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W OB HRTAESEGERETIEN RSN K3 NERERBF YRS, EONEEREY,
K3 MG LR RN ZMIBRRY M ERHEYREREEEERBHME IS, b, P iy mm
HEHLZBMIMRRRYE, 71000 pg/mLKE T AERERE SR ETRFAE N EAERE SR
REFRE EXKERENELERMDHEERTF OOV MR FHRAERRE R R, 2K BHlmuky
FRERYMHEFEFREERAERENDSRETRAEH ECo /914 59. 4 pg/mL.96.5 pg/mL Al
132.5 pe/mL EHEARERZN K EHELBENFRERY Y E SR ERER RGN E
B ER A% 20 mm F1 27 mm; AR AR G E RO, 2K3 B H L &8 FBZEMTE 2 000 pg/mL % EF Fxt
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Antifungal Activity of Metabolites of Endophytic
Fungus 2K3 in Celastrus angulatu
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Abstract; Entophytic fungus 2K3 isolated from Celastrus angulatus had been studied on the fungicidal
activity, The result indicated that metabolites of ethyl acetate and methanol extracts of mycelium had
an evident fungicidal activity on mycelial growth and spore germination, The fungicidal activity of
methanol extract was higher than that of ethyl acetate extract, and the inhibition rates were higher
than 90% against Alternaria longipes, Fusarium oxysporium , Gibberella zeae ,Glomerella cingula-
ta , Exserohilum turcicum under the concentration of 1 000 pg/mL. The results of the inhibition of
spore germination indicated that the fermentation products exhibited obvious inhibition rate against
Alternaria longipes, Exserohilum turcicum and Fusarium coeruleum, the ECy, values was 59, 4 pe/
mL,96.5 pg/mL and 132.5 pg/mL. In the bioassay of the fermentation products against Bacillus sub-
tills and Bacillus cereus, by means of detection fo inhibition zone, the inhibition zone diameter was 20
mm and 27 mm. The results of pot tests that methanol extract showed higher than 70% of protective effica-
cy and therapeutic efficacy against wheat powdery mildew under the concentration of 2 000 ug/mlL .

Key words: Celastrus angulatus ; Endophytic fungi; Metabolic products; Antifungal activity

M4 KW (Endophytic fungd) — R BEEE  EHEYEARKNKH—LHFRIRREREEREK

BB :2006-09-02 OB :2007-03-29

BRI E R 863" # # AR %151 H (2002AA245121),

EERMM: R e b % RERIA, HLHFRE EENERB =YL RE 4 B8RS B0,
* BIREE BEY, B, WEAFA AT, FENERGUENRE S BLHHR,



58 REL% WEAR 2K3 R UH &5 EH%A © 263 ¢

HE AEBEEREFEIHE—NRREN
BEE METENRAEGENERERER
(Latent pathogens) #1 g # B8 (Mycorhizafungi) ,
ER-NERKMFEHRNERAR, LFHREHHE
YHAHHEAENEEBNHFED . BMN Sti-
erlet™ MG M 21 G 42 099 K &b (Tazus bervi folia)
SEF R A BB B (Taxomyces
andreanae) Z G AP EBEH K ER B =Y+ F
A E A Y Y T A 5 2 AR R
BIRZ580 8 ., 10 Findlay £ M = # (Picea ma-
riana) FH RO N ELFHKERB =Y PR
AT —RIIAARUBE MY RE. BURED N
BF R Y E A (Tripterygium wil for-
dii) 4 B 13 B 8 AR B -1 LB ML FE (Cryp-
tosporiopsis cf. quercina) fE 7= — B 3 B 3F Bk 4
4 F-cryptocandin X B HE R H A R EH AR
B30 251 R L R I RE ™ A — iR 80 Tk ek AR 0 -
cryptocin X FEEIR & Pyricularia grisea % £ F
YRR E AR MAER. AAREHEZH
BREXRE . WA EBRE Y3 F R EY R
BEHOBRTEEERAME . BFEX.EF
MERKFREEEBXHELEANEERHTT
BF5E, A B 211 100 £ Bk B8 4R o 07 25 B — Bk 4w
SHIKIHHNEER KRB =WRAHEHW
B,

1 #M#ET &

L1 #tEskinEy

BTG JE B3R [8] /38 K e AR B o 2 1S B —
MNEEREE, %S N 2K3, il EER DEFK
B M (Gibberella zeae) , £ K KL B ( Exsero-
hilum turcicum) , J 2 7 B 3% B (Alternaria lon-
gipes) ,/|N% 1 F& %5 [ (Bipolaris sorokiniana) , 3
BRI 1 (Glomerella cingulata) , BEE T8
$5 % (Fusarium coeruleum) , E XTI E (Cur-
vulavia lunata ) , /N % B ¥ 7% B (Blumeria gra-
minis) ; 5 JBL 40 i - #85IK 2F #0 4T B (Bacillus cere-
us) FEE F WA & (Bacillus subtills) £ EGH
BIER A (Staphylococcus aureus) | 55 ¥R & (Strep-
tococcus) MK I ¥F B (Escherichia coli) ., L H1HE
YhERMAFREL. D EREENEREYS
i FAL R AR SRR T iR i,

WEHMTRFEH & AEEERTNE
FMMABRBMERE K ARBERESERELRR

BE.SHTRE REA_BYA TR, BN
CRFFAEEKERBRT 3K, AR TERE
BIFRERMER.

1.2 BFERFMHASHERN

[ 4 37 R A %8 + 5 PDA(L 5 200 g,
%% 20 g, 300 18 g,7K 1 000 @), E B & 14
THEEENR.Z HOERRERERER R
0.4 cmXO0.4 cm BN RIEH /DA TME
0.03 g/LEBEM 9 cm PDA ¥4k |, BN EMR
WEA4AH,28CHEHR3I~Td /G, T REERB%
NEELZKSY, 24k EH %S PDA M E&
RS kR RAREMN MID #£HBR (£ 5
200 g, HEME 10 g, B B8 10 g, ZFR 9N 1. 66 g, B
MREE1.02 g, EHBF0.5¢,7K1000 mL),EXHE
ZUTHEBETEEFRESEANE EBRE
BEEN=HAEP 0 mL HABRMERE S
100 mL) , BESH O BEH D, E 26C,175 r/min
MAGTERRGER7d, RETYLU4RY
g, HRBERME LK 112, 8 g, 2B T
JE 5y R B A R Z R 2B R R AR vk AR B 35 R
BOREERRY . BEBAMB.ZRZE. . FE
RRREX3.1¢.13.6gM18.5g, REEA
ZRRTERERH.

1.3 EBFYHLENENORNEBRONSE
AiERE

1.3.1 #B4hER BALHENEHZEKNEHRE
MR —ERENRR MEXREEELE
KWK ERRBTFHLMEER.

MEE2E R EREN A —ERENFD
BRHNERB 1 mL 5 9 mL Bifbi PDA ¥ 5
BRS,BALENEFETHRATHERET
B HUELRSKEEE 3R, URE AR,
FERR 5 mm FTFL88 7635 5 47 0 iR o 0%
BWEY TR RETHERILA.25CHEFE 72~96
hWATZEXENERREEEERER R
HaEKIMHE,

WaEKNHME=(NBREFEL - LHEH
FHR /MBHEEERX100%

W Rk BB R TR B 7T B AR
EURENRTRIFR.E 10XI0OBEHT B
TREE 30~40 MITF, H—EREHFRE
BREBTERFRES B—HEMEMSE R L. %
Mgk RE B AR R EME A T RE, L
BARKAME GLEIKER. AEYMBRET
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CHR6hFEREMBRTRER. HXEHHL
R SUE RERALENHLE, TER
FHEMME R,

HEMER=CI R AR — @A R/
Xt B & % X 100%

B RBEFRERA 2H BRI R X,
IRERERAFABEAKRESRE. £
FMHEAXEREMA 10 mL KERFE, %
BE HHCRALAHZASCHEEEREE
B EE BACEBNEZERERT.
GEENNEBI M ERAN I BRI EXRE S ®
WEBILKE 44D FBRFZEMESHE, RS
FEFNMFBERPEAAB 0.2 mL, B 37CHE
BA T FE,24 b 5 WEE KNS,

1.3.2 &#&% RPEMANE. CEERED
BRI .24 h BEAERIE KT A AR
WEE., BMEHE 10 AMEE, KGR

BB, 7 dJEHUNE BRI S TR AL

YRITFERTINE SR 7E (R 18 A& 10 F B R
.24 h BEIEMR b EBEHEALAZG A, B AR
LOAEE UEKLEEAXE. 7dEENEH
B A BAR AT R A AT .

REEH =S (B RERBXZRAERLD/
BHBX BR AR

Bria R = (X B A 1E 16 3 — AL R 1 46
8o /3¢ BUR 15 80X 100 %

2 HREQH

2.1 2K EHREBTFYREAFENE

2.1.1 £AFHKAE MEAFEZERERE.
HEREREMEMN 2K B EBIERAHEZE
WIS R R X 7 FAE 0 R R I T
HERLEL

F1 KIEKELETEABRARRYANLBREAMMKFRANELERAGER

Table 1 Inhibition of mycelium extract of 2K3 against plant pathogens on mycelium growth

XTI &) %/ % Relative inhibition rates

BRI 5 E / (ug+ mL~)

; MNE A DRET P TR X% FRR EXRK
Sample concentration BRE  RAM BRE W@ HmE  BRE RRA
B. sorokinianaF. coeruleum Aalternata V. mali C.lunata G. cingulata E, turcicum
R BB 500 82.6 84,2 79.4 76.5 65.3 85.7 70,7
Methanol extracts 1000 93. 4 95.7 90. 6 85.7 80.0 94.5 92.0
LB IRY 500 46,5 35.7 28.0 55.2 35.4 65.5 35.5
Ethyl acetate extracts 1000 66.7 59,2 48,3 68.5 47.5 80.3 38.4
o R R B 500 32.4 35.5 — 30. 4 — 32.5 16,7
Petroleum ehter extracts 1000 34.1 42.1 — 29.6 — 40. 2 22.5
% B i€ M Fermentation broth 50. 6 — 13,5 50. 2 39.5 25.5 35.4
=" R RN MAEK ., Note: "—" indicates stimulating growth,

B 1R LR AR R R R
B % VERA B T A A R SR R L B LR R AR I
B 22 G & PR R RS AR AR R R 4R
Hop, BEERIRYITE 1 000 pg » mL™" R BT X/
EAEHRE DRETHRRE EERERE. ¥

RRHEWEMERKE 5 fatE M H Ry K
F90%,

ELRERMWERE. F—-LWMET 2K3 &
B 7= 00 M B 4 K R LR 3 b 4 R
HERMFHERILE 2.

R HLHTEARMMALFENHNELEKNES

Table 2 The methanol extract’s toxicity of inhibition mycelium growth

HELAAE I #h 5k LES 3 84 ECso

Pathogenic fungus Viulence equation Correlation coefficient  /(pg + mL™!)
WERERHM A. alternata Y=1.2450x+2. 5030 0. 9969 158.9
EXSMmHE C. lunata Y=1.1999x+2. 2021 0. 9974 214.6
OB ETIEHE F. coeruleum Y=1,1052x+1. 2653 0. 9808 51.8
FRBERE V., mali Y=1,4510r12. 1161 0, 9956 97.2

K2R FURRBEEYHE 2 KFEER
P PAERERE SR ETRERE . ERELER
BHEBREMNEN, L ECHEA RN 158.9 pg »
mL™'.51.8 pg+ mL™'fM 97.2 pg e mL7 s M EK
LR K B S AAXT X, K 214.6 pg - mL7,

MEMFHERE . UMHATFHERAEMNET

Bk R R R E WK 4 B 500 pg e
mL™' 1 1000 pg « mL™" B X3 40 55 7R B AR D44
ETEBAA ERRBRENR FHRMEMER,
HRRESI,
MRIAA ARER =Y ELARER
BYMERRERTFHEAAHEGMBEMN. &
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1000 g » mL ™" ¥R BEF X% o 2 48 3 T 1 R
TR KBER 0 857 B A T A 7 T R
TR EHT 8%,
3 2K3 WAKTMBINYREREM L
FERTHE MR

Table 3 Inhibition of mycelium methane] extract
of 2K3 strain on spore germination

HIATME £/ % Relative inhibition rates

B ES cmi-1) BAEF XK 1ok
Semple e ion, WHE WA RAE
F. coeruleum E. turcicum A. alternata

FRERY 500 73.8 81.1 78.0
Methanol extracts 1000 85.2 90.4 90.1
LMZEBREY 500 24,5 15.7 32.4
Ethyl acetate extracts 1000 28.1 20.3 45.9
B i A R B 500 17.4 . 22.6

Petroleum ether extracts 1000 20.6 - 31.5
A K% i€ K Fermentation broth — -

B =" HRRRIMEK, Note: "—" shows stimulating growth,

TE EREM L H— S ME T 2K3 RE=Y
HAKTFRERYH DRET RN NERE
RE R ERKBORE 3 A RF AN TH

RESHERLE 4.

F* 4 KWL, 2K3 EHR R B Y 00 T8 22 1K 5 g
BB S8 E TR ER KPR E 85
EREYFREHNHNAFHREN, H EC g
4r% 132.5 yug e mL™' 96,5 pug + mL™1 #0159, 4
pgeml™,

MH A EMEEREA, 2K3 Bk K B =Y
P T 42 1 FF 4R R 0 X A B 25 0 R PR 3
FHAAHENMEREMEBER 25N 20
mm 1 27 mm) 5b, X R B . & H 68 & R A
KIGAFEER A .

2.2 ARRBER

He kP BERRYIE 1000 yg » mL7',
2 000 pg » mL™" B3R BT X/ & AR #3697 F
Ry ERRES.

R4 HLAPMARYNIMERERTHLHNHES

Table 4 The methanol extract's toxicity of inhibition spore germination

Pk i & 177 8 HMXAKr ECs

Pathogenic fungus Viulence equation Correlation coefficient  /(ug+ mL™')
EXRKBRE E. turcicum Y=1.0388z+ 2. 9387 0. 9817 96.5
MEFRERE A. acternata Y=1.0413x+3. 1526 0. 9907 59. 4
DR THMUE F. coeruleum Y=1.3561x+ 2.1220 0.9962 132.5

£S5 HLKPRRRYMEABRRGATERNRFEA
Table § Efficiency of mycelium extracts of 2K3 against powedry mildew of wheat

LA HE

{4 ¥E i Protective efficay

{97 ¥ Al Therapeutic efficacy

/Cpg s mL~1)

Sample . wiE B %/ % bk B %/ %
Concentration Disease index Control efficiency Disease index Control efficiency
PRy 1000 26.7 63.4 32.1 61.2
Methanol extract 2000 18.9 72.8 23.6 76.5

MRS AH,2K3 REEF=Y A 22K 5 B iR
Bt /NE BB A S R R R T
FLTEERKEN 2 000 pug « mL™ B, /A EH
MIREIBT R E T0% A k.

3 MEEHit®

EYANERRR—-RKUAMRERT MK
BHEY. BFRXTHEERFANERE
Yy 18 L) AR Y 0 3 R B R P9 AR B BT A U
W — R WERE B TR SRR H
RERMSBHE RS REE, &7 -1
B o X B FRAEAEWIE RS
RGZETHREFRRENNR. BAEINERH
WHERB =PRI, T AT Bl — 3 3
EtEE -y,

AN BB A W o 40 B — RO P T B

ZK3, M RO T TEARMERNY R HE
HlE. RREREN, 2K Bk KBRS~
Xf R ALY 5 R TR R R R A B R
BIEME, RN EREE, RARKOF R
F. BREMEAFAERI BT ELE ERE
SERBETEYFERRAERSN L. B
ABRFRERURMCARFTRETY” (E%®
oy RR B RO PR RN, il 2w+
ABEAWELEKERR MM, KIXRER A%
MEHRAEELSERTEN. EXHAEHEE
45 B R XK B BB BORAE BT Y, ¥ AU
ERRBTEVARRYERMER L fEE—5
B3,
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