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BEMREREBENMNEMNEENIFIE EEN
HiEEHRo"

"ARE F

£s
(HEAIFIE K F A S A

S

FIR, FRMM AN FEMEEEFRT, ZH#E 235000)

W OB AdZBBELTERERR L TP AEREATHATT 8 &, PN TH
WEEE, FREN. TR EMTFRAEREENEES AN 5.66x10°.0. 67x10*
#10.39x10" CFU - g ' 8 &, RE 2 5 36 Aok BUAAE, I8 & F0 A AR 1R 0 2 3 2 93 #k
WAREE, B Lie, HE2 T A B KERAAERERANER, S0 BENE
MAH RN T. 5%, K ERAL T HEHK HNU-EA27 W H R R K&, WHEE AL
28.3 mm, WRAESFAE FEAAFAE TR & UAFIE 40 it BE 41 90 16S rDNA JF 71| 94, ¥
Wtk HNU-EA27 X % 4 % = £ 4% B ¥ ( Streptomyces toxytricini) , % 10| & B £k HNU-EA27
KEBRBEARBEREELER RIS ERTHKNIWEAER, R E W Wk HNU-EA27 X
BRATUNFARBERAELE RS AR THR, LRG0 0 R, 4R B
MEEH 0% H N Z2WARBEREFLEKMPEBTHAR, ERTHARERKN.
30% Ttk HNU-EA27 A B if8 i 3t % 7 A B 0 o TU0G &5 36 97 R 251 4 80. 6% #773.8%
K& T 50% % W R A 600 Rk, ABFF &YW, WK HNU-EA2T & 15 i6 & #i K B R
BEWM R £ AR, LA R I RN A ME,

XEE FHRKER; NEKEHE,; fid; £%; B

FESES (939.1 XEFRIRAE A XEHS  1000-4890(2012)6-1461-07
Screening, identification, and activity assessment of endophytic actinomycetes from
tomato plants against Botrytis cinerea. XU Da-yong, LI Feng” " (Anhui Key Laboratory of
Plant Resources and Biology, School of Life Sciences, Huaibei Normal University, Huaibei
235000, Anhui, China). Chinese Journal of Ecology, 2012, 31(6) . 1461-1467.

Abstract; In this study, the endophytic actinomycetes in tomato plants in the farmlands in Huai-
bei City of Anhui Province were isolated and screened, and the bio-activities of the actinomycetes
against pathogenic fungus Boiryiis cinerea were determined. The population density of the actino-
mycete in the tomato roots, stems, and leaves were 5.66x10*, 0.67x10*, and 0.39x10* CFU -
g fresh weight, respectively. According to the isolation position and phenotype characteristics,
a total of 93 endophytic actinomycete strains were isolated from different tissues of healthy tomato
plants, and, by using dual culture technique, 7 strains with antagonistic activities against
B. cinerea were screened, accounting for about 7.5% of the endophytic actinomycetes isolated.
Among the 7 strains, the HNU-EA27 isolated from tomato roots had the best inhibition effect,
with a formed inhibition zone of 28.3 mm. Based on the morphology, cultural characteristics,
physiological and biochemical properties, chemotaxonomy, and 16S rDNA sequencing, the HNU-
EA27 was identified as Streptomyces toxytricini. The culture filtrate of HNU-EA27 could inhibit
the mycelium growth and spore germination of B. cinerea. The higher concentration the culture
filtrate, the stronger the inhibition activity was. 30% culture filtrate of the HNU-EA27 could
completely inhibit the mycelium growth and spore germination of B. cinerea. Pot experiment
showed that the prevention efficiency and cure efficiency of 30% HNU-EA27 culture filtrate
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against tomato gray mould were 80.6% and 73.8% , respectively, being superior to those of the
600-fold dilution of 50% badistan. It was suggested that the strain HNU-EA27 could be valuable

in the bio-control of tomato gray mould.

Key words: tomato gray mould ; endophytic actinomycete ; screening; identification; control effi-

ciency.

T K © A T O AP 3 i A= i 2
I, KBRS A2 FH 2 00 I T L TR K ) 25 46 ( Botry-
tis cinerea) 2 YL T B ( # 25 255 2003) . HATEH A0
U B FE A M R [N B IR T K R
BARGEZ R e R A 2570, SR, KM 3%
SR ER R 7 A T P2tk S BUL = 2550 B
IARCRBAE T B I B AL 24570 5% B ™ d 5 e e
Al MRS, 8 B N 7 A B (X 45,1993 5 e WLl 45
2003) .

R R BT AE 2R | R 61 70 45 AR T
BT EE A, S NIk A R 2 T
FiA: Y5 VW) B 45% L)L S p 2R B P AR B ( De-
main & Sanchez,2009) , F FH 2k B 7= A= (1 IR AR
W A P e 25 IR BT oI5 e A5 fifi
AEEY T AEDAEFR S, TR A FRA
FAFNR R AR 25 1y A R T m (s R R A
1995) A N AE TR TR A A 3 B Y — i B Bk
TR B A T 0 AT ) 2H 2 PNl 20 B ] B AN
o AR A 7 A B 59 S 1) L 26 TR ( Bacon & White,
2000) , J&—ZEAHRT A FE 40 FF K T i AR U5, H
BZZE A W) © A By 1R 9 HL 3 (7 5 55, 2006 5 =
BRI 2007 ; Verma et al. ,2007 ; ThAkZE 2008 ; 143
25 2008 ; F #2009 5 4B 45, 20105 PRAT 5
4 2011; F A%, 2011; Zhao et al. ,2011) R
( BB B 55, 2005 ) 15 A P P (Conn et al. |
2008 ) Z5 5 P15 R B T VAR B N R A

AT LB WEAL T T AR ARAR 2K Ry
A TR TR BB R A T R A I DA TR i AR T g3 i
TR B — R X K B 95 TR A TR A BT AR HH 00 i 4 TR T Pk
HNU-EA27 X H A7 1 %0 IF 0 T HAM i 4E H
FPTARCR | 578 R 3 A 250 1 A= ) By v 4 il

1 #MBEFZE

1.1 SR i i Fh
F 2008 4 3 H 7EZ#AA WAL T A7 L X 4
DX ZU L DXORMMER LR A2 95 X i B 7 245 SR ST AE R

Fhln AP < B 8027, FE— = KM R 10
PRE AR , 47 (0] 9256 % 7 R AT 7 el 8 T 4 C

WAF#
TR i A B O B 802, I 4 B TE
Jeifh T2 7],

1.2 AAE e R

0 I B PR 43 S A b P v 5 5 19%) 5 A
1.3 fitkErsRst

AR IR T o B 1 AR 0k (S B R L) . ) 4 i
10.0 g JKffT &% 4.0 ¢ K,HPO, 0.5 g MgSO, -
7H,0 0.2 g.CaCl, - 2H,0 0.1 g FFERE 10 mg.,
CoSO, - 7H, 0 0.01 mg, CuSO, - 5H,0 0.1 mg,
H,BO, 1. 5 mg MnSO, - H,0 0.8 mg.(NH, ) Mo,0,,

- 4H,0 0.2 mg.ZnSO, - 7H,0 0. 6 mg . 7&{&7K 1000
mL .pH 7.2 ~7. 4(Baker,1990)

L T A A NG B 7R 5L (PDA) T 85 5% K
BRI TR 5 45 DL TR U 0 B 7R A (OOUZ B s 8 9%
) RENEH 2% K REFRE, LENEA
0. 5% BERG P[4 PDA 3577 ; & i W 1A 5 7 5k K
BRI BT 7.5 o AR T. S ¢ JERS. 0
g.(NH,),80, 2.5 g B H:F 2.0 g, NaCl 5.0 g,
MgSO, - 7H,0 0.5 g.CaCO, 2.0 g 77K 1000 mL,
pH7.2~7.4,

[l B B 5 T 300 (ISP HEXF 1Y 7 Fh s 3R 0k R
RV BE 8 BB (ISP 1) | WEREE -22 2588 B (ISP
2) FEETENR (ISP 3) HLERTE M BihR (ISP 4) H
TR AT e Bhilig (ISP 5 ) 28 1 R 19 18 BR R 3 AR
(ISP 6) FRETRINE (ISP 7) , UL K ThAA BV 3G
WA TR s SR R SR, e =%
Shirling #1 Gottlieb ( 1966 ) Fl Williams % ( 1983) A9
1.4 AR5

2% Verma 5 (2007) F 732, W5 R 46 31 7 A
PRAR 25 SV K w2 vk, o K T 5
70% (v/v) LR 5 min,0. 9% (w/v) NaClO 321
20 min, Jo R K %R 3 R, &G HILE 10%
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NaHCO, 7291 10 min, HX 0. 1 mL )5 —KIiEBERIK
VAT S KR VARG A R T KRR . 21 K 1
FHAE S A TC AR, T 100 A5 A JE 5 1Y TG
BB B, B 0. 1 mL R4 T S 3555 574,
3WHES, 28 CHiFE 14 ~21 d,id FEHH R B,
HRAE - 14 H BT TS (B R/ NSRRI BRI
AN TRVE | I AliAb ) e At v f e
1.5 JREEHG RS0 N A TR 1 i ik
F o B Ak B B L i I AUZ SRR 5 R 56 (1

ERGE S S A KR AT 107 - mL™) #EAT I
TE R A AT I 25 2 T TR AR T LR (d =8 mm)
FI— W SUZ B IR 2 b 3G 9R 4 ~ 7 d ARl
TG B R N E RS BT Bk
1.6 RHkEE
1.6.1 JEASKHE  SRINWEREE -2 288 Bilg i 97 2k
(ISP 2) #ATHE 537 e B TR WAL &
FHAE (Shirling & Gottlieb, 1966 ) .
1.6.2 RiFR¥FME 2 B8 Shirling Al Gottlieb (1966 )
H1 Williams %5 (1983 ) (197571, ¥ i #& HNU-EA27 $2
Pl G 1 53008 SRR, B AR RS
IR (ISP 1) BEREE -2 ZF B B (ISP 2) \MeZ LR
(ISP 3) TEHLERTERI TG (ISP 4 ) I K 4% Mk fig Bt
JE (ISP 5) B 11 R BR 7 R ER 3 IR (ISP 6) Fl i 24
TRETAS (ISP 7) 535 2L . 28 CHEF: 7 ~15 d, Wi5E
FLRRFRRRE B A RGO RUAE W 2281t Ly 1A
220, 22 RHE A TR R RS
1.6.3 AFERHE 28 Shirling Fl Gottlieb (1966)
1 Williams 25( 1983 ) iy ikt f A A AL S
1.6.4 20 BE G HRL IR A4 20 OBE R A0 B 2R bR e
HWEHUZ M (EF,1986) X bk HNU-EA27 BEFT40
i 35 i o 215 R0 4 40 6 7K AR Y0R8 AT
1.6.5 16S rDNA PCR ¥"3 WJ¥ & G Kk & bt

& DNA B9 B % Kieser 55 (2000) B9 7 ¥,
PCR " 3R 38 514 271.5-AGAGTTTGATCCTG-
GCTCAG-3’, 1504r: 5'-AAGGAGGTGATCCAGCCG-
CA-3", PCR & 2 (JEf&F 50 pl) : 10 x Buffer
5.0 wL,dNTP(2 mmol - L' )4.0 pL,Primer A (10
pmol + L™')1.0 uL,Primer B(10 pmol - L™')1.0 uL,
Tag B (2 U » pL™') 0.4 pL, DNA 4% (50 ng ~
1 wg)l.0 pL, =8 77K 37.4 pnL, PCR ¥"#8 &1,
95 C 5 min;95 C 1 min,55 C 1 min, 72 C 3 min,
35 MEH ;72 °C 5 min, 4 16S rDNA 351 4 14 =
WAl 5 26 K& E AW A RN, AR 40y 25

5 Blast BF M\ GenBank (¥ FE A i H3 AH S i £k
R AKRAY 16S tDNA J¥41], H Clustal X1. 8 # {17
LI X, Z )5 ] Mega 4. 0 24 #4751 20 B
K FHAE % 1 ( Neighbour-joining, NJ %) #1417 R4 &
AR AR R R R L, B BT 16S tDNA J 51
3T GenBank F M,
1.7 TEAKR HNU-EA27 X K 55993 BR300 581 3 14 % B
I AR R I
1.7.1 KR HNU-EA27 & U8 RO K B0 1 1 22
AR B 1 em® (OB R HNU-EA27 S fif
ISP 2 ¥iR 5P Al b FR W e fh T8 50 mL R BER:
FREEMY 250 mL =P 12 28 CHER BREFR 7 d,
BEWR 200 v - min”', BB BE HNU-EA27 K BEWL,
4000 r - min”" B0 15 min, B FIEWRAH 0. 22 pm 1%
FLUERET 8 , AT KBRS

SR A ) T 22 A K 3R R D E < 43 S E ) 20
ml & B A& HNU-EA27 & BE U8 W % M. 0.5% |
1% 5% .10% 20% .30% .40% HJ PDA F-#z, &4~
WEEEE S 3 W, AN A& HNU-EA27 & W8 1Y
PDA iR 5P A AE Xt B PR 895 T T 0 (d =
8 mm) BT MR, T 23 CFEFHF4~7d T
FARSGEM & KGR W W A K B TR 24
KA,
s Mﬂﬂ%ﬁﬂﬁ @ié%ﬁ%%—é&f@féﬁﬁé
1.7.2 Wtk HNU-EA27 & B DE 0O K B0 1 o0
fFBR M SRR I ] & (O ik,
1998) : Fie il 10 mL 7% 10°f8F - mL ™' KB B 40 E
filF T bk HNU-EA27 REEIEWR IR G W, & T
BRI (d=90 mm) . R AW & & B U8 WOk 1 43
MA:0.5% 1% 5% 10% 20% 30% 40% , VITG
BKE XS IR, BN AL 3 RE A, T 23 C TR
77,48 h Ja Bk BT R i RSN, TR K
JENTHF ERW 12 IR A , B IRTE %
BT EE 200 NEF, 0 SR A0 T B R W k96T
BT R MR,

ﬁi@ﬁﬁﬁmﬂ%:%xm%

1.7.3 Gtk HNU-EA27 X %t IR B9 AAR B if i
55 B HNU-EA27 % P08 O 7 i K B 1)
PR . B2 8% (2010) BT :, LUK ES 14 it
W R B B 1% . 5% . 10% . 20% . 30% T Bk
HNU-EA27 % P v it T 25 AtAe AR 10,24 h 5,

x100%
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H31E He

IREER TR T B IF IR (W 1x10°4 - mL™" ) W55 45
i e N T ARG 55 TR 22 °C 1R 90%
AbPR 3 REE BT 3 AR AR, DB 2R
IKAE RS IR, DL 509% 22 3 5 nl iR A3 7510 600 157
VERAEEEZ RN IR, 7 ~ 14 d J5WEIE M B Rk
B, 48 SCHR (AN A 25K 2 I A I 3, 1993 ) A A i
PR E DK, BT BB IR RCR

B34 = Xﬂﬁﬁ%ﬁg%}%?g%?&ﬁ

PR HNU-EA27 A& T 8 YO0 35 it K 55 0 1936
7R AR A AR TR i 40 s 55 K R A AT
BIFW, N AR R R 3R 24 bR 22 C 1R
90% ., RIF 1% 5% .10% .20% .30% Btk HNU-
EA27 & W UE W W3t T 2 AR AR 1T, RRAL PR 3 9K
HE EAER 3 A MR, DA KAE R
25 FAXTR, DL 509% £ 5 R AT PER R 600 5 A1E A
e 253X IR 7 ~ 14 d J5 M s F & R 2
B, F TR (A A 2K B AR ==, 1993) (A
HESA T FH 390, TR B Ta BB IR ROR
1.8 ZuliabH

K H SPSS 16. 0 # X 45 Rt A7 G it b, 7
22T one-way ANOVA J5 1%, F Duncan #r &
FERIAT 25 B E T (B KR 0.05) .
2 HERE5SH

2.1 FHAHL A AT R R oy
HIE 1 Al S5 R AR AR 1 2 GV 3

x100%

DA A 2 T R A, ELAS [i) 4 20 v PR A 2 R 40 A 1Y)
WA, TR 2R v P A R A Y B e,
¥ 5.66x10* CFU - ¢ ' i 51 25 FF IR Z, 3R
0.67x10* CFU - ¢ ' 8 & ; i Jy iz >, P
0.39x10* CFU - g™ 5, AR 23 55 30 160 F1 0 v
fEASTR] , H 0 B alifl N A O TR 93 Bk, Hovh 57 Bk
AR AR, 21 B B 224,15 Bk A A,
2.2 FEPU AR L B 0

Zeit WUZBNR L IR , 15 5] 7 MR K BIR A A
FEBOVE R S T B Ak, 7 T o3 5 PN A R 4 T B
)7.5% . HA i HA /N 10.3 mm, 435 T
T MMRLHLUR OB bk HNU-EA27 $ R B B AR K,
"iK28. 3 mm(E 1),
2.3 Wk HNU-EA27 H95328 % 5E
2.3.1 JEBHHE  Jesf 0 B MR S5 TR |, R bk
HNU-EA27 BN 22 Tohibs , AW SUAE W 22 241
ke T2 K TH L 2 ~ 3 PBIRER 202 77 8 A
¥, BPk HNU-EA27 HIRTESART A6 5 i R 4FIE
2.3.2 WiFRERE Ak HNU-EA27 7K 1 581
N SRR TG R R Bl (ISP 1) (¥
BEE-ZZEE BE (ISP 2) A BEAE (ISP 3) HHER
ATk REBAR (ISP 5 ) R R REE ER TR (ISP 6)
B EARK RAF, SUAE R 2 B 6, RN TR 2270
sk 0 TETCHLER VE M B (ISP 4) F& 2 fR
B (ISP 7) ¥ 5 AR K — i, A TR 22 IR (R
TR I PN TR 22 TG (0 ol vk 0 ; 7E IRl R

®1 BMARTNERKEHEE(x10° CFU - g7 8 F)

Table 1 Endophytic actinomycete number in different tissue of tomato

HE AL X FEERIX FlLIX RS 1

Gicd 2.73+0. 11 6.35+0. 24 4.94+0. 20 8.61+0. 30 5.66+2.47

E 0. 44+0. 02 0.76+0. 03 0.57+0. 02 0.92+0. 04 0.67+0. 21

it 0.26+0. 01 0.37+0.02 0.29+0. 01 0. 64+0. 03 0.39+0. 17
EEITRERT

E# HNU-EA27 X Ik EFE RS

1
Fig.1 Strain HNU-EA27 against Botrytis cinerea on PDA

plate

2.3.3 /EMUEfRREE BERE HNU-EA27 BERI
ZIME A2 ZPRE CREHE TERD  FLBE (D-SROBE | D-EFLRE
D-AE | B2 0E | H 205 AILEE , AS B A FH H 285 4% |
D-IIAWEAT L-BarhiArTs , B By Ak | 4 0 [ | 40 5
Ak JH,S 77 A S | TR I S 50 AR il S 36 52 FH P
SPRER IR IR S 00 | JL2T 5080 V-P SE5G  I5|WESEEG |
it AL A SIS R N R AR R | Bl A KR
Ji 28 ~30 C, fixi&i 4= K pH A 7.0, NaCl fit 52 144
2% ($£2),
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F2 Bk HNU-EA27 B4 18 4 L 451E

Table 2  Physiological and biochemical characteristics of
strain HNU-EA27

e H RS W E T H ELES
BRI IR HAL +
Cikar + S YR -
B + TR R R i J5L S 5 -
HEA + LI SR -
AT o | vesn -
LI o | s .
D-ALHkE + g ST 36 -
D-2p UM + A Y EE I 2 +
D-AH + WAL +
B2 + U RN TR -
R + I it 52 3 +
JULE + Ji ST 56 +
HEapE - RIBAEKIREZ(C) 28 ~30
D-1l124 4% - Heid A K pH 7.0
LB A7l - NaCl i 24 (% ) 2

“4 " FOR POV PP AR =7 SRR BN BAPE RO AR

2.3.4  YNMORESIEER N4 A0 MR A AR 2
Mras B2 0, bk HNU-EA27 400k v & LL-— %
FEBE R (LL-DAP) FIH 2 , A fi e g T 1 A, 4>
YK R TCRRIE RS BT C 45 6 4 25 1 JE 1 1k
TR,

2.3.5 16SDNA JPHIMEMAZR LT /3 4l
JF o3 M w Ak HNU-EA27 973419 16S tDNA J37 41K JiE
;7 1423 bp, #2538 GenBank RS VEMNS K 10241039,

RAVBAE LM F bk HNU-EA27 16S rDNA J¥51 &
SEEW JAE L B R FE R HNU-EA27 5 Streptomyces
toxytricini strain NBRC 12823 B AH 5 H.[F] YR PE A
100% (K 2) , BIRIEZSRAE B IR AE AR B AR A4y
M5 Streptomyces toxytricini M £F & ( Shirling &
Gottlieb, 1968 ; Weibel et al. , 1987 ; [&] #2411, 1992)
IR K TR AR HNU-EA27 %558 75 — R BERE 1A ( Strep-
tomyces toxytricini ) , iy % A Streptomyces toxytricini
strain HNU-EA27

2.4 Rk HNU-EA27 X B %0 T £ 400 4 0% 4 2% By
2.4.1 Tk HNU-EA27 KR0S WROM DR 5003 1T 1] 24
AR AN AL B A A AE T & 3 al o, BE
R bR HNU-EA27 RS TR0 J3E 18, 3o 0 T
TR 22 A R M 23 A A6 B R T R TS
T IREDE TR E S 2090 I T 22 A K AM R 87. 4%
Oy A AT AW IR 92. 3% 5 He B Ry 30% I K
R TR T 22 J R 3 A A0 1 2R U 5 A A
2.4.2 AWk HNU-EA27 & U8 VRO 78 it K R0 72
APPRBCR W3k 3 FR,30% itk HNU-EA27 &
TEEDE VRN 7 At K 25 9 1) T3 BT 55 360 7 ROCR 430 K
80. 6% 1 73. 8% , 3475 T 50% 2 T 7 AT {1 H 5
600 15, TRTRCRIL TIRTTRCR

100 | HNU-BA27 (JQ241039)

28|

\=J

43

| Streptomyces toxytricini strain NBRC 12823 (AB184173)
| Streptomyces lavendulae strain xjy (DQ645958)
62 Streptomyces erythrochromogenes strain NBRC 3304 (AB184746)

Streptomyces flavotricini strain NBRC 12770 (AB184132)
Streptomyces globosus strain B15 (EU196532)

Streptomyces roseus (EF017710)

51

99

98

0.001

2 ETF 16S rDNA FIIHZE M E ¥k HNU-EA27 RS54 B

Streptomyces katrae strain NB20 (HQ607777)

Streptomyces racemochromogenes strain NRRL B-5430 (NR_043499)

Streptomyces polychromogenes strain NBRC 13072 (NR_041109)
36 Streptomyces herbaricolor strain NRRL B-3299T (DQ442505)

Streptomyces fradiae subsp. acinicolor (AB184254)
Streptomyces virginiae strain NBRC 3729 (AB184797)

Streptomyces flaveus strain T111 (GU084180)
Streptomyces cinnamonensis strain NBRC 15873 (NR_041194)

Fig.2 Phylogenetic tree based on 16S rDNA sequences of strain HNU-EA27
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Fig.3 Inhibition activity of culture filtrate of strain HNU-
EA27 on mycelium growth and spore germination of Botrytis
cinerea

MR RI LA/ NG FBEFRIR 0. 05 K225 B3,

&3 Bk HNU-EA27 A BER R B R BRI E
EES

Table 3  Control efficiency of culture filtrate of strain
HNU-EA27 on tomato gray mould in pot tests

b7 AR R BITARICR (% )

] TT= i ki RIT
CK 88.6  90.3 - -
50% WA 600 5 23.9 337 73.0¢2.8 b 62.7+2.3 b
1% K BEIR 6.4  73.6 30.7+1.07 1 18.5+0.83 f
5% KEIR 44.8  58.2 49.4%1.98 ¢  35.5:l.42 ¢
10% K BEETR 36.3 425 59.02.36 d  52.9+2.01 d
20% K TS 26.5 363 70.1£2.45 ¢ 59.8+2.39 ¢
30% K EIER 7.2 23.7 80.6+3.22a  73.8%3.03 a

[RGB AR ) NG PR 0,05 KPR B

3 i i

A S ¥ 9 A 7 850 B9 R DL, PN A TR R B ST
ks sz B AL (SCA 245, 20045 1 Fh ELSE,2006) .
ABIFTENS T AR IR A 2H 2 R A TR TR T i A
PEAT TR, 0 8 0 1 B — X 7 A K 2 T A
SRAEPUAE F 1Y 8 — 28 55 55 T8 ( Streptomyces toxytrici-
ni) . AWF5ERYL, 508 A 158 Streptomyces toxytrici-
ni F2 IR NE 25 B ] w4 ( Orlistat ) &8 1 [A] 44 lipstatin
(7= R T, AR AR 06 B lipstatin (9 B 5 5 T8 % 38
¥ % ( Hochuli et al. , 1987; Weibel et al. , 1987;
Schuhr et al. ,2002) , F H{TiE AR UL 1 9 53 B
F| Streptomyces toxytricini S HAEYT K B 955 77 18T A4 DT
FEARIE

WS Streptomyces toxytricini strain HNU-EA27
X I T A TR VR 5, HE 30% T I B0 7 it
KT 5167 ORI B & & T 50% ZH R

ALHEPE RS R 600 15, R, Streptomyces toxytricini
strain HNU-EA27 JZ 15963 7 il B B o ¥ 72 B 10 R 2
Bl ik, B RAEFRTF &R HANE ., HETE HaE i
Bt R e R PUE R R TR R R R EGER
(wuyiencin ) Fl Z %8 B &K ( polyoxin) , 735l FH AWz 7K
B 75 7 1 R AR PR Streptomyces ahygroscopicus var.

wuyiensis (PN IE S5 2003 ) F AT A] B 2 B FA] 75 A8 Fip
Streptomyces cacaot var. asoeinsis ( Isono et al. ,1969)
e ARWESE 5 B BY Streptomyces toxytricini strain
HNU-EA27 AT ik 2 Fesr, R = 28 i K
B I PS8 T REA I 2 A BN T Y iR 3R 2 X
ZEER . KRN E U I N ST S
W B SER R T N — 2P HE5E

4 #% g

IYESTREE R 1 XS e at K EE e T A SRS PUVE
4 P A O TR TR R HNU-EA27 , %558 75 — R
i ( Streptomyces toxytricini) , e W& R mT LA i
BRI PR T 22 HE KRN A A e, FLVR BE B g, S
A 785 5 4 e B VR 2 D 30 % IR U] 58 4= 410 i) X
R T B 224 R A AT A, I BR HNU-EA27
JEBIAE AR E R I TERYOE R AE B s vk, B R
(8T S o I AL

S 30k

B REME, 25 BE, 45 2010. ARVPBLN AR AR T
GRS AR R S PO R AR #4, 21
(4) . 1021-1025.

Brerfe, o Ak, SEA, % 2011, AR E Fqd Ui
FEYI R i R s . N AR SRR, 22(9) .
2419-2423.

Jhik. 1998, FEERIFSE A (53 ). dbmt. hEARL
JAt.

BRI R, DR, 2. 2007. F AN AL TE 56
B HU A AR = 5 Fe AR IR B R W B AR 1 Pk
AP ARkE, 35(10) ; 31-33.

WooBR, X 9, ELEAE, % 2006. A A iR T
I AR 5P MU 2IR, 46(5) . 778-
782.

WL, B2k, FIELE, 25, 2003, B/l R X
R vE. PR =4, 30(4) . 396-400.
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