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MDY 7 7 B3R 2 MCRAE 4 50 73 (pH 5. 5 -
7.2), NI JE L R CR S A& 50
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25 mg/L, HlBH & 100 mg/L, iR FEH 50 mg/L, 4%
WERANE 25 mg/L, YIM 171" (B BH -1 4 B
B L) cHh 10 mL, [ 4BERZ 1 g, K, HPO, - 7H,0
1 g,MgSO, - 7H,0 0.5 g,CaCO, 0.3 g, HV 5 7:5L""
HIR & 4 4 £ 3.7 mg, K,Cr,0, 50 mg/L). YIM
212 i EE % 100 me/L, LZR BRSO mg/L, 4%
WEBRR 25 meg/L, ~“PARikAn,28°CH55: 7 -30 d J5, &
R TR TR IR 4L 28C 45572 7 d,
1.4 HMEZE

HIRERI AN 3% DNA #2110, PCR J% 16S rRNA
LKA 51 3 B e B DA R (0SSR AT bR
& B JE K
1.5 HEXER4 XUEMEHERTE

TR R 4 FhAH TR 6 R AV B0 HIE M
1 AR 30 0 TR 174 400 TR 52 40 K ™ A 3R iR 45 il ( PKST
FIL) 56 R AR AZ BE A4 & i 22 I 1§ ( NRPS ) JE R
SN A i (CYP) JE R4 i S (e FH A9 7 i AT
52 B Bk A Escherichia coli ( DSM 30083" ),
Staphylococcus aureus ( NBRC 100910" ), Bacillus
subtills (NBRC 16412") | Bacillus megaterium ( CCRC

10608") , Aspergillus niger (1AM 190"), L)L F B #k
Phytophthora

nicotianae,  Alternaria  aliernate ,

Fusarium sp. , Colletotrichum sp. , Gonmatopyricularia
amomi, Protomyces macrosporus, #3F H =& Kk
BEE R

2 #XR

2.1 4FMEFENSBHR

F 124 BhEEFRIEIN B 250 Oy HAERY LS, 4t
Sr B BT 2676 Kk, FH YIM 171 53R 3t
2| 1207 R LR A, B % 05 63% , o2 TR
37% . i YIM 7 YIM 37 F1 YIM 212 435 5| (4% 5
B4 5 46% 48% F131% . M ILE H, YIM 171
PGS & Forseism, 1 B3 MR AETEE S
Tor e A R . (EAR—FE10 2 50 mg/L (14K
R (K,Cr,0,) XF H B H1 41 B #0548 AR 4 A 41 il 2%
R, —HE B AR, LT RA — R ILK B
R, 20557 B SRR VR 1 R AR KO . iy LA S 4% T 2
— PSR T A 5 % EL A AR
WHF A 8

F1 MAEFESBNHEEEREY

Table 1 ~ Amount of isolated actinomycete strains from soil samples collected from four areas
YIM 171 YIM 7 (HV) YIM 37 YIM 212
Samplingarea

Streptomycete Other Streptomycete Other Streptomycete Other Streptomycete Other
Forest of Huangjing 187 78 168 273 26 30
Emei’ & Qingcheng Mountains 458 258 128 73 70 59
Jiuzhaigou 120 106 43 85 55 73
Xishuangbanna 105 81 61 139
Total 765 442 444 512 151 162 61 139
% 63 37 46 54 48 52 31 69

2.2 MEEHBISENE

2.2.1  EHIEMZ TR LA BRI ARG T U1
T b 280 SRAE ML IR 720 - 1720 m, A #E
J& Tl Sk AR, BAR A A ] TS AR
R
platyacantha) 15 ( Cinnamomum camphora) | ¥4 J&
( Phoebe sp. ) AEILFA ( Pinus armandii) | F [ RS 2 4k
( Liriodenfron chinesie) . Af )& ( Fokienia sp. ) . 414t fuf
( Rhodoleia sp. ) . ’H B ( Machilus ichangensis) | Fi
7 ( Sinarundinaria nitida ) IR ( Cyathea spinulosa )
A ONBTR AR ( S0 £y b RE 43 B B £k 1 762
TR Ry Sl s . Horb 24 BT 168
rRNA JEN P AT 40 , e T 7 A H L8
AF B A& DR L AR (Actinomadura) | %
i £k W & ( Actinopolymorpha ) | 43 ¥ T W &

( Quercus  gilliana ) | ( Castanopsts

( Mycobacterium) i+ S & ( Nocardia ) | B 57 4 (X
H & ( Nonomurae) £LFRF J& ( Rhodococcus) . /|NEAHY
W J& ( Micromonospora ), B & £ K W )@
( Pseudonocardia ). J& /N B W H B
WoR B W R
( Saccharomonospora) L% K B J& ( Nocardioides ) .
575 1R & ( Streptomyces ) FUJEAL T J& ( Verrucosispora )
(BRI R) . H YIM 48941 5 2B i 215 &
CLHIFPAY 16S TRNA LD AR AR T 97% |, N 1%
SR A R TR TR,

2.2.2  URJE AT L B T A AR A 1L T
VU b PG 7, Jb 2 29°, BURE b 4R 520 - 3080 m,
REZBFRIIE T UL T o o ] ik, N ZRx 3%
WX ESHE TR Z, EEEYA il
( Davidia involucrata ) . R ¥ . 4t J& ( Castanopsis

(' Promicromonospora ) |
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platryacantha ) | ¥ ¥2 ( Abies ceratacantha ) . B & T,
T IR Y1) 2 PG L, AE 4 310, HURE | 570 -
1120 m, MY A VRIS VHEJE ( Castanopsis) &
( Lithocarpus) .5 X J& ( Cyclobalanopsis ) ¥\ J& \F2 AR
J& ( Cunninghamia ) | 1= J& ( Juniperus ) . FE # J&
(Sabina) A2 IBHFATIB S B Y o X Wb
KA 100 3 L HE 4 25 5] 1046 bR, 4558 T Hirp 25
PR B TR S AR, S E e R IS |
JF/NFRA B |48 f % 5 )& ( Dactylosporangium ) F1
HERE R, AR LB LA T (B IR R ) o
IR AT R T DX 2R A R R Ml X

2.2.3 NUFEIHE R AR : JUEEVE I 24 R
X, Hu Ak pa ) 363, Ak 26 34°, M4k 1500 — 3100 m,
KRBV A =428 (Picea) VA2 JE T AN R
(Larix) W& (Salix) ARJE A EY )& ( Rhododendron)
TSR IR L MOREER 50 4y + A5 B Bl 2k i
482 Bk M T HA 19 BRL B T 9 AR, BB
WS o3 R TR DR /D B A R 22 IR R
(Jiangella) 5 E A4 T4 & ( Kribbella) /NP TEE |
SRS CQ TR Ja AR v R TG TR R 5 T s (A TR I
TR o Z2 P JE A B A TR P IR L I
2.2.4 VUSRI BRI LLS VUSRI T 25 7
R, 7L 26 21.5° F1 7R & 101° Z [H], 4F 2 i
23.8°C A MW 1500 mm, SRAEHE X 14k 430 -
860 m, J& T~ It 4y vty F AR, LA e 2 7 B 1 B R R
( Parasshoria) B3 Bl 10 B3 ( Crypteronia ) | PUELA
FHYVOEA ( Tetrameles ) JyReiEAE Y 03X 23 AR
W R FE ML . RN 50 4y -+
B3 386 BRI , % T H P 30 #%, )& T 10 DR}

20 J& Wi B £ T & (Actinoplanes ) (I E (£
2N R A BN S
( Friedmanniella) 3% E 4 T.5 J& ( Kribbella) A4S IK
& ( Lentzea ) . /N L I B JB. AT B R
( Microbacterium ) W5 FC R & HUVE - QR R | T T
T G T R i 399 R ( Planosporangium) |5/
s B RICHER AR E 2 REE
( Saccharopolyspora ) . ¥R 1 % W J& ( Sphaeris-
porangium ) . HE B H JR M B % W OJE
( Streptospirangum) o o Bk 760 98 5 J& " Fn i B 1
YERE R R FROHUR . Bk YIM 48875 ]
AE 2 PR A 9 I R O BT

HRAE 16S rRNA FEpH R G846 5317 il DNA-DNA
AL EER, — DR S 2 MR 1Y 168 rRNA JE A
Fr 51 AH Bl AR T 98.5% , H B Bl Y TTRE 1 2
80% ', AHFILMEAE R 98 Mtk A 35 5T
T 9 16S rRNA K K 1Y 7 5 AH AU MEAIR T 98. 5%

7 Z A 36% Ky E K ] BE AR . X LA

X EATR m R E 2 R
2.3 HEEMS

DSE T 169 BRACZR XS 1 BRAE 22 [CBIMEAN T 3
PRI 22 TR PR 0 T (6 MRARAE Y BO H A 1 RAE
BOREL A O PTIETE M, 25RO TR 2, S8 Mok A B
A28 AR B 2w AT 11 Bk BB S0 Bacillus
megaterium , 5 8 ¥REESMHI 1 23 FhdiFE A1 1 2 4 Fp
FURER, Ui A 58 tRESAS I Colletotrichum sp.
Kk JE LR LAY 53 AR AR A 13 FR 4
Bacillus subtills , 10 ¥+ Bacillus megaterium ; J A1
O BRIME 1 2 3 FhARTEAI 1 2 5 FhEUK E I 1936 M

®2 EAEREEEHERE

Table 2 Number of positive strains with Antimicrobial activities

Forest of Huangjing

Emei & Qingcheng Mountains Jiuzhaigou

Antimicrobial activities
Streptomycete

Other

Streptomycete Other Streptomycete Other

Tested strain number 32 26
Number of positive strains ;
Escherichia coli DSM 30083"
Staphylococcus aureusNBRC 100910"
Bacillus subtillsNBRC 16412"
Bacillus megateriumCCRC 10608"
Phytophthora nicotianae

Alternaria alternata

Fusarium sp.

Colletotrichum sp.
Gonmatopyricularia amomi
Protomyces macrosporus

Aspergillus niger TAM 190"

Average % of positive strains
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o 58 HROR A JLZE W W W Bk A 16 Bk M
Staphylococcus aureus ,15 £V Bacillus subtills ; H.
12 BRI 1 23 FRAABE A1 25 8 Fh 350 BC B 191 14
513 YIM 48915 ( Streptomyces sp. ) % 2 Fh4HEE A1 7 Fh
N H W A AR &F B H s P YIM 100296
( Streptomyces sp. ) X} 2 PR TR AN 8 Ff L 7 A9 41 il 1
TS . YIM 100296 ( Streptomyces sp. ) %f 2 Ff 4H & Fl
8 Pl ELTE IR B . ORI AR LB R JE L

TR 3 Lyt DR A e T 6 10 B 5 T 0 1) S B P
PR 12% 15% F1 14% 3497 TH T L.
2.4 MBHUEYERERMFEESR

58 PR TE 7=A: 4 Fh ik & W6 b 3k IR i I
GERUR TR 3, NE 3 BLERATLIA H, N 3 4
XK B e T - Y956 27% 29% 36% 34% (1) bk
433774 PKSI PKSIT NRPS .CYP }:[A

R3I FHEALRMUESYEREENERE

Table 3  Number of positive strains with synthesis genes of four metabolites

Synthesis genesof metabolites

Forest of Huangjing Emei’ & Qingcheng Mountains

Jiuzhaigou ~ Total ~ Average of positive strains/%

Number of test 20 15
Number ofpositive strains
PKS I 5 5
PKS 11 4 4
NRPS 5 7
cYp 6 5

23 58 100
6 16 27
9 17 29
9 21 36
9 20 34

3 ik

FR¥E KR O B DR A 9 B 5 R, — N ik
PRI 11 4 35 PR 21 R 24940 5 8000 A7 A 4 idh 28 11 I 11
FEPRURN 20 — 50 A~ 22 A5 0 Uk A AR E W A L TR
FENO T AN LR T Y R % A LS A
FLA L BAb SRR 3 I . 5 2, SR B b 2
ARAFF A Py B BT > — Y gk
PRl ARIETRATT LA 4F 1 2 56 FN A SC A &5
AT

(1) B IR FR S P R iRy o 3 4 1 HUEREE R
M, DAPRUURR AN i FAH T AR08 2] 1) il 4 T 0K
20 Mg i Z I AR IS ] e I A
TR e W KR R | 1 3 70 4 R R AR A IR
J& o KM HLL A AR AR, MO B0 B ) 17 A
JB R s IR AR b o 8 13 A8 AR E
IF5E 53 A5 T IR0 2 g [] — 3 XA [ R T 2 v
(A S, S RN, T R s 114 4L s ofe el
S INER =Y UIN: By &2 - B2 i X /9N T 3 /N2 5
ARTEH V3 A PP 8 T AR 5 PR B A

x4 TRMBREEEAMMLLE

Table 4  Comparision of actinomycetes among ddfferent areas

Area Genera of isolated actinomycetes References
. . Actinomadura,  Actinopolymorpha,  Micromonospora, — Mycobacterium, Nocardia, Nocardioides,
Forest of Huangjing . . . . .
(B Nonomurae, Promicromonospora, Pseudonocardia, Rhodococcus, Saccharomonospora, Streptomyces, — This study
- Verrucosispora

Emei’ & Qingcheng Mountains

. . Dactylosporangium , Mycobacterium , Nocardia, Promicromonospora ,Streptomyces This stud
CHRJE 1L Rl yporet . ’
Jiuzhaigou Actinomadura , Jiangella, Kribbella ,Micromonospora , Mycobacterium , Nonomurae , Promicromonospora , This stud

N . is stu

(JLFEH) Pseudonocardia, Streptomyces v

Actinoplanes, Actinomadura, Actinopolymorpha, Dactylosporangium, Friedmanniella, Kribbella

Xishuangbanna

Lentzea , Micromonospora, Mycobacterium, Nocardia, Nocardioides, Nonomuraea, Planosporangium ,

This study

(PERLARAN ) Promicromonospora,  Pseudonocardia,  Rhodococcus,  Saccharopolyspora,  Sphaerisporangium ,
Streptomvyces , Streptosporangium
Wuling Mountain Actinomadura, Arthrobacter, Catellatospora, Dactylosporangium, Microbacterium, Micromonospora [12]
(1) Mycobacterium , Nocardia , Nonomurae , Rhodococcus , Sphaerisporangium , Streptomyces , Streptosporangum
. ., . Actinomadura,  Actinopolymorpha, Agromyces, Arthrobacter, Dactylosporangium, Kocuria, Lentzea,
Grand Shangri-La . . . . .
N Mycetocola, Nocardia, Nocardioides, Oerskovia, Promicromonospora, Pseudonocardia, Rhodococcus, [19]
(RAFHE HLAL) S . .
treptomyces , Streptosporangium , Tsukamurella

. . Citricoccus, Corynebacterium, Isoptericola, Jiangella, Marinococcus, Myceligererans, Nesterenkonia
Qinghai o . R
(1) Nocardiopsis, Prauserella, Rhodococcus, Saccharomonospora, Salinimicrobium, Streptomonospora, — [21]

£

Streptomvyces , Yania , Zhihenglivella , Sinococcus ,Sinocurtobacterium , Alkalibacillus , Naxibacter
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B 1 IXC, BV FE 7 SRR 9 B AR bR, e 2 R M L AR
%, ERZ N WAERE ™ . W Bg L, LR
AR i P TS 2 TR 5 B AN DK 22, (B 26 8 1437 ) ol
WiRZ . FATNFIEFHEEE /325 16 N8 MLk
B, HerP i) FCRR R ( Yaniaeace ) 8T R, i 2 B2 G
WE 77 22 W R ( Myceligererans ) | #5111 T J&
( Streptomonospora ) | [&) [X B J& ( Yania) . X K H &
( Zhihenglivella ) %5 4 >3 J& Je 4 A~ At 44 75 57
Jg——IEBR & J& ( Sinococcus ) . 42 4 FF B @
( Sinocurtobacteriu ) WEFT 5 J& ( Alkalibacillus ) #0144 7Y
FFE (Naxibacter) , A 30 224> 2k BB A A 7E
PR oy e A Bk . Al LAY R A
AR U P T AR ) FELAG BR XS T O 4 A4 9
ZREERYE A TR I B AR Y B AR SR
TR B BRI HLIX, aniF 22 XU 44 RS IX P8 XU
eANVEEP N /N INEEE /S RN 1 Beva S SRS TS I Y
e, [H2 175 20 2 3 BURF AT g SRR 5 XA RS
EH, S () 6 R A B A TR AR EATH
ALY, A Y Z REPE AR BIR AP RIELL, =
MR A Y £ E 28R, H i T U RN A
R K, VR 2B MO R AT 2 A 8- 3 B mi A B
2GRN o TR 2 B B R A B AR — 4~ IR
5y, SRR IR 22 (0] (9 B 4 AR T L 376 A R R AR AR
T o T [ PG R L DX A R 4 T A ) 2 R )
X Z—  FEIX St X 22 B R Dy & SR & 6T 15
P GEMIAS LU (H AR 0 — A I8
Wk 2 SAF I L 53 B L R GE 2 AL a7 B SN0, WA
P TR A 25 R GE 0952 e 1T &) UL, Whisi A% A
A S ZREPE R B o T R AR T R A

(2) B ARE EE . B R i
BIHA, MR —T TR AR . B S 53 8 77
TEIX B 2 RE 8 73 15 B S AT RE 22 19 AR TR L L
ABJS S/ G L B0 T i o TR N TR R L R
HRAWITHEKY o A RIE AR R, B0 A] 688N
CLRIER o MR [ N Ah By 225, AR XV T X BT A R
SRS BB T v BN Wasu 2572 20 AN
FrHk, 41 85 Mariana Trench W37 K LLR SR 42 (19 IK
PerEnh , GRE — A B R IR (T 0 - TR B
FIH) B OR R TR Z A ek Y
YIM 212 3557 3 55 25 8 1) B A T TE 29 i 273 L
I, PARHEE 3 MR MRS R R A, TS
A I PR R R, FRATT FE R A
43 85 25, 4 60°C LA b i i, 4°C LR AR IR, pH
4 DIF 11 BLE,25% ph, 4855 FEik 26 25 F i)

AEZ0 29 B L R I A 22 (HOR N BR 1Y A1)
JICER TR | B TR 2R W T P 1 5 AR T R R 45
HP A LA BT R =2 IR B PR A A i )
BIEARGROZAE R FENEZ—, HF5E
SN = < 2 N [ 2 N KA 5N a8 38

(3) — 2 4EH ] Un-culturable > *! — {7 3k 4 ik
IR 2 A0 A FRAT A SR A W), X2 S o i
DA, TAT TN H] Un-cultured SRAUE . AREEFRGUE
YWICGs , AR BRI R AR IR R E R
PR AR Py AR o o
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Diversity and bioactivity of cultured actinomycetes in
Sichuan and Yunnan area

Yanru Cao, Yi Jiang™ , Qian Wang, Lixing Zhao, Rongxian Jin, Chenglin Jiang
( Yunnan Institute of Microbiology, The National Engineering Center for Research of Microbial Pharmaceuticals, Yunnan
University, Kunming 650091, China)

Abstract ; [ Objective | In order to discover new leader compounds, the diversity and some bioactivities of cultured
actinomycetes from Sichuan and Yunnan were studied. [ Methods ] In total 250 soil samples were collected from forest of
Huangjin, Emei and Qingcheng Mountains, Jiuzhaigou in Sichuan, and Xishuangbanna in Yunnan. Actinomycetes in
these samples were isolated and identified. Bioactivities of isolated strains were determined. [ Results] In total 2676
strains of actinomycetes were isolated from these samples. The 16S rRNA gene sequences of 98 selected strains were
determined, and the phylogenetic analysis was carried out. 13, 5, 9 and 20 genera were identified from Forest of
Huangjin, Emei and Qingcheng Mountains ( one sample area ), Jiuzhaigou, and Xishuangbanna respectively. The
diversity of Xishuangbanna was the richest. That of Emei and Qingcheng Mountains was monotone, and only five genera
were isolated. Antimicrobial activities of 169 selected strains against 11 bacteria and fungi were tested using agar well
diffusion method, and genes of type I and Il polyketide synthases ( PKS I, PKS II'), non-ribosomal peptide synthase
(NRPS) and polygene cytochrome P450 hydroxylase ( CYP) were detected by PCR. High rate of antimicrobial activity
and the synthesis genes of four antibiotic existed in these actinomyctes. [ Conclusion] In sample-collecting areas, the
poorer human beings disturbance, the richer the diversity of actinomycetes. For isolation of actinomycetes, author advocate
using of " extreme" conditions, although it may got small number of actinomycetes, but the proportion of unknown
actinomycetes was greater. Gram-negative bacteria and fungi could be inhibited by adding inhibitors in media.
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