47 5 475 823~827

2007 10 4 Acta Microbiologica Sinica 4 October 2007
D62
13 2 1 1 * 2
! 100101
2 318000 3 100049
WST-8 165
42%
8% 54.5%
D62 6 Antimycin A, 1
Antimycin A;, 2 Antimycin Ay, 3  Antimycin A;, 4  10-hydroxy-10-methyl-dodec-2-en-1 4-olide 5 6- 2- 4-
aminophenyl -2-oxoethyl -3 5-dimethyl-tetrahydropyran-2-one 6 6
Q939 A 0001-6209 2007 05-0823-05
1
1
? 1993 Stierle ° 1.1
1.1.1 ISP-
2 Glucose -Yeast extract-Malt exiract agar
Bennett’ s agar LB
PDA
43 ISP-2
51% 1.1.2
38% ° ABCDES 165

Escherichia coli

Klebsiella pneumoniae Pseudomonas
79 aeruginosa Staphlococcus
aureus Staphylococcus

epidermidis 5

Aspergillus  fumigatus Bacillus
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~ 300 G Amersham
Sephadex LH-20 HPLC Agilent 1100
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Diaion HP-20
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1.2L 30L ISP-2
50L 28C 10m’/h
110 ~ 300r/min 7d
1.3.2 30L
95%
3
11.37¢g
100 ~ 200
95:5~60:40
I
I LH-20 CHCI3
HPLC MeOH:H,0 =64:36 UV = 254nm
1.6ml/min 1~4 R;; =16.9min 4.5mg

Ry, = 25.3min 3.1mg Ry = 27.2min 5.5mg Ry =
46.4min 1.9mg

200 ~ 300

130 HPLC

=95:5~70
MeOH :

H,0=85:15 UV =220nm 1.5ml/min
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MeOH:H,0=80:20 UV =220/254nm
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UVys
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Beckman DU-800 - IR
WQF.410 KBr NMR
Bruker DRX-400 TMS
ESI-MS HRFAB-MS Q-TOF Micro LC-
MS-MS  Bruker Daltonics APEX 1T FT-ICRMS
2
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1
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>
> >
165 70 42.4%
57 34.5%
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E3
2
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% Statistics of antimicrobial activities of endoph)tl(‘ actinomycetes
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1
Table 1

Antimicrobial activities of endophytic actinomycetes

Test microbe Number of active strains proportion

Strain No.

A5 Aof Bl C2 C2-1 D3 D5 D8 DI3 D14 D21 D22 D26 D27 D33

Bacillus subtilis 32 19.4% D38 E2 E3 E4 E6 E9 EI0 Ell EI5 E21 E22 E23 E26 E27 E34
E60 E37-1
Mycobaterium giloum 20 12.1% /}:ﬁ %is D:;O D]?;(;S DI);377>:ZZ E3 E9 E12 EI5 EI8 EI9 E21 E22 F4l
Staphylococcus aureus 11 6.7% B5 B6 C3 C7 C8 D61 D65 El EI9 E30 ES0
Staphylococcus epidermidis 53.0% A3 Bl C2 EI9 ES0
Escherichia colt 53.0% B2 C1I D30 E3 E8-1
Klebsiella pneumoniae 42.4% D30 E3 E8-1 ES0
Pseudomonas aeruginosa 1 0.6% E3
L) . B2 B3 C2 DI D3 D4 D14 DI5S D17 D21 D22 D26 D30 D35 D62
Candidia albicans 2 15.8% D63 E3 E9 EI0 EI2 EI9 E23 E25 E27 E60 E8-1
Aspergillus fumigatus 31.8% C2-1 CI1 E60
Fusarium oxysporum 10 6.1% A6f D1 D22 D30 D61 E3 E8 E9 E28 E8-1
Rhizoctonia solani 10 6.1% B2 B3 B4 C2 C2-1 C3 Cl12 DI5 D30 D33

2

Table 2 Diameters of inhibition zones of some

active strains against test microbes

Test microbe/diameter mm

Strain No.
SA SE EC KP PA MG BS CA AF FO RS
D30 - - 10 8 - 10 - 17 - 10 10
E3 18 - 12 14 10 >6022 22 - 12 -
E8 -1 - - 110 10 - - - 10 - 8 -
E9 - - - - - 18 14 10 - 16 -
E19 24 32 - - - 10 25 - - - <
E50 40 26 - 12 - 10 26 - - - -
SA  Staphylococcus aureus  SE  Staphylococcus epidermidis EC  E . coli
KP  Klebsiella  pneumoniae  PA  Pseudomonas aeruginosa ~ MG

Mycobaterium gilvum BS  Bacillus subtilis CA  Candidia albicans ~AF
Aspergillus fumigatus  FO  Fusarium oxysporum RS Rhizoctonia solani

— no inhibition zone.

2.2

21 144

(1)
25.1%

(1)
62.5%

( T )Negative
(1l) Weak to medium positive
(1) Strong to very strong positive

2

Fig.2 Distribution of antitumor activity of endophytic actinomycetes

2.3 D62
D62 Candidia
albicans A549
TLC
4
1.3.2
6
CDCL NMR 'H "C
DEPT 2D-COSY HMQC HMBC  NOESY
ESI-MS uv
IR 3
6 CAS-online
database 1~4

- Antimycin A
Antimycin A;,, 1 Antimycin A;, 2

Antimycin A,, 3 Antimycin A,, 4

12 5
Butanolides
15 16 6
S-
6
Cys Hyo
NO, HRFAB-MS M+ H * 262.1440 caled.
262.1438 UV A, M" 202 loge 4.49 298
loge 3.33 IR 1714.7em™' C=0 1665.5cm™'
1638.6cm™"  1599.5cm™"  1379.0cm™'
827.9cm™! 3461.7cm™"
3352.9cm™' " —NH,’ '"H-NMR CDCl, 400

MHz30:2: 72 bk vmr BB 2 15240 2Hodd i1 9o
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4 198 I1H m HS5 4.75 1H ddd 3.8 7.5
10.6 H6 2.96 1H dd 3.8 16.7 H-7a 3.36
IH dd 7.5 16.7 H-7b 7.81 1H d 8.7 H-10
6.64 1H d 8.7 H-10 6.64 1H d 8.7 H-10
7.81 1H d 8.7 H-10 1.21 3H d 6.8 H-15
1.04 2H d 6.8 H-16 4.17 s 12-NH2 " C-NMR

3

CDCL, 100 MHz & 175.9 s C-2 32.4 d C-3
35.11C4 32dC5 79.3dC6 41.5t C-7
194.5 s C8 151.4 s C-9 130.8 d C-10 113.8
d C-11 127.5 s C-12 113.8 d C-13 130.8 d
C-14 16.2 q C-15 17.9 q C-16

Table 3 Antitumor activity of endophytic actinomycetes

Activity Strain No. Sum  proportion
- B4 C4 C9 D7 D9 D30 D34 D38 D41 D45 D49~D52 D60 DX7 E8 E23 E24 E34 E48 17 10.3%
+ Cl D39-1 D40 D42 D42-1~D44 D48 D53 D54 D59 El E7 EIS E20 E27 E35 E39 E63 E71 20 12.1%
+ + A4 Aef C2-1 D33 D21-1 D35 D65 ES EIl E19 E24 E31 E44 ES1 E52 E60 E62 17 10.3%
+ + + Al A2 C2 C5 C8 DI0O D19 D21 D27 K4 E9 EI8 E21 E30 E33 E36 FA6 F4A9 ES5 ES8 20 12.1%
A3 A5 A6 A7 A8 B1~B3 B5~B9 C3 C6 C7 Cll1 CI2 D1~D6 D8 DIl DI3~DI8 D20 D22
++ + + ~D26 D28 D29 D31 D32 D39 D47 D55~D58 D61 ~D64 E2 E3 E6 E8-1 EI0 EI2 El4 El6 70 42.4%
E25 E28 E38 F40~E42 FE45 EA7 ES0 ES6 ES9
D37 EI3 EI15-1 E22 E26 E26-1~E26-3 E29 E32 E32-1 E32-2 E37 E37-1 K43 E E67 ~
ND ‘3 D66 EI3 ElS 6 E26 6-3 E29 E32 E3 3 37 E3 3 E65 E6 2 12.7%
E70
— Negative + weak positive + + medium positive + + + strong positive + + + + very strong positive . ND  not determined.
5
4 D62 3
Table 4 TLC performance of compounds from strain D62
Rf petroleum ether:
Dot No ar::tz(r)lzin:l :)1 r UVysy ANIS agent Compounds 4
1 0.6~0.7 disperse dot  fluorescent yellow 1~4
2 0.8 none violet=blue 5
3 0.85 weakly fluorescent  yellow 6
o
Yo 9 N\ D62
HN >\R1 .
JNH on o Q Streptomyces  rutgersensis Streptomyces
d o
° Re o albus Streptomyces exfoliatus
0 10-hydroxy-10-methyl-dodec-2-en-1,4-olide(5)
R, R, 165 YRNA
0
Antimyein Ayg(1) ‘< NN NH; D62 6
Antimycin A7,(2)
_< /\/Y ) 5
Antimycin Ay(3) —< NN K Antimycins 13~15
Antimycin Aq,(4) —<_ NS 6-[2-(4-aminophenyl)-2-oxoethyl]-3 5-dimelhyl-
tetrahydropyran-2-one(6)
3 1~6 12
Fig.3  Structures of compounds 1 ~6 S- S-
D62 o-
1
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Bioactivity of endophytic actinomycetes from medicinal plants
and secondary metabolites from strain D62

LIU Ning'° ZHANG Hui’ ZHENG Wen' HUANG Ying'® WANG Hai-bin>"
! State Key Laboratory of Microbial Resources Institute of Microbiology ~Chinese Academy of Sciences Beijing 100101  China
% Center of Technology —Hisun Pharmaceutical Co . Lid  Taizhou 318000 China
3 Graduate University of Chinese Academy of Sciences  Beijing 100049  China

Abstract It is believed that genetic recombination of the endophytes with the hosts that occurred in evolutionary time
could result in some endophytes producing certain phytochemical originally characteristic of the host. Based on this widely
accepted hypothesis  there have been increasing research efforts focused on screening for novel natural products from
endophytes. In this study antimicrobial and antitumor activities of 165 actinomycetes isolated from medicinal plants
collected from Xishuangbanna were tested by agar diffusion method and WST-8 assay respectively. The results showed
that over 42% of the isolates exhibited antagonism against pathogenic strains and 54.5% displayed excellent inhibition
against mouse melanoma cell line B16 or/and human alveolar epithelial cell line A549. These results are superior to those
of soil actinomycetes indicating tremendous potential of endophytic of actinomycetes for exploration. Six compounds that
had both antimicrobial and antitumor activities were separated and purified from isolate Streptomyces sp. D62 by resin
adsorption  silica-gel column and sephadex chromatography etc. On the basis of spectral analyses they were identified
as antimycin A,, 1  antimycin A;, 2 antimycin A,, 3  antimycin A;, 4  10-hydroxy-10-methyl-dodec-2-en-1 4-
olide 5 and 6- 2- 4-aminophenyl -2-oxoethyl -3 5-dimethyl-tetrahydropyran-2-one 6  with the last one defined as a
novel compound. Based on all these results it is convinced that endophytic actinomycetes are a promising resource for
bioactive natural product discovery.

Keywords endophytic actinomycetes antimicrobial activity antitumor activity secondary metabolites novel compound
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