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Abstract: An efficient genetic transformation system and suitable promoters are essential prerequisites for gene
expression studies and genetic engineering in streptomycetes. In this study, firstly, a genetic transformation system
based on intergeneric conjugation was developed in Streptomyces rimosus M527, a bacterial strain which exhibits
strong antagonistic activity against a broad range of plant-pathogenic fungi. Some experimental parameters involved
in this procedure were optimized, including the conjugative media, ratio of donor to recipient, heat shock temperature,
and incubation time of mixed culture. Under the optimal conditions, a maximal conjugation frequency of 3.05x107° per
recipient was obtained. Subsequently, based on the above developed and optimized transformation system, the
synthetic promoters SPL-21 and SPL-57, a native promoter potrB, and a constitutive promoter permE' commonly used
for gene expression in streptomycetes were selected and their activity was analyzed using gusA as a reporter gene in
S. rimosus M527. Among the four tested promoters, SPL-21 exhibited the strongest expression activity and gave rise
to a 2.2-fold increase in 3-glucuronidase (GUS) activity compared with the control promoter permE*. Promoter SPL-57
showed activity comparable to that of permE*. Promoter potrB, which showed the lowest activity, showed a 50% de-
crease in GUS activity compared with the control permE'. The transformation system developed in this study and the
tested promotors provide a basis for the further modification of S. rimosus M527.
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1 Introduction including therapeutic molecules such as antibiotic

(Schlatter and Kinkel, 2015), antiparasitic (Cao et al.,

Streptomycetes are soil-dwelling Gram-positive
filamentous bacteria well known for their ability to
produce several bioactive secondary metabolites,
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2018), anticancer (Noomnual et al., 2016), and im-
munosuppressive agents (Yoo et al., 2017). Therefore,
Streptomyces species have important commercial
value in agriculture and medicine (Rey and Dumas,
2017; Kemung et al., 2018). Although Streptomyces
attract a great deal of attention in genetic engineering
and synthetic biology due to their outstanding ability
to produce various secondary metabolites, the limited
production and long fermentation period remain a
bottleneck for their further application.
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A strain of antagonistic microorganism named
Streptomyces rimosus M527 (China Center for Type
Culture Collection (CCTCC) M2013270) has been
isolated from the plant rhizosphere of wetlands. This
strain has been shown to produce rimocidin, a 28-
membered tetraene macrolide, comprising a large
lactone ring with a sugar moiety. Rimocidin exhibits
strong antifungal activity and is recognized as a
promising fungicide that can be used to control
plant-pathogenic fungi (Jeon et al., 2016). However,
systems for genetic manipulation of S. rimosus M527,
such as transformation of plasmids or gene over-
expression, have not been developed. This situation
hampers the genetic improvement of S. rimosus M527
using molecular biotechnological approaches. The
development of an efficient genetic transformation
method and expression system for this special strain is
essential for enhancing the production of rimocidin.

Intergeneric conjugation between Escherichia
coli and Streptomyces, has been proven to be a relia-
ble and efficient transformation method (Du et al.,
2012) and has been widely used as a means of trans-
ferring plasmids into Streptomyces strains (Zhou et al.,
2012). However, there is still no universal protocol
applicable to all Streptomyces strains.

Promoter elements are of indisputable importance
in gene expression systems because they are respon-
sible for efficient transcription, which is the first stage
of gene expression (Myronovskyi and Luzhetskyy,
2016). In Streptomyces, only a small number of native
promoters have been described (Luo et al., 2015; Li
et al., 2018). Promoter engineering, which is a strat-
egy for the design and construction of synthetic
promoters (Seghezzi et al., 2011; Siegl et al., 2013;
Sohoni et al., 2014; Ji et al., 2018) and engineered
native promoters (Wang et al., 2013; Kakule et al.,
2015; Yi et al., 2017), has been successfully em-
ployed to modulate and optimize gene expression in
Streptomyces. However, the transcriptional activity
of a promoter can change in different Streptomyces
hosts.

In this study, firstly, a reliable intergeneric con-
jugation system for S. rimosus M527 was developed
by optimization of experimental parameters including
the conjugative medium, heat-shock temperature,
ratio of donor to recipient cell number, and incubation
time of the conjugation plates. Subsequently, based
on the developed transformation system, plasmids

harboring different native promoters (permE* and
potrB) and synthetic promoters (SPL-21 and SPL-57)
were separately transferred into S. rimosus M527, and
their activity was determined using gusA4 encoding [3-
glucuronidase (GUS) as a reporter gene.

2 Materials and methods
2.1 Strains, plasmids, and primers

The strains, plasmids, and primers used in this
study are described and listed in Table 1. The rimo-
cidin producer S. rimosus M527 has been deposited
at the CCTCC (M2013270), Wuhan, China. E. coli
JM109 was used as a general host for gene cloning
and expression. E. coli ET12567 harboring plasmid
pUZ8002 was used as the donor for intergeneric
conjugation.

2.2 Media and culture conditions

E. coli strains were cultured in liquid or on solid
Luria-Bertani (LB) medium (Wang et al.,, 2018)
containing appropriate antibiotics at 37 °C. Apramy-
cin (50 ug/mL), chloramphenicol (25 pg/mL), ampi-
cillin (100 pg/mL), kanamycin (50 pg/mL), and na-
lidixic acid (50 pg/mL) were added as needed. S.
rimosus M527 and its derivates were incubated ac-
cording to the method described by Zhao et al. (2019).
S. rimosus M527 was incubated at 28 °C and grown in
solid mannitol soya flour (MS) medium (soya flour
20 g/L, mannitol 20 g/L, agar 20 g/L, tap water) for
sporulation. MS, tryptic soy broth (TSB), and 2CMC
solid media were used for conjugation. TSB medium
contains tryptone 17 g/L, soytone 3 g/L, D-glucose
2.5 g/L, NaCl 5 g/L, and K,HPO, 2.5 g/L (adjusted to
pH 7.5 by NaOH). 2CMC solid medium, which is
optimized based on 2CM medium (Wang, 2007),
contains starch 10 g/L, tryptone 2 g/L, NaCl 1 g/L,
(NH4),S04 2 g/, MgS04-7H,0 2 g/L, CaCO; 2 g/L,
casamino acids 2 g/L, K;HPO4-3H,0 1 g/L, FeSOy,-
7H,0 1 g/L, MgCl,-6H,0 1 g/, ZnSO,4-7H,0 1 g/L,
and agar 20 g/L (adjusted to pH 7.2 by NaOH).

S. rimosus M527 spores (1x10° mL™") were in-
oculated into a 250-mL Erlenmeyer flask containing
50 mL seed medium, and shaken at 28 °C and
180 r/min. The CP liquid medium used as seed me-
dium had the same composition as that described in
an earlier study (Zhao et al., 2018). Five percent of the
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Table 1 Strains, plasmids, and primers used in this study

Strain, plasmid, primer Description Source or reference
Strain
E. coli IM109 General cloning host Our lab
E. coli ET12567/pUZ8002  Cm', Km', donor strain for conjugation Our lab
S. rimosus M527 Parental strain, rimocidin producer CCTCC M2013270
M527-218 M527 with integrative vector pGUS-SPL-21 This work
M527-57S M527 with integrative vector pGUS-SPL-57 This work
M527-ES M527 with integrative vector pGUS-ermE” This work
M527-BS M527 with integrative vector potrB-GUS This work
Plasmid
pGUS-SPL-21 gusA under the control of synthetic promoter SPL-21 Siegl et al., 2013
pGUS-SPL-57 gusA under the control of synthetic promoter SPL-57 Siegl et al., 2013
pGUS-ermE”" gusA under the control of promoter permE" Siegl et al., 2013
potrB-GUS gusA under the control of promoter potrB This work
Primer
Pl 5'-ACGTCTAGAAGGCGGCCGTTGACCGCGAA-3' (Xbal) This work
P2 5'-ACGGGTACCGGCCGTCAGGATCTGCCGAT-3' (Kpnl)  This work

Primers P1 and P2 were used for amplification of of7B promoter. Xbal and Kpnl restriction enzyme sites are underlined

seed culture was inoculated into 50 mL fermentation
medium containing 1 g soya flour, 1 g D-mannitol,
and 0.03 g K,HPO,4-3H,0.

2.3 Construction of plasmids

Vectors pGUS-SPL-21, pGUS-SPL-57 and pGUS-
ermE" were gifts from Prof. LUZHETSKYY (Siegl
et al.,, 2013). The 300-bp o#rB promoter fragment
(potrB) (nucleotides —300 to —1 upstream from gene
otrB translational start codon) was amplified from
genomic DNA of S. rimosus M527 using primers P1
and P2 (Table 1). The PCR amplification procedure
was performed as described by Xu et al. (2017). The
synthetic promoter SPL-57 in vector pGUS-SPL-57
was removed by digesting pGUS-SPL-57 with Xbal/
Kpnl, and was replaced by Xbal/Kpnl potrB to create
the plasmid potrB-GUS. Sequencing of the inserted
fragment containing po#rB confirmed that the gene
contained no mutations.

2.4 Intergeneric conjugation procedure and anal-
ysis of exconjugants

Intergeneric conjugation between E. coli and
Streptomyces was conducted as described by
Phornphisutthimas et al. (2010) and Ma et al. (2014)
with minor modifications. S. rimosus M527 spores
(1x10* mL™") were collected from solid medium,
filtered by sterile absorbent cotton to remove mycelia
and then incubated at different test temperatures for

10 min to induce germination. A culture of the spores
was cultured in 2% yeast extract tryptone (YT) broth
(Ma et al., 2014) at 28 °C for 2 h. Then the spores,
serving as recipients, were washed twice with an
equal volume of LB broth and resuspended in 500 pL
fresh LB medium. The donor strain, £. coli ET12567/
pUZ8002 harboring the constructed plasmids, was
grown in LB with appropriate antibiotics until an
optical density at 600 nm (ODgy) of 0.4-0.6 was
reached. The cells were washed twice with LB and
resuspended in a final volume of 500 pL of LB. E.
coli donor cells and the recipients were mixed and
spread on 2CMC, MS, and TSB agar plates contain-
ing 10 mmol/L MgCl,. The plates were incubated at
28 °C for 10-20 h and overlaid with 500 pL fresh LB
medium containing 100 pg/mL nalidixic acid and
300 ug/mL apramycin. The plates were further in-
cubated at 28 °C for 3—4 d, and the exconjugants were
then counted. For conjugation with mycelia, S. 7i-
mosus M527 was incubated in CP liquid medium for
48 h at 28 °C. Mycelia were collected and mixed with
donor cells, and spread on the agar plates.

All the putative exconjugants were purified on
solid 2CMC plates supplemented with 300 pg/mL
apramycin to confirm the integration of the target
plasmids. After transferring into S. rimosus M527, a
constructed plasmid can be maintained only in a
chromosomally integrated state. Total exconjugant
DNA was isolated according to the methods
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described by Kieser et al. (2000). The existence of the
apramycin resistance (apr) gene from the constructed
plasmids in the chromosome of exconjugants was
verified by PCR amplification. The average value of
the conjugation frequency of three independent ex-
periments was calculated. Each conjugation experi-
ment was carried out three times.

2.5 GUS assay

GUS activity was measured according to a
method described previously (Myronovskyi et al.,
2011; Siegl et al., 2013; Xu et al., 2017). Spores of
recombinant strains were inoculated into 100 mL of
TSB liquid medium and grown in shaking flasks for
48 h at 28 °C. A 40-mL sample was collected into an
Eppendorf (EP) tube and dried at 60 °C. Another
40-mL sample was used for the GUS assay. The
culture was centrifuged, and the deposited cells were
collected and resuspended in 20 mL of GUS buffer 2
(50 mmol/L phosphate-buffered saline (PBS; pH 7.0),
5 mmol/L dithiothreitol (DTT), 0.1% Triton X-100,
1 mg/mL lysozyme). After incubating at 37 °C for
30 min, the lysates were subsequently diluted with
GUS buffer 1 (50 mmol/L PBS (pH 7.0), 5 mmol/L
DTT, 0.1% Triton X-100) to 45 mL and centrifuged at
11000 r/min at 4 °C for 10 min. A 500-uL sample of
the supernatant was mixed with 500 pL of GUS
buffer 3 (50 mmol/L PBS (pH 7.0), 5 mmol/L DTT,
0.1% Triton X-100, supplemented with 2 mmol/L
p-nitrophenyl-B-D-glucuronide), and the absorption
was spectrophotometrically measured at 415 nm for
30 min (UV-1800, Shimadzu, Japan). As a control,
500 pL of GUS buffer 1 was mixed with 500 pL of the
sample.

Specific enzyme activity is indicated as unit per
gram of protein. The following equation was used to
calculate the enzymatic activity (EA): EA=2V*xAA4;s/
14xDCW, where V equals the total end volume of the
sample (45 mL), AA4415 equals the absorbance which
was spectrophotometrically measured at 415 nm per
minute, and DCW equals the dry weight in grams of
the original sample size (40 mL). All experiments
were performed in triplicate, and the reported values
are the average from three assays with their calculated
standard deviations (SDs).

2.6 Statistical analysis

All experiments were carried out at least three
times, and the results were expressed as mean+

SD. Statistical analysis was performed using Student’s
t-test (Zhou et al., 2017).

3 Results

3.1 Development and optimization of intergeneric
conjugation transformation for S. rimosus M527

It has been reported that both mycelia and spores
of streptomycetes can be used as recipients in inter-
generic conjugation (Phornphisutthimas et al., 2010).
To determine the appropriate status of the recipient
for transformation efficiency, mycelia and spores of
S. rimosus M527 were assessed. When mycelia were
used as the recipient in conjugation, almost no ex-
conjugants appeared when using MS or TSB as the
conjugation medium. Exconjugants were obtained
only when 2CMC medium was used, and the conju-
gation efficiency was about 1x10°~1x10"". After using
spores as the recipient, exconjugants were generated
at a frequency of 1x107—1x10"°, an almost 100-fold
improvement compared with using mycelia as the
recipient. Our results confirmed that both spores and
myecelia of S. rimosus M527 could be used as recipient,
but the conjugation efficiency achieved with spores
was much higher than that obtained with mycelia.

The selection of an appropriate conjugation
medium has an obvious influence on the conjugation
efficiency in streptomycetes (Du et al., 2012; Sun
et al., 2014), so three applicable solid media, MS,
TSB, and 2CMC, were tested to determine the ap-
propriate medium. The 2CMC medium proved to be
optimal for the intergeneric conjugation of E. coli-
S. rimosus M527, whether mycelia or spores were
chosen as recipient (Table 2). Therefore, 2CMC
was used as the conjugation medium in follow-up
experiments.

It has been reported that an appropriate ratio
between the number of donor cells and recipient
spores is an important parameter in the case of
Streptomyces species (Enriquez et al., 2006; Ma et al.,
2014). In this study, 1x10° mL™" E. coli ET12567 as
donor cells and a range of S. rimosus M527 spores
( 1x10%-1x10° mLfl) as recipients were tested. When
the number of the spores reached 1x10” mL™", the
conjugation efficiency reached the highest value of
1.67x107° (Table 2), indicating that maximum effi-
ciency was achieved with a donor-to-recipient ratio of
10:1.
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Table 2 Effects of conjugation media and the number of
recipient spores on the efficiency of intergeneric conjugation

Table 3 Effects of heat-shock temperature on trans-
formation frequency

Conjugation Number of recipient Number of Conjugation

Heat-shock temperature Average transformation

medium spores (mL ) exconjugants frequency® (°C) frequency
MS 1x10° 330 3.30x107" 35 4.89x10°°
1x10° 168 1.68x107 40 7.66x10°°
1x10’ 64 6.40x107 45 1.08x107
1x10° 5 5.00x10°° 50 2.23x107°
TSB 1x10° 264 2.64x1077 55 1.67x10°
13108 106 1.06x10°° 60 8.39x10°°
1x107 28 2.80x10°° S. rimosus M527 spores (1107 mL™") were collected and heat-
1x10° treated at various temperatures for 10 min to induce germination
2CMC? 1x10° 583 5.83x107
1x108 397 3.97x10°° Table 4 Effect of different incubation time before the
1x107 167 1.67x107 plates were flooded with antibiotics on transformation
1x10° 13 1.30x10° frequency

“ Different kinds of medium were tested to determine the appropriate
medium. 2CMC medium was proven to be optimal for the conjuga-
tion of E. coli-S. rimosus M527.° 1x10* mL™ E. coli ET12567 donor
cells were used, and a range of S. rimosus M527 spores (1x10°-
1x10°) were tested as recipients. © Values are presented as the number
of conjugations per colony forming units of the recipient, and each
value represents the average efficiency from three independent
experiments

Heat-shock treatment of Streptomyces spores has
generally been carried out prior to mixing with donor
E. coli (Sun et al., 2014; Zhang et al., 2018). To de-
termine the optimal temperature for heat treatment
and incubation time of heat-shocked spores, the ef-
fects of temperature and different incubation time on
conjugation efficiency were investigated. In this
study, high conjugation efficiencies were achieved
when spores were treated at 45-55 °C for 10 min
(Table 3), and the efficiencies rapidly decreased when
spores were treated above 55 °C or below 45 °C.

In addition, before the plates are flooded with
fresh LB medium containing antibiotics, the incuba-
tion time of the mixed culture of Streptomyces and
E. coli plays an important role in conjugation effi-
ciency (Zhang et al., 2018). If the time of mixed cul-
ture is too short, Streptomyces mycelia grow weakly
and are easily scraped off, leading to a lower conju-
gation efficiency. Conversely, the longer the incuba-
tion time of mixed culture, the greater the possibility
of false positives, which hinders the selection of the
positive exconjugants. Our results demonstrated that
the optimal incubation time of mixed culture plates
was 12—18 h (Table 4).

The optimal conjugation conditions were de-
termined: pre-incubated S. rimosus M527 spores were

Incubation time (h)  Average transformation frequency

0-6 2.74x10°°
6-12 7.07%x10°°
12-18 3.05%107°
18-24 1.16x107°
24-30 5.13x107¢

S. rimosus M527 spores (1x10” mL™") in mixed culture with the
donor cells E. coli ET12567 (1x10° mL™") were incubated for
various lengths of time at 28 °C before the plates were flooded with
fresh LB medium containing antibiotics

selected as recipients, the appropriate donor-to-
recipient ratio was 10:1, and spores were heat-treated
at 50 °C for 10 min prior to mixing with donor E. coli
ET12567/pUZ8002. After incubating at 28 °C for
12—18 h, the plates were overlaid with 500 puL fresh
LB medium containing nalidixic acid and apramycin
(100 and 300 pg/mL, respectively). Incubation was
continued at 28 °C until exconjugant cells appeared,
and the highest efficiency of conjugation was
3.05x10° when 2CMC medium was used as the
conjugation medium.

3.2 Comparison of promoter activity in S. rimosus
MS527 using GUS as reporter

To test the transcriptional activity of four pro-
moters (synthetic promoters SPL-21 and SPL-57,
native promoter potrB, and constitutive promoter
permE*), gene gusA was used as a reporter gene and
was placed under the control of the tested promoters.
The construction of plasmid potrB-GUS was per-
formed as follows: the 300-bp otrB promoter frag-
ment was amplified from genomic DNA of S. rimosus
M3527 and replaced the synthetic promoter SPL-57 in
vector pGUS-SPL-57 to create plasmid potrB-GUS
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(Fig. 1). Plasmids potrB-GUS, pGUS-SPL-21, pGUS-
SPL-57, and pGUS—ermE* were separately introduced
into E. coli ET12567/pUZ8002 and then transferred
into S. rimosus M527 using the optimized interge-
neric conjugation conditions described above to gen-
erate exconjugants M527-BS, M527-21S, M527-57S,
and M527-ES, respectively. GUS activity was visible
in all resulting recombinant strains and compared
with that of the wild-type strain S. rimosus M527
(Fig. 2). Strains M527-21S and M527-BS exhibited
darker and lighter blue color than the other strains,
respectively. No significant difference in the intensity
of blue color was detectable in the recombinant strain
M527-57S or M527-ES.

Xbal Kpnl

| S—

potrB

Xbal
Kpnl

nyaR SPL.s,

pGUS-SPL-57

aac(3)IV

oriT

The GUS enzymatic assay, which precisely re-
flected the promoter strength, was performed to de-
termine the expression of these four promoters in
detail. In consideration of variation among different
exconjugants, three independent exconjugants were
selected for screening in the GUS assay. Promoter
SPL-21 exhibited the strongest expression activity
among the four tested promoters (a 2.2-fold increase
in GUS activity compared with permE") and promoter
potrB the weakest (a 50% decrease in GUS activity
compared with permE’). Promoter SPL-57 showed
the activity comparable to that of permE™ (Fig. 3). The
data were in accordance with aforementioned intui-
tive observations.

Xbal
Kpnl

potI’B

potrB-GUS
Xbal/Kpnl

aac(3)IV

ttP
2 oriT

Fig. 1 A map of plasmid potrB-GUS constructed in this study

GUS activity (U/
oN A O

M527-21S M527-57S M527-ES  M527-BS
Recombinant strain

Fig. 2 Visual observation of GUS activity in solid medium of wild-

type strain S. rimosus M527 and different recombinant strains

Colonies of wild-type strain M527, vector control strain M527" (con-
taining the empty plasmid pSET152), and recombinant strains (M527-ES,
M527-BS, M527-21S, M527-57S) containing different promoters were
covered with X-Gluc (1 mmol/L) on 2CMC medium and incubated at
28 °C for 3—4 d. Blue halos are 5,5'-dibromo-4,4'-dichloro-indigo, formed

by B-glucuronidase (GUS) activity

Fig. 3 Detection of GUS activity in different
recombinant strains

B-Glucuronidase (GUS) was used as a reporter
gene for examining protein synthesis. GUS activity
was measured in cell lysates of strains M527-21S,
M527-57S, M527-ES, and M527-BS from fer-
mentation broth. Data are expressed as mean+SD
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4 Discussion

There are three main genetic transformation
methods for Streptomyces: polyethylene glycol (PEG)-
mediated protoplast transformation, electroporation,
and intergeneric conjugation. To genetically engineer
S. rimosus M527, the most suitable transformation
system needs to be identified. In this study, the three
transformation methods were performed to introduce
plasmids into S. rimosus M527. The results showed
that the transformation efficiency obtained from in-
tergeneric conjugation was significantly higher than
those from the other two methods (data not shown).

Intergeneric conjugation between E. coli cells
and Streptomyces spores was initially reported by
Mazodier et al. (1989). The conjugation takes ad-
vantage of the donor E. coli ET12567 host with a
transfer function (tra gene in pUZ8002), which al-
lows for mobilization of a plasmid harboring an origin
of transfer (oriT). Conjugation is advantageous over
other Streptomyces transformation protocols for two
reasons: (1) it can readily transform large plasmids
with an oriT into a Streptomyces recipient; and
(2) many oriT-harboring plasmids allow direct inte-
gration into a chromosomal specific attachment site
(attB) (e.g., via int-attP on pSET152).

Intergeneric conjugation allows the transfer of
plasmids manipulated in E. coli into Streptomyces
spores. Thus, higher conjugation efficiencies have
been reported in several Streptomyces when spores
rather than mycelia were used. Mycelia are the veg-
etative and propagative forms of actinobacteria. Re-
cently, mycelia have shown potency in intergeneric
conjugation. Some research results concerning in-
tergeneric conjugation using mycelia as recipient
have been reported for several Streptomyces (Du et al.,
2012; Rocha et al., 2018; Zhang et al., 2018). The
conjugation conditions were highly strain-specific
and usually ineffective for different actinobacteria.
Due to interspecific variation, appropriate conditions
for intergeneric conjugation have to be developed and
optimized for each particular strain (Sun et al., 2014;
Wang and Jin, 2014; Zhang et al., 2018).

In this study, both the mycelia and spores of
S. rimosus M527 were chosen as recipients for estab-
lishment of intergeneric conjugation. The results
showed that conjugation efficiencies achieved with
spores were higher than those achieved with mycelia.

From the point of morphology, spores are more
suitable for the introduction or acceptance of plasmid
DNA than mycelia. In particular, plasmid DNA can
be effectively transferred from the donor to the re-
cipient through the germ tube when the spores are in a
germination state after heat-shock treatment, leading
to high conjugation efficiency.

MS medium is usually used for sporulation and
conjugation. Unfortunately, using the mycelia as the
recipient for conjugation failed despite considerable
effort. On TSB medium S. rimosus M527 grows well
but does not produce spores. This hampers subse-
quent conjugation. Whether spores or mycelia were
used as the recipient, the conjugation efficiency was
lower on TSB medium than on the other two media.
In this study, 2CMC medium was shown to be opti-
mal for the intergeneric conjugation of E. coli-S. ri-
mosus M527, whether mycelia or spores were chosen
as recipient. The components of 2CMC medium may
be more effective for conjugation. Some other ex-
perimental parameters involved in conjugation were
further optimized. Under optimal conditions, a maxi-
mal conjugation frequency of 3.05x107° per recipient
was obtained.

The conjugation transfer system developed in
this study provides a basis for the introduction of
genes into S. rimosus M527. However, the promoter
is a crucial element for gene expression. Selection of
a suitable promoter for gene expression is also im-
portant for further improving rimocidin production in
S. rimosus M527 using genetic engineering technol-
ogy. Promoter permE " is widely used for heterolo-
gous expression of genes in streptomycetes. Ji et al.
(2018) reported that the native promoter potrB was
stronger than permE* in S. rimosus. Also, two artifi-
cial synthetic promoters, SPL-21 and SPL-57, were
shown to be much stronger than permE" in different
Streptomyces. In Streptomyces diastatochromogenes
1628, SPL-57 showed activity comparable to that of
permE*. In contrast, promoter SPL-21 showed a 5.2-
fold increase in GUS activity compared with permE"
(Xu et al., 2017). One promoter may show different
transcriptional activity due to differences in the ge-
netic background of the host strain. In this study, two
synthetic promoters, SPL-21 and SPL-57, a native
promoter potrB, and a constitutive promoter permE"
were compared and analyzed for GUS activity. Similar
results were obtained from S. diastatochromogenes
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1628, in which the promoter SPL-21 showed the
strongest activity among the tested promoters, and

SPL-57 showed activity comparable to that of permE .

Surprisingly, the promoter potrB showed the lowest
activity compared with that of promoter permE’,
which is not consistent with the results reported by
Ji et al. (2018). This inconsistency may have been
caused by the different backgrounds or regulatory
mechanisms of the host strains.

Note that the constructed plasmids used for de-
tection of GUS activity of promoters were derived
from the pSET152 backbone. The effects of the dif-
ferent plasmids on GUS activity driven by the tested
promoters would have been excluded. In addition, the
whole genome was sequenced. The results of scan-
ning the genome sequence revealed that S. rimosus
MS527 contained a single copy of pSET152 integrated
at a unique chromosomal attachment site (a#tB). The
copy number of plasmid integration had no effect on
the gusA expression driven by the tested promoters.

5 Conclusions

In conclusion, in this study a genetic transfer
system based on intergeneric conjugation was de-
veloped and optimized for S. rimosus M527. The
activity of four promoters using gusA as reporter gene
was determined and analyzed. These four promoters
exhibited different expression activity and may be
classified as strong, medium, and weak, which will
facilitate fine-tuning of the expression of different
genes in S. rimosus M527. This work will provide a
basis for further modification of S. rimosus M527.
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B B @I REl TS E (Streptomyces

rimosus) M527 WIJB M GHBIRR, JEIIE
fith 4317 PUA B B F 1R IS TG

BUFT R AR AL AL RGNS IE 108 3) TR R A

DRI R R L DR AR I 0 T4 . |l T B 11 0
EERER, BEBBLRSHT WA &
FEmtE. Bk, AFFRES RN T —EEAT
S. rimosus M527 MR B GBI R, FRIEULEE
fith A3 BT HOAE T TUANS B B TR & . xR
BE— LB LB S. rimosus M527 BE5E 3Rt

¥ UL S rimosus M527 N5 %, B X ES KR

RARFI - HEERLESH (WRAHEB R

&

B, ARG, AR EEATR A R FRIN AR
BEAT TAUAC . FERLEERE b, W LL gusd ik it Bk
DRI JSORE, Jd i B € S B BA . GUS g Y
SE AT, AT FLE T YA A BT R IAE 1

W BT —MEYRIEAT S. rimosus M527 B 5 5%

BAR R, AL AR ik 3.05%107°, 4y
Frk A B, SRURBI T SPL-21 &
DL i s RIS VE R, L A R R S 3 T
permE WEVEREH 2.2 %, AKEET SPL-57 5
permE WIEVETE B EE R, WEESIT porrB (1
TEHELE permE TRIR T 50%.

REEW: REEHRE MS27, HAEM: BT GUS



