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o 1.3
. 7 N . o .
1.4 pH. .
1.1 pH 0.2 mol /L (KH,PO,
1.1.1 16 ( Stemona tuberosa K,HPO,) 2 ISP 2
Lour. ) 28°C 4d. ISP 2
2010 5 4°C o 7 d o NaCl
1.1.2 D 3% 5% 1% 10% (w/v) 1SP2
(TWYE) . (HV).IMA2 28C 4-74d
(SPA) 7 . 1.5 DNA .16S rRNA
(Nystatin) 100 mg/L. ( Nalidixic acid)
50 mg/L (K,Cr,0,)20 mg/L. @ Chun ° DNA
10.0 g 5.0 g 16S rRNA 27t 1492r.
5.0 g~ 2.0 g-NaCl 2.0 ¢g-K,HPO, 0.5 ¢g. PCR 1% o
MgSO,*7H,0 0.5g. 2.0 mL. 1.6 16S rRNA
1000 mL. pH o PCR o
1.1.3 16S rRNA GenBank
( Staphlococcus aureus) MRSA 14. BLAST
(Escherichia coli) EMBLs 4 — 1. MEGA ° N-J .
( Klebsiella pneumoniae) 5 - 1 1.7
( Pseudomonas aeruginosa) 6 — 1 10
; (Aspergillus funigatus) CGMCC 3. 772 ISP 2
(Candida albicans) CGMCC 2. 538 ISP 2 1d.3d
1.1. 4 :PCR 5 pL 6 mm
(Staphlococcus aureus MRSA
. 14) .
PCR LabCycler standard ( 1.8
SensoQuest) Bio+rad Gel-Doc2000; K1f M61r. KSAf KSAr. A3f ATr
Shimadzu SPD-M20A YMC ODS- Halo-B4+W  Halo-B7-RV
A 4.6 x 150 — mm; Thermo—Finnigan LCQ PKS [ .PKS II \NRPS e

DECA XP.
1.2 N
5
24 h o
ISP 2 28C
6
28C 2-8 &
ISP 2 28°C

20% -70°C o

PCR - PCR :PKS T :95°C 5 min;95°C 1
min 56°C 1.5 min 72°C 2 min;PKS I :95°C 5 min;
95%C 45 s 65°C 45 s 72°C 1 min;NRPS:95°C 5 min;

95°C 45 s 57°C 1 min 72°C 1 min; :94<C
4 min;94°C 1 min 58.5°C 1.5 min 72°C 1 min;
PCR 30 1%
1.9
1.9.1

1 em’ 100 mL
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500 mL 28°C 7 d
180 r/min. 2
1.9.2
HP-20 2 s 2.1
50 mL 1 /s
2 so o
2 mL 18 &
o 3 N
1.9.3 HPLC-UV/VIS-ESI-MS/MS o N
- HPLC Shimadzu SPD-M20A o
(PDA 190 —800 nm) 15 min 2.2 pH. .
50%  100% - Xbridge 10 pH4.0 - 10
ODS C18 4.6 x150 nm Shimadzu ; pH o
( ). ( ) 1.0 mL/min;
; 20 pL. ESI-MS/MS o
Thermo—Finnigan LCQ DECA XP / 3% NaCl :5% 7%
o 10% 14 12 o 1.
1 pH.
Table 1  The tests of the isolates for antimicrobial activity secondary metabolite genes and growth ranges
Growth range
Strain No. SA PA PKS I PKS 1I NRPS Halogenase
pH T/C e(NaC) / (% wiv)
FXJ3. 001 - - + - - 4-10 10 -37 0-10
FXJ3.002 - + + - - + 4-9 10 -37 0-10
FXJ3.003 + - + - + - 4-10 10 -40 0-7
FXJ3. 004 - - - - + + 4-10 10 -40 0-7
FXJ3. 005 - - - - + + 4-10 4 -40 0-7
FXJ3. 006 - - - - - + 4-10 4 -40 0-7
FXJ3. 007 + + + - - + 4-10 10 - 40 0-10
FXJ3. 008 + - N - + . 4-10 10 -40 0-7
FXJ3. 009 - + + - + - 4-10 10 - 45 0-5
FXJ3.010 - + + - + - 7 10 - 45 0-3
FXJ3.011 - + + - - - 4 -7 15 -37 0-10
FXJ3.012 N + + = N - 7-8 15 -45 0-10
FXJ3.013 - - - + - + 4-10 10 —-40 0-7
FXJ3.014 - + + + + - 4-8 37 -45 0-7%
FXJ3.015 - + + + + - 6-8 37 -45 0-5%
FXJ3.016 - + + + + - 4 -8 15 -45 0-5%
FXJ3.017 + - - + + + 4-10 10 - 40 0-7%
FXJ3. 021 - + + - + - 5-8 15 -37 0-10%
SA  Staphlococcus aureus; PA  Pseudomonas aeruginosa; + Positive; — negative.
2.3 16S rRNA N-J
165 rRNA ( > 1360 bp) 18 1. 10

( Streptomyces) ~
( Micromonospora ) -
( Pseudonocardia)
10 o

( Methylobacterium)

Streptomyces narbonensis (

99.0% —98.7%)
99.9% -99.6% )
(<0.01). 6

Streptomyces pactum (
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Micromonospora echinofusca

——
0.02

(<0.01).

551 FXI3.013 (JN683668)

59 L FXI3.017 (IN683672)
FXJ3.005 (TN683660)
FXI3.008 (JN683663)

FXJ3.006 (JN683661)
FXJ3.003 (JN683658)

100

FXJ3.004 (JN683659)

Streptomyces narbonensis NRRL B-1680T (DQ445794)
Streptomyces pactum NBRC 13433T (AB184398)
FXJ3.001 (IN683656)
57 [ FXJ3.002 (IN683657)
FXJ3.007 (JN683662)
100 [ Pseudonocardia alni IMSNU 20049T (AJ252823)

99

L— Fx13.021 (IN683673)

Micromonospora chaiyaphumensis MCS-1T (AB196710)
100 I_

Micromonospora echinofissca DSM 43913T (X 92625)
FXJ3.012 (JN683667)
75 ' FX13.016 (JN683671)
FXJ3.009 (IN683664)
FXJ3.010 (JN683665)
FXJ3.014 (JN683669)
FXJ3.015 (IN683670)

57
88

100 — Methylobacterium oryzae CBMB20' (AY683045)

1 16S rRNA

Fig. 1

L FXJ3.011 (IN683666)

NI

Phylogenetic N-J tree based on 16S rRNA gene sequences showing the positions of isolates. Bootstrap values (% ) based on 1000

resampled data sets are shown at the nodes; only values above 50% are given. The scale bar represents 0. 02 substitutions per site.
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Fig.2 HPLC analysis of secondary metabolites produced by strain FXJ3.017 and bioactivity of the primary peak.
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FXJ3. 017
MS analysis of the primary peak produced by strain FXJ3.017 (negative mode).
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Isolation classification and biosynthetic potential of
endophytic actinomycetes from Stemona

*

Hongli Luo' > Xianzhao Lin '* Limin Zhang' Ning Liu ' Ying Huang '
" State Key Laboratory of Microbial Resources Institute of Microbiology Chinese Academy of Sciences Beijing 100101
China

? College of Pharmaceutical Sciences Southwest University Chongqing 400715 China

’ College of Life Science and Technology Beijing University of Chemical Technology Beijing 100029 China

Abstract: Objective To isolate endophytic actinomycetes from earthnut samples of Stemona tuberosa Lour. collected
from Xishuangbanna Yunnan Province and to study the classification antimicrobial activity and secondary metabolic
potential of the isolates. Methods Samples were treated by a well-established surface-sterilized procedure and plated
on four selective media. The isolates were identified by morphology and 16S rRNA gene sequence analysis. Antimicrobial
activity of the isolates was tested using agar diffusion method. Secondary metabolite genes of PKS/NRPS and halogense
were detected by PCR amplification. HPLC-UV and VIS-ESI-MS/MS were used to analyze the fermentation product.
Results We obtained 18 actinomycete isolates from 6 Stemona earthnut samples. The isolates belonged to 4 genera
Streptomyces  Pseudonocardia  Micromonospora and Methylobacterium and 10 of them were streptomycetes. The isolates
also showed distinguish positive rates of antibacterial activity and secondary metabolite genes. Of them 13 strains showed
antimicrobial activity against Staphlococcus aureus and/or Pseudomonas aeruginosa. Of them 17 isolates were positive for
PKS/NRPS genes and 8 strains were positive for halogenase gene. Moreover the representative halogenase gene—positive
strain produced metabolites that had typical MS peaks of halogen absorption. Conclusion Based on the results of this
study the endophytic actinomycetes from Stemona dominant by Streptomyces and Micromonospora have good secondary
metabolic potential and could serve as a promising resource for bioactive metabolite discovery in the future.
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