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in Streptomyces lividans. In this study, we gained an increase of 38% in the production of natamycin (3.56 g/L) in an
industrial strain Streptomyces gilvosporeus TZ1401 through the integration of pHL851 that bears the afsRS, global
regulatory genes into its genome. We discovered by quantitive real-time reverse transcription PCR (qRT-PCR) that the
expression of 6 genes of the natamycin biosynthetic gene cluster were improved from 1.9 to 2.7 times. This suggests that
afsRS.), improve the production of natamycin through increased transcription. This study provides a good example for
applying afsRS¢, in high yield breeding of industrial antibiotic producers.

Keywords:  afsRS, global regulatory genes, industrial strain Streptomyces gilvosporeus TZ1401, Natamycin,
fermentation, quantitive real-time reverse transcription PCR
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Fig. 1 The natamycin biosynthetic gene cluster from S. gilvosporeus.
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Table 1

Primers used in this study and their

nucleotide sequences

Primer Nucleotide sequence (5'-3")
afsRS-F GTCCGTGTACGCCTCCTTGT
afsRS-R CGACCTCGATGTGATGTCCC
Apr-F TGGGCAGGTACTTCTCCTCG
Apr-R GCATCGCATTCTTCGCATC
hrdB-F GCACATCCCGTACGCTCCCG
hrdB-R CTCGAAGGCCCGACGCACGT
pimS1-F GCTACGACTTCCACACCGAG
pimS1-R CTGGAAGTGGGGACCGTAGT
pimS3-F GCAGGGCTGATCAAGATGAT
pimS3-R GCCACTCCTGAGGCTCCGTC
pimM-F ATGACGGGCGTGACGAATC
pimM-R CGAGCCTTGATAGAACATTGACC
pimI-F ACGACCCCAAGACCACGCTG
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Fig. 2 Detection of afsRSg, (A) and aac(3)/l/ (B) in the recombinant strains by PCR. M: DNA marker; 1-8: 8 strains
TZ1401/pSET152; 9—-15: 7 strains TZ1401/pHL851; 16: control TZ1401; 17: control plasmid pSET152; 18: control
plasmid pHL851.
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carrying pSET152 or pHL851. Each data bar represents X +S from four independent samples.

cjb@im.ac.cn

749




750

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2015 Vol.31 No.5
4 -
2 3 TZ1401 afsRScia 38%
E &= TZ1401/pSET152 afsRS
[ .
L T
2ol ; TZ1401/pHL851 6
g g 2
= Y
2 1 B ’ astSC|a
/
& 0 = EeR e feed % ped d
pimS1  pimS3 pimM  piml  pimJ  pimK [15,23] afsRS,,
Cla
4 QgRT-PCR 47 afsRS, 33 4t B R E fR 4 R afsRya AfsR
RO AfsR DNA
Fig. 4 Analysis of the effect of afSRSy, on transcription of s
the natamycin gene cluster by qRT-PCR. TZ1401 was used ATPase AfsR
as calibrator. hrdB was used as the internal control. Each afsS
data bar represents X £S from three independent samples. cla
ATP
AfsS
afsR .y
pim
Streptomyces coelicolor A-
[20-21] Streptomyces
peucetius afsR
afsR afsRSc|a
(Doxorubicin) alsRSeia
Streptomyces
: . [22]
griseus (Streptomycin)
REFERENCES
afsR
[1] Aparicio JF, Colina AJ, Ceballos E, et al. The
afsRSga biosynthetic gene cluster for the 26-membered ring
polyene macrolide Pimaricin. J Biol Chem, 1999,
(6] 274(15): 10133-10139.
[2] Pedersen JC. Natamycin as a fungicide in agar media.
Appl Environ Microbiol, 1992, 58(3): 1064-1066.
[3] el-Enshasy HA, Farid MA, el-Sayed el-SA. Influence
171401 of inoculum type and cultivation conditions on
natamycin production by Streptomyces natalensis. J
afsRSj, TZ1401 Basic Microbiol, 2000, 40(5/6): 333-342.

http://journals.im.ac.cn/cjben



BIEE F/RIFXRIEL afsRS. BMHREERRS T EKNMESE~E

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Du YL, Chen SF, Cheng LY, et al. Identification of a

novel Streptomyces chattanoogensis L10 and
enhancing  its  natamycin  production by
overexpressing positive regulator ScnRII. ]

Microbiol, 2009, 47(4): 506-513.

Chen GQ, Lu FP, Du LX. Natamycin production by
Streptomyces gilvosporeus based on statistical
optimization. J Agric Food Chem, 2008, 56(13):
5057-5061.

te Welscher YM, ten Napel HH, Balagué MM, et
al. Natamycin blocks fungal growth by binding
specifically to ergosterol without permeabilizing the
membrane. J Biol Chem, 2008, 283(10): 6393—6401.
ODay DM, Head WS.
management of keratomycosis and Acanthamoeba
keratitis. Cornea, 2000, 19(5): 681-687.

Vicente CM, Santos-Aberturas J, Guerra SM, et al.
PimT, an amino acid exporter controls polyene

Advances in the

production via secretion of the quorum sensing
pimaricin-inducer ~ PI-factor in  Streptomyces
natalensis. Microb Cell Fact, 2009, 8(1): 33.

Kim BS, Cropp TA, Beck BJ, et al. Biochemical
evidence for an editing role of thioesterase II in the
biosynthesis of the polyketide pikromycin. J Biol
Chem, 2002, 277(50): 48028—-48034.

Aparicio JF, Caffrey P, Gil JA, et al. Polyene
antibiotic  biosynthesis gene clusters. Appl
Microbiol Biotechnol, 2003, 61(3): 179-188.
Martin JF, Aparicio JF. Enzymology of the
polyenes pimaricin and candicidin biosynthesis.
Methods Enzymol, 2009, 459: 215-242.

Tanaka A, Takano Y, Ohnishi Y, et al. AfsR
recruits RNA polymerase to the afsS promoter: a
model for transcriptional activation by SARPs. ]
Mol Biol, 2007, 369(2): 322-333.
Matsumoto A, Hong SK, Ishizuka H,
Phosphorylation of the AfsR protein involved in

et al.

secondary metabolism in Streptomyces species by a
eukaryotic-type protein kinase. Gene, 1994, 146(1):
47-56.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

A, Takano Y, et al
Phosphorylation of AfsR by
serine/threonine kinases in Streptomyces coelicolor
A3(2). Gene, 2004, 334: 53-61.

Lee PC, Umeyama T, Horinouchi S. afsS is a target

Sawai R, Suzuki

multiple

of AfsR, a transcriptional factor with ATPase
activity  that
metabolism in Streptomyces coelicolor A3(2). Mol
Microbiol, 2002, 43(6): 1413-1430.

Chen L, Wang Y, Guo H, et al. High-throughput
screening for Streptomyces antibiotic biosynthesis
activators. Appl Environ Microbiol, 2012, 78(12):
4526-4528.

Kieser T, Bibb M, Buttner M, et al. Practical
Streptomyces  Genetics. John
Foundation Press, 2000.

Bierman M, Logan R, O'Brien K, et al. Plasmid
cloning vectors for the conjugal transfer of DNA
from Escherichia coli to Streptomyces spp.. Gene,
1992, 116(1): 43-49.

Livak KJ, Schmittgen TD. Analysis of relative gene

globally  controls  secondary

Norwich: Innes

expression data using real-time quantitative PCR and
the 272°“T method. Methods, 2001, 25(4): 402-408.
Horinouchi S, Hara O, Beppu T. Cloning of a
pleiotropic gene that positively controls biosynthesis
of A-factor,
Streptomyces coelicolor A3(2) and Streptomyces
lividans. J Bacteriol, 1983, 155(3): 1238—1248.

Horinouchi

actinorhodin, and prodigiosin in

S, Beppu T. Production in large
quantities of actinorhodin and undecyl-prodigiosin
induced by afsB in Streptomyces lividans. Agric
Biol Chem, 1984, 48(8): 2131-2133.

Parajuli N, Viet HT, Ishida K, et al. Identification
and characterization of the afsR homologue
regulatory gene from Streptomyces peucetius ATCC
27952. Res Microbiol, 2005, 156(5): 707-712.
Horinouchi S. AfsR as an integrator of signals that
are sensed by multiple serine/threonine kinases in
Streptomyces coelicolor A3(2). J Ind Microbiol

Biotechnol, 2003, 30(8): 462—467.
(AT WR 2 57)

cjb@im.ac.cn

751




