RNA-Seq data have been 
utilised to understand the metabolic switch of Streptomyces 
during growth and to develop constitutive promoters with 
various strengths. Furthermore, the development of temporal 
promoters applicable to various Streptomyces species based on 






































