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Genetic modification of an enramycin producing strain
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Abstract: [Objective] To enhance the production of enramycin by Streptomyces fungicidicus.
[Methods] In this study, the ribosomal S12 protein encoding gene rpsL which affects the secondary
metabolism and biosynthesis of antibiotics in enramycin producing strain of S. fungicidicus F1 was
changed through the method of site-directed mutation, during which the Lys43 was substituted for Asn
and Arg, respectively. And then the growth characteristics, synthesis of antibiotic and flask
fermentation performance of the modified strains were studied. [Results] The results showed that the
growth characteristics and physiological and biochemical characteristics of the modified strains were
significantly changed compared with the wild type strain. Sporulation cycle was shorten, spore was
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produced from wild type strain using MS medium under the condition of 28 °C for 5—7 days, but the
modified strains can produced large amounts of spore only after 3 days in the same conditions.
Enramycin yield was relatively increased. Under the flask formation condition, the enramycin
production of the modified strains of L-M1(Asn43) and L-M2(Arg43) can reach a maximum of
1 334 U/mL and 1 456 U/mL, respectively. Compared with the wild-type strain, it was improved by
11.9% and 22.1% separately. [Conclusion] Through the genetic modification, the yield of enramycin
was improved, which might provide a feasibility for the modification of other sites.

Keywords: Enramycin, Antibiotics, Streptomyces fungicidicus, Genetic modification, Ribosomal
protein S12, Site-directed mutation
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Table 1 Strains and plasmids

Strains and plasmids Characterizations Sources
Escherichia coli IM109 Host strain Laboratory stock
E. coli ET12567 pUZ8002 Km' Cml Laboratory stock
S. fungicidicus F1 Wild type Laboratory stock
S. fungicidicusL-M1 Lys(43) of gene rpsL to Asn This study
S. fungicidicusL-M2 Lys(43) of gene rpsL to Arg This study
pUCm-T Cloning vector Amp' Sangon Biotech
pKCI1139 Shuttle plasmid of Streptomyces and E. coli Apra’ repts Laboratory stock
Table 2 PCR primers
Primers Primer sequence (5'—3") Size (bp)
rpsLF1 GTGCCTACGATCCAGCAGCT 370
rpsLR1 TTACTTCTCCTTCTTGGCGC 370
rpsLF2 GCCGAGTTCGGCTTCTTCG 1 400
rpsLR2 ACAACCTGCAGGAGCACTCC 1 400
S12F1 CCGAATTCTGAACGGCAAGGCGGTCGC 1450
S12R1 GCAAGCTTGCAGGTCAAGTGAAGTGGTA 1450
MrpsLF1 ACCACCCCGAACAAGCCGAA 778
MrpsLR1 TTCGGCTTGTTCGGGGTGGT 671
MrpsLF2 ACCACCCCGCGGAAGCCGAA 778
MrpsLR2 TTCGGCTTCCGCGGGGTGGT 671
Apra-F1 AGGTAGCTGTATGGGGTGTTCC 820
Apra-R1 CATGTGCGCCGATATAAACAT 820
112 EFE: (E. coli) LB 1.1.3  EFERXFIFANE: DNA
2 (S. fungicidicus) MS ( )
(g/L) 20.0 20.0 20.0 DNA
2XYT [5] (g/L) 35.00
3.20 5.00 2.50 ( ) PCR
0.36 41.30 15.00 Eppendorf () P230II
0.50mL/L pH 6.2-7.0 (g/L)
140.00 1.00 35.00 1.2 S
2.50 5.00 0.065 121 MNFREHERESE F1 PE rpsL BE:
0.17 0.10 20.00 NCBI rpsL
a- 0.070 mL/L 5.00 mL/L Vector NTI
0.50mL/L pH 7.0-7.2 rpsL rpsLF1/R1 (

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



129

2) PCR rpsL PCR
25 pL  dNTPs (2.5 mmol/L) 4 uL
(10 umol/L) 2 puL 2 uL LATag DNA
polymerase (5 U/ulL) 1 pL. 50 uL PCR
95°C5min 95°C30s 55°C30s 72°C
72°C 10 min PCR
pUCm-T E. coli IM109

2xGC buffer

90s 30

rpsL rpsLF2/R2 (
2) PCR rpsL
PCR
pUCm-T E. coli IM109
SI2F1/R1(  2)
rpsL K-rpsL  PCR
PCR 95°CS5min 95°C30s 62°C
30s 72°C90s 30 72 °C 10 min
1.2.2 DNA REB9EIL. BEYD. SebE. #51k. Bk

ROHRER K 7 51 B9 E - DNA

[9]
1.23 ZEE PCR: rpsL Vector
NTI MrpsLF1/R1
MpsLF2/R2 ( 2) PCR
K-rpsL SI2F1  MrpsLR1
SI2R1  MrpsLF1 PCR

P1 P2 PCR 2xGC buffer 10 pL. dNTPs

(2.5 mmol/L) 2 pL. (10 pmol/L) 1 pL
1 uL LATag DNA polymerase (5 U/uL) 0.2 uLL

20 uL. PCR 95 °C 5 min
95°C30s 56°C30s 72°C90s 30 72 °C
10 min PCR P1 P2

3-5

S12F1/R1 PCR
K-rpsL MIl M2
PCR 1.2.1 M1 M2
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124 EEH#%:
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ET12567
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[10-11]
125 $EEEABIESR:
MS 28 °C 7d
1 cmXx1 cm

28 °C 200 r/min 48 h
50 mL/500 mL

20% 3 30 °C 200 r/min
10d
1.2.6 HPLC #MEBNBRA~E:
(4%
) 30 min 1h
2 000 mg/L
1400 1200 1000 800 600 400 200 mg/L
10 mL 8 000 r/min 5 min
10 mL
30 min I h 8000 r/min 10 min
4°C HPLC
Cis (4.6 mmx150 mm @&=5 pum)
30 °C 20 uL 267 nm
:NaH,PO, (50 mmol/L)=3:7
pH 4.5 1.0 mL/min
2 SR540Hh
21 REEREFIERFIIFLE
PCR rpsL M1
M2
vector NTI
1
1 M1
M2 43
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rpsL VPTIQQLVRKGRQDKVEKNKTPALEGSPQRRGVCTRVFTTTHKIKPNSALRKVARVRLTSG 60

M1 VPTIQQLVRKGRQDKVEKNKTPALEGSPQRRGVCTRVFTTT
M2 VPTIQQILVRKGRQDKVEKNKTPALLEGSPQRRGVCTRVFTTT

'NSALRKVARVRLTSG 60
PNSALRKVARVRITSG 60

rpsL IEVTAYIPGEGIINLQEIHSIVLVRGGRVKDLPGVRYKIIRGSLDTQGVKNRKQARSRYGAK 120
M1 IEVTAYIPGEGIHNLQE!HSIVLYRGGRVKDLPGVRY KIIRGSLDTQGVKNRKQARSRYGAK 120
M2 IEVTAYIPGEGIINLQEIISIVLVRGGRVKDLPGVRYKIIRGSLDTQGVKNRKQARSRYGAK 120

rpsl.  KEK
Ml KEK
M2 KEK

E1 FErpsL ERSRTER M1 0 M2 S EERF5I b

Figure 1 Amino acid sequence alignment of rpsL and M1 and M2
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Figure 2 Agarose gel electrophoresis of spore PCR
production of Apra”

M 10 kb marker 0 pKCI1139 1 Ml

2 M2 3

Note: M: 10 kb marker; 0: pKC1139 control; 1: Type M1 positive
trans-conjugant; 2: Type M2 positive trans-conjugant; 3: S.
fungicidicus F1 control.
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24 RTERRIAEEWER HPLC 547

3 Ml
4 M2
HPLC M1
1 334 U/mL
B3 #FHEHLTRENZTR 11.9%( 3) M2
Figure 3  The switching streak plate of conjugation 1456 U/mL
transformant
A MS B MS 22.1% ( 3)
Note: A: MS medium without apramycin; B: MS medium with
apramycin. S12
rpsL 43
43
20%
25 ErFRTERERREES N
L-M1-2 L-M2-1
4°C
L-M1-2 1-5
100% 99.3% 98.2% 100.3% 99.1%
L-M2-1 1-5
100% 97.4% 99.5% 99.3% 101.2%
4

B4 REERSTFEERTRENNER

Figure 4 The sporulation ability of modification strain
and wild strain

R3 BUBRSFEMI—R

Table 3 Enramycin yield comparison table

Strain number Fermentation time (d) Enramycin yield (U/mL) Increase rate (%)
F1 10 1192423 0
L-M1-1 10 1318426 10.6
L-M1-2 10 1334429 11.9
L-M1-3 10 1329421 11.5
L-M2-1 10 1456434 221
L-M2-2 10 1442425 20.9
L-M2-3 10 1435428 20.4
L-M2-4 10 1423426 19.4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



132 WA 384K Microbiol. China

2017, Vol.44, No.1

3 g
S. fungicidicus F1
S12 rpsL
43 (Lys) (Asn)
(Arg)
L-M1 L-M2 F1
11.9% 22.1%

2 % X u

[1] Higashide E, Hatano K, Shibata M, et al. Enduracidin, a new
antibiotic. 1. Streptomyces fungicidicus No. BS5477, an

[2]

[3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

enduracidin producing organism[J]. The Journal of Antibiotics,
1968, 21(2): 126-137
McCafferty DG, Cudic P, Frankel BA, et al. Chemistry and
biology of the ramoplanin family of peptide antibiotics[J].
Biopolymers, 2002, 66(4): 261-284
Yin XH, Zabriskie TM. The enduracidin biosynthetic gene
cluster from Streptomyces fungicidicus[J]. Microbiology, 2006,
152(Pt10): 2969-2983
Pedroso AA, Menten JF, Lambais MR, et al. Intestinal bacterial
community and growth performance of chickens fed diets
containing antibiotics[J]. Poultry Science, 2006, 85(4): 747-752
Wang JL, Xu MY, Shi TG, et al. UV mutagenesis for high-yield
enramycin producing strains[J]. Industrial Microbiology, 2015,
45(5): 23-28 (in Chinese)

[J]. ,2015,45(5): 23-28
Ochi K, Okamoto S, Tozawa Y, et al. Ribosome engineering and
secondary metabolite production[J]. Advances in Applied
Microbiology, 2004, 56: 155-184
Hesketh A, Ochi K. A novel method for improving Streptomyces
coelicolor A3(2) for production of actinorhodin by introduction
of rpsL (encoding ribosomal protein S12) mutations conferring
resistance to streptomycin[J]. The Journal of Antibiotics, 1997,
50(6): 532-535
Okamoto-Hosoya Y, Sato TA, Ochi K. Resistance to
paromomycin is conferred by rpsL mutations, accompanied by
an enhanced antibiotic production in Streptomyces coelicolor
A3(2)[J]. The Journal of Antibiotics, 2000, 53(12): 1424-1427
Sambrook J, Russell DW. Molecular Cloning: A Laboratory
Manual[M]. 3rd Edition. New York: Cold Spring Harbor
Laboratory Press, 2002
Kieser T, Bibb MJ, Buttner MJ, et al. Practical Streptomyces
Genetics[M]. Norwich: The John Innes Foundation, 2000
Fang ZK, Hong WR, Yan LB, et al. Construction of the conjugal
transfer system of Streptomyces aureofaciens[J]. Journal of
Fujian Agriculture and Forestry University (Natural Science
Edition), 2011, 40(5): 521-524 (in Chinese)

. : ,2011, 40(5): 521-524

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



