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1.1 ##
L1 R R g : A )2 BT ik i (200 - 300
H) W A 5L T A2 )2 M 8 K (Sephadex
LH-20) I H Amersham Pharmacia 2 &) ; {4 % 24§ Z,
i , 35 [ Honeywell Burdick & Jackson ; H ‘& fir A i
IR B = o3 B ol o e ROMRORH € 1% A ( Waters 1525
TG R ERE . Waters 2487 1M #% . Breeze T {E
ut) , 5 [ waters; 3K-30 1 i3 & B0 AL, 18
Sigma; RE-6000A Jigh%z8 & fis, FHFIEE; 00 dem,
K 50em ABCESJZ AT AL ; SPECORD 200 52 4h 735t
JEIE, R R A (EA]) s X4 10 s D E A,
f?'?ij%ﬁ ; Frs-135 ﬂélﬁl‘ﬁlﬁféﬁﬁ( s 92"% [& Bio-Rad 5 LCQ'
Advantage % JFi %1% , 35 [E Finnigan; DRX-500 %I4%
WEIARAL , FE [ Bruker,
L 1.2 {5 i « 654 96 (Alternaria alternata) |
JK i % 8 ( Botrytis cinerea ) . B £ % JH W
( Colletotrichum orbiculare) V5KV @5 ( Didymella
bryoniac) . 42 761 9 71 8 # JK & {6 ( Fusarium
oxysporum f. sp. cucumerinum ) JALHk T HEH N LAk
# ( Fusarium oxysporum f. sp. melonis ) . 34 M 7
( Monilinia  fructicola ) . 1§ K & B ( Penicillum
digitatum) i $% 2 T ) ( Pestalotia diospyri . ZA% Ji&
%% Pythium ultimum | 575 22 %% # Rhizoctonia solani .
FFH& /N K% Sclerotium rolfsi ) | 4% 3% T ( Sclerotinia
sclerotiorum) W5k K% ( Trichoderma harzianum) | K
TRAS A ( Verticillium dahliae) o
1.2 EYHNEERENSSMAK
S M Schulz % 7k b AT AR BLBR Y5 B, G
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TCCGTAGGTGAACCTGCGG-3' Fil ITS4 5'-TCCTCC
GCTTATTGATATGC-3" th i A= T4 %, DNA A4z
BRI 2 BESCHR [ 13 ] 4T, PCR A& 2 : DNA AR
1.0 pL, 10 x PCR 2% mh ¥ (& 25 mmol/L MgCl, )
5.0 wL,dNTP(5 mmol/L) 1.0 wL,5[4(100ng/mL)
% 0.4 uL,Tag DNA B4 (2 U/uL )1 ul, sk #h
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e o
1.4 HEFREREEKNFIE

SR FH PR A X IR 355 5% 1 0 A 7 17 M TR R 1 T 32 -
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FHAR RGN 55 9 A= L 0 D o T T A A B A T 2
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(%) =

(X RRMLF-Hjeo -5)
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J& BT AR PDA SEAR TS 1% . LU AR
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2.1 EMSEE zjqy610 B REE

MHLE TG E LLAH [ SRR X 25 AR ) 2 46 8
KGR 53 B AAT 25 Rk N A FLRT, 38 3 W s W IRp B %
5 T T 2jqy610 B AKX K A 28 6 . 2 i 75 | R
TR IE DA (AAEAR 7] T 8 I\ % 1k 80 255 D 1A 2 A AR
SRS PG VE , 2jqy610 7 2 AL HORE U 21~ 4L
AR ES 2 15 AN S oy B 2R S AR A S
ko ZBERRLE PDA BiR3bp A KM 3 -5 d vk
HAEN 4 -6 cm, TH &S 52K A 1) N K Sk
o, A AR B A ST, W R TR AR
BAAKIRB (B 1-A) s A il RN A T 224

AT AR T A 2-3 SR AR, 0 AR A
W FEERIE (1 1-B) .

1 zjqy6l0 BEEER RN
Fig. 1 Colony Morphology and conidiogenous structure of
zjqy610. A; Colony morphology of zjqy610 on PDA (1 x ); B:

conidiophore and conidia morphology of zjqy610(1000 x ).

B F A8 5 GenBank (&5 GU556971) , F|
BLAST %4 (http:// www. ncbi. nlm. nih. gov/blast/
Blast. cgi) 5 GenBank ¥4I5 4 b ¥ 17 1) 47 L X 43
BT, 4R 45 B AH 3T 3 Bk 79 1TS tDNA J32 31, ] Clustal
x1. 8 42 it fpe R[] PP 4 D DU A 7 HE P, SR Kimura
2 PR AT R 25 518, I H Neighbor-joining 14 # 5
SEEAE A, A REECH 1000, 1TS rDNA 751 L X 43
fr, zjqy610 5 728 JK & % Penicillium canescens
AY373901, AJ608947 ., DQ658168, AF033493
FJ439586 ,AY484896 4 6 A~ Fi #k AU AHARLEE 14 3] 100
(B 2), 4568 85 R Ak, %2 % Wtk 2 K
HE o
2.2 zjqy610 iFER U EWHELETE

20L RS O CTRRLSE M40 519 3. 5 g 13
WEORE . 200 =300 H 2L T LA, Stk
IANB RN , FHAS TR 466 B 1 A ittt/ R 1R R 1
WA FEAT A BE VR , L) S0 mL Sy B ICAS: 40 G335
W o R ROHZZ T (0158 55 5, B S B4R R 9
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Fig.2 Phylogenetic tree based on the ITS rDNA sequences of zjqy610 and its GenBank allies. Numbers in parentheses represent the

sequences accession number in GenBank. The number at each branch points is the percentage supported by bootstrap, 5% sequence

divergence.
AT RIS PR IR R R 43R 6 AR AT
H s 2 4 f1 6 MM BaRAEME G, 125 mg
552 K o e 2 o E A AR AR FAE 2 B B8 i
(Sephadex LH-20) 4lift.,, 1 #53 2{L 59 2jqy610B-
g-3 o 44 mg;220 mg 55 4 o3 IE IEAHRE A R A
aifl, N 13 B4 & ¥ 7jqy610D4 Jy 175 mg;
109 mg?5 6 FB 338 1 1E AR RE 2 A 43 5 gk, 15 24k
EWY) 2jqy610F-2 7 21 mg,

A 2jay610B-g-3 Sy A EF R S A, DL
fit/ R TR = 1: LI R B IF RE AN 0. 34, 15
174.6 = 175.3°C (£AG1E) o I ESI-MS 4> F
Bl m/s:207[ M+ H]* 224[M + NH, ] * &"C
NMR #1'H NMR ] L) #E W7 H 4y 7 Xk €y Hy

N,0,.'H-NMR (500MHz, DMSO-d6, 8ppm): 12.67
(1H, brs, - OH), 8.60 (1H, d, 6-H), 8.32
(1H, brs, 1’-H), 7.86 (1H, d, 3-H), 7.79(1H,
brs, 2-H), 7.57 (1H, m, 5-H), 7.21 (1H,m, 4-
H), 2.43 (3H, s, 10-H); "“C-NMR ( 500MH,,
DMSO-d,, dppm): 138.1 (1-C), 120.7 (C=2),
128.8 (C3), 123.4 (C4), 132.3(C5), 119.8
(C-6), 158.7(C-7), 170.3 (C-8), 196.4(C9),
24.2 (C-10) o Hdli 5 3CHR[ 14 ] OB — 2, 455
AL BT, e W o G B R R A B WL 1R (o-
acetylbenzeneamidinocarboxylic acid) (& 3) ,

B W) 2jqy610D-4 Sy (1 (229 S A4, A7 3 it/
LR OTE =1 1R EIF REE R 0.21, 5 15
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Fig.3 Chemical structure and MS spectrogram of zjqy610B-g-3.

221.8 =222.3°C (KK IE) . ARYE ESI-MS Hifi /T
B m/s:353[ M +H] * %" C NMR #1'H NMR
A LA e W 4 7 XUk €, Hy, ClOg,'H NMR
(500MH,, CDCl, 8ppm): 6. 14(1H,S,H-11), 5. 54
(1H, S,H-8), 4.04(3H, S,H-12), 3.98(3H,S,H-
14), 3.62 (3H, S, H-13), 3.00 (1H, d, H-15),
2.84 (1H,d, J=16.6H,, H-16), 2.44(1H,d, J =
13.4H,,H-15), 0.970(3H, d, J =4.6H, ,H-17) ;"
C NMR (500MH,, CDCl; &ppm): 197.00 ( C-1),
192.45 (C-2), 170.79 (C-3), 169.55 (C4),
164.62 (C-5), 157.76 (C-6), 105.15 ( C-7),
104.86(C-8), 97.21(C-9), 90.76 (C-10), 89.52
(C-11), 57.00 (C-12), 56.66 (C-13), 56.38 ( C-
14), 40.06 (C-15), 36.46(C-16), 14.23(C-17),
HRAESCHR[ 15 1 ) NMR Z54f DL XA B 4 2jqy610D-4
HYAHSCIRAR P BT, AT DL E A G ) o K R
(griseofulvin) (& 4) .,

1004 zigys10D-4

3554

Relative abundance

3753
i 3773
0 T T T T —
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miz

B4 WS ziqy610D-4 {LFLEHEF MS B
Fig.4 Chemical structure and MS spectrogram of zjqy610D-4.

WEY 2jqy610F-2 S5 iR B (4 J05E BB A, A1l

B/ PR TR =1:1 ¥ R IF RE(E 2 0. 18, 15 A5
239.1-240. 3°C (KK IE) o H4E ESI-MS HhyfE 155
FIgE m/s:273[M +H] * A" C NMR F1'H NMR #J
LA W7 H 43 7 € Hy, Os.'H NMR (500MH,,
DMSO-d, ) 8:13.39 (1H, S,-COOH ), 10.94 ( 1H,
brs,-OH) ,6.29-6. 60 (4H, m H-58), 3.85(3H,
s,-OCH,), 2.72(3H,S,-CH,) ;" C NMR (500MH,,,
DMSO-d,) &: 181.58 (S, C-1),165.59 (S, C4),
162.79(d,C-13), 162.99(d,C-14), 158.88(S, C-
6), 156.41(S,C-2), 142.94(S,C-3), 116.29(S,
C-8), 110.88(S,C-11), 103.01(S,C9), 100.47
(S,C-10), 96.76(S,C-7), 91.94(S,C-7), 55.94
(S,C-5), 22.97(S,C-15) , #¥ECHk[ 161 # NMR
R LA AR S PRACME I, o] DA izt S [ 1, 2-
b ] kg 2- B 35 3-8 B O 4-F2 JE-5-F 4 L 2% Naphtho
[ 1, 2-b ] furan-3-carboxylic acid, 4-hydroxy-5-
methoxy-2-methyl-([§] 5) ,

1004 27?.2

zjey610F-2

L=l =
=RV}
1

S =1~ o %o
th © th © W
1 Il Il 1 L

ndance
[V -
L
1 1

504

Relative abui
P L W &
T o b O L
1 1 1 1 1

274.2
|

205.6

— = b2
=t © w O
1 1 1 1
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miz

B S &Y ziqy610F-2 (LFZEMEF MS Eif
Fig.5 Chemical structure and MS spectrogram of zjqy610F-2.

2.3 EERBUESYHREES

MR zjay610 (4% R £ TR £ IR AL $R 4 Hh oy
BT R 3 DN HA PR R B, b e S Y
zjqy610D-4 JEH BTGP LGy , 305 16 PG, Xt
WA 1S PR D T A A AR i o A
X IR A AR R IR IEL R 75 AR B A e FIAZ B A 4
ol 5L L T A 955 1 A o, S R vk B EC, 331
0.68.0.38.0.91 F10.61 g¢/mL(F£ 1),
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Table 1

F1 RERE=Y 2jqy610D-4 X A EFREEEMINEEE

Inhibitory activity of metabolite zjqy610D4 against different pathogenic fungi

Phytopathogens Regression equation r 1C5,/ (mg/L) 95% Fiducial limit/( mg/L)
Alternaria alternata y =3. 62496 +0. 90067 x 0.98318 33.63 16. 78 -93. 66
Botrytis cinerea y =5.0953 +0. 57803x 0.9877 0. 68 0.50 -0.92
Colletotrichum orbiculare y =5.3432 +0. 82487x 0.99724 0.38 0.34-0.43
Didymella bryoniae y =5.10207 +0. 47636x 0.97122 0. 61 0.35-0.98
Fusarium oxysporum . sp. y =4.49731 +0. 62547x 0.98574 6.36 3.95-12.39
cucumerinum

Fusarium oxysporum {. sp. melonis ~ y =4. 24081 +0. 56561x 0.97829 21.99 10.06 -79. 28
Monilinia fracticola y =4.58092 +0. 84705x 0. 98832 3.12 2.22-4.76
Penicillum digitatum y =4. 40699 +0. 68759x 0. 98944 7.29 4.74 -12.96
Pestalotia diospyri y =3. 77859 +0. 74889x 0. 97348 42.75 17.21 - 196. 45
Pythium ultimum y =4.55963 +0. 56183x 0. 98042 6. 08 3.51-13.72
Rhizoctonia solani y =3.90876 +0. 8829x 0.98778 17.22 10. 05 -36. 37
Sclerotium rolfsii y =3.38739 + 1. 71129x 0. 99499 8.76 6.84 -11.68
Sclerotinia sclerotiorum y=5.02112 +0. 51823x 0.91137 0.91 0.28 -2.65
Trichoderma harzianum y =4.55997 +0. 45681x 0. 96684 9.19 4.22 -37.38
Verticillium dahliae y =4.04117 +0. 68475x 0. 97446 25.13 10. 84 —104. 54

3 it

Stierle 25 43 B I 77 A= 10 MR8 15 T By S A2 B
Bk, Wang 217 /3B 5] 7 41 1 75 2 Brefeldin A 1)
PR, LU S5 5 gk B — BRAE R 3 b BT
PEMI ST ST , RN A B R RAE R e, R
LB A A AR P ) 2 R, RIRE P 2R
FCRAR I N Pt R N B A
Ao I I B 22 75 T, AR A 490 24 K R AR 5 4
WL R 2 B A LA G PR S 97 24 , 9 A 2
NI RIR IR

HATR 22 5 N A B RS A i 5 1 A
SRR, Herb i R K45 PRGN 3t
PRI BT A 086, 54 5 5 P A 20 B B T IR Y
AT A AR, © ISl B8 A 2
WIAE A R P R AL S 30N A 3 B 575 AR
Rigfieie, BAFEINENERENRA, HFETE
A T A N T AR TR R 2 st
ALTIE I PR A T A A A1 TR AR 0 M T 14 4
B H ARG AC T W BT . T T
B A S50 AL RIHE R, TR £ 2
FEVRE A £ 20 T B A3 7% 00 54 T 242 00 D A
B BWEEDFSEIT & BRI , A A LT W 25
T 0 5 £ R, AR R Y R B R T
IR,

ZACTERE A G RHEOR R E R A Y, B
TR TG VEFIRRME B NE A9 4 0, H e B A 2 8 5
RS A FLE S AL S WIS T8, A TR ZH
Or EAFRITE VL R BR 2jqy610 b 75 5 Ji A2 Bl AL K 7
o Bl AL AR B-1, 4R R MR
il A KT A R AR . AT 2jqy610
PR AR o3 BRI Y 3 A = W B AN R R
oA woE O H b e & W o
Acetylbenzeneamidinocarboxylic Acid ( zjqy610B-g-3 )
SEAE 1982 A IR M 7Rk B0k 7 Gibberella saubinetii
(TAM8049 ) " 1 43 B 45 1), HLAT B iR 15 4, 1 F
B 175 52 8 HE Re AU A2 & W o
&, Naphtho [ 1, 2-b | furan-3-carboxylic acid, 4-
hydroxy-5-methoxy-2-methyl-( zjqy610F-2 ) J2& 1960 4J-
I A A T AR Z A A Y O
EPARB Y R, B IKE TR (2qy610D-
4) =N ETE zjqy610 F G, MiF £
oA 9 Dt L T 4 E AT 4 A P, D X i A 2
T LRI S A TR T R IV o 6 5 A% 28 T ) 400 o375 1
oo, B4 e B2 ECs, 20 51 4 0. 68.,0..38 0. 91 FI
0.61 mg/L, KT ZNKEF R Penicillium
griseofulvum (R , SCHRHR 18 28 7K 75 25 7T LA™
AR TR IRAT RO A W T AR IR T
7jqy610 BEACH Az &Y (BdE R BoR) o
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Isolation and identification of an endophytic fungus of
Polygonatum cyrtonema and its antifungal metabolites

Ying Wang'®, Guoping Wang™, Liwei Wang’, Xuhui Xu', Jing Xia’, Xuefang
Huang®, Yougui Wu’, Chulong Zhang'**

(' Institute of Biotechnology, Zhejiang University, Hangzhou 310029, China)

(? Zhejiang Dahua Zhejiang University Biomedicament R&D Center, Hangzhou 311616, China)

(* College of Medicine and Public Health Management, Hangzhou Normal University, Hangzhou 310036, China)

(* Institute of Pesticide and Environmental Toxicology, Zhejiang University, Hangzhou 310029 , China)

(° Zhejiang Qingyuan Baishanzu Mountain Nature Reserve, Qingyuan 323800, China)

Abstract ; [ Objective ] Endophytic fungi in medicinal plants produce a variety of bioactivity compounds. In this study, an
endophytic fungus zjqy610 with antifungal activity was isolated from Polygonatum cyrtonema in Zhejiang Qingyuan
Baishanzu Mountain nature reserve. [ Methods | Strain zjqy610 was identified as Penicillium canescens based on the
morphology and its rDNA sequence analysis. Three antifungal compounds were isolated from the fermentation broth of
zjqy610 through normal-phase silica gel column chromatography and gel ( Sephadex LH-20) column chromatography,
traced by ultraviolet light or iodine vapor with bioassay-guided fractionation. [ Results ] These three compounds were
elucidated as o-acetylbenzeneamidinocarboxylic acid (zjqy610B-g-3) , eriseofulvin ( zjqy610D-4) and naphtho [1,2-b ]
furan-3 -carboxylic acid, 4-hydroxy-5-methoxy-2-methyl-( zjqy610F-2) based on mass spectrometry and nuclear magnetic
resonance spectroscopy. The antifungal activity assays showed that the three compounds had inhibitory to variety of plant
pathogenic fungi. Compound zjqy610D-4 had strong antifungal activity against Boirytis cinerea, Colletotrichum orbiculare ,
Didymella bryoniae and Sclerotinia sclerotiorum. ECy, was 0.68, 0.38, 0.91 and 0.61 mg/L, respectively.
[ Conclusion | Zjqy610D-4 is deserved to develop an agricultural antibiotics.

Keywords: Polygonaium cyrtonema; Endophytes; Penicillium canescens; antifungal activity; structure elucidation
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