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Abstract: [Background] Sclerotinia ginseng, one of the major pathogen attacking ginseng, seriously
affects the yield of ginseng. [Objective] To explore the mechanism of ethyl acetate extract of the
endophytic bacteria Endomelanconiopsis microspora from Taraxacum albiflos Kirschner & Stepanek in
inhibiting S. ginseng. [M ethods] The inhibitory effect was verified by the test of mycelial growth and
spore germination of S ginseng. The morphological changes of mycelia were observed under a
microscope. The cell membrane permeability was detected by changes in conductivity and nucleic acid
content, and the membrane lipid peroxidation was measured by changes in malondialdehyde (MDA)
content and superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) activities. [Results]
The ethyl acetate extract from E. microspora significantly inhibited the mycelial growth of S. ginseng
with the minimum inhibitory concentration (MIC) of 3.75 mg/mL and the inhibition rate of 76.22% after
6 days of culture. The ethyl acetate extract significantly inhibited the spore germination of S. ginseng.
The 15.00 mg/mL ethyl acetate extract demonstrated the optimal inhibitory effect with the inhibition rate
of 90.69%. The ethyl acetate extract influenced mycelial morphology, increased cell membrane
permeability of S. ginseng, and resulted in extravasation of mycelial inclusions. Compared with the
control group, the treatment with 7.50 mg/mL ethyl acetate extract for 10 h increased the conductivity
and nucleic acid content by 30.11% and 62.85%, respectively. At the same time, the ethyl acetate extract
significantly increased MDA content and SOD, POD and CAT activities of S. ginseng. The MDA
content and SOD, POD and CAT activities in the 7.50mg/mL treatment group first increased, peaked at
the time point of 12 h, and then decreased. [Conclusion] The ethyl acetate extract from the endophytic
bacteria E. microspora changed the cell membrane permeability of S. ginseng, aggravated the membrane
lipid peroxidation, and destroyed the cell membrane integrity, thus leading to the loss of cell inclusions
and inhibiting the spore germination and mycelial growth.

K eywor ds. Endomelanconiopsis microspora; Sclerotinia ginseng; antifungal effect

AZ(Panax ginseng C. A. Meyer) H &4/ HRETS YL MRS I, i) 26 A7 3 By
WA, RIREGGES R, FEN. KN IBASHEERNGEEC LN AS RIS R
W ER R ANS R R R EEE BN L i),
iE P R R AL RS ERIET, N AR B R R A A AR D AL 2L P BB i AN 1
S35 230111 & M Vet %5 Bl | P - Y (BT N F R RBUA B A — 2R, oA
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Y. Zhang ZCF 5t % TR AL R h o B 152
(N A BT EE GC-09 & FE =4y ot 3 K F)
R EA DE RIS B, WAEREEY
TEPEAGE T I IF A Al 2570 Tl B
KA A

Endomelanconiopsis J&H RoJas [
2008 AERBIFH W HE . ZEILA E
endophytica, E. microspora fil E. freycinetiae 3 >
FiRYIC s, X T Endomelanconiopsis {14 %) i
FARIE R AT B — g RS AR
FE AW R 22 A K AT RS, WIPIRE
E. microspora & [ =¥ £, R Z g $2 Byt N5
B RALER, LU R BE NS WA A
W AR 24 () I i S Bt S s

1 MR5h%E

1.1 #idEkk

N2 ¥ 431 (Sclerotinia ginseng) H1 75 Al
KEh 2y bz Befb A AR S g s SR it IR AT
T RO A 2 b 2 B ) A S SR
Endomelanconiopsis microspora EI002388 J& /1 7
ARAO R B2 I 2/ A AR S b A K
M2 AE 2006 4 M3 PR K26 T B il 2 3
(Taraxacum albiflos Kirschner & Stepanek) /32515
FNNER, FEXHZEIT T AEYF SE I AT
MM IR F 2 A B R AR A SR A
12 FEHAFIMILR

[ 3% w7 N =R 7 NS f o3 Wi N
AL AR &, et AR ) TR ST s
FALPIIN &, TR EHE A EOR A R A W]
HiE . CIROHR . JoK Ol , EEILSUKEN
T AEARIEFRAE, BIEENE BT A PR R

SE R FZEOK A, RIS A PR A
Jr ) B TR, RSl A FRA A
TEIRFEIR, IR HT S A R A 5 O
WA, ZEISS 2wl HARERAL, HEEE-IE
BRI /N
13 REEREIHE

PN AR TR AR IR 95 < B DR A 8 VKA B N A TR
P PREEFN 2 PDA VAR 176 1k, 25 °C fH i s
F& 7 d; FHERP - IGE B0 B 224 F0 %) 500 mL
i) PDB 55, 7EEIK | 25 °C fHiRIR 7 1
357 d, H3E 150 r/min, RIGR TR, FOKESE
Hrh(80 g/4%) 1R 2 mL Fh ik, LREFE 200 4%,
25 °C fH 1557 60 d. K5 =47 0 FOK B BEYI B
T4, 43 et FH A7 T . 2L TR 2 T A PR R 7 SR
2h (55 w), X 3K, BIAME. LR
AV P T, AR B 0 i A0 B 6 2L TR U TR
PR AT RS
14 AEERERINASZERING
ER
141 HEKMNE

SR FH T 22 1 A i ok ) 5 R B o A 2
KBTI IE A o K S F 10%H BV A
1SR W AW E 4y ) 150.0, 75.0. 37.5, 18.8.
9.4, 4.7 1 2.3 mg/mL fIEEE, I 0.22 pm kit
UEARLIUE, H] PDA H5FRHEFRE 10 %, 195|m4
WerE 439k 15.00, 7.50, 3.75. 1.88, 0.94, 0.47
1 0.23 mg/mL A& 235 FR 5L, XTRO A S5
HH ) PDA B555 58, FIATHLARTIUEZ o 6 mm
P R R B, BB R TS AR L,
25°C TIEERFR 7d, A H WS R 2L KGN,
T 3N EE

P 22 A KA =[O BT Vg AR b R T
& EAZ)I O B BRI V& B AR TR D ELAR)] x100%

i /N W @ W B (minimum inhibitory
concentration, MIC) 3l 2 . 7E 5 R 5 5% 2 d
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J& , VARG IR L F R K A 22 i B Ik 1 ok e/ N
W . B/ A B W (minimum: fungicidal
concentration, MFC) il 21 Ze 5 IR B 15 9% 5 d
J& , ARG FRE F AR K I 22 B S Uk B Sl s /N
PR
142 WFEEAENE

S Wei 2 M E T A R TE
BE SR 0 B RO B mL JEEEK, EiIE
PAR P E R A, A 50 mL PDB 333
Herp, 25°C, 180 r/min [HIRIRZGH 7% 6d, HK
B SUZ 2D AT A 72 8, SRR ok 31Kk,
e B B A 1x10° - /mL A9 TR TP
¥ 5 mL I B AR A NS E] 5 mL F
A A TR He B R B (0XMIC, 1xMIC, 2xMIC,
4xMIC, 8xMIC)H) PDB $5 55k, 2B
B E S 0xMIC, 1/2xMIC. 1xMIC,
2xMIC. 4xMIC, 7£ 25 °CH#& 12 h, B 50 uL
T B BRI, DR BAEEIER, TR
PLEFE R 2y 100 961 Xk 7114k, 1
FERER TR AEEOM L, 1153
TR,

6115 & =00 W k90 T EU A 1 T B
x100%.
143 ASREERLESUE

KA TS " LIS . W &R
il #5 PDA 53850, 7E3G R iaRHE A TG
W a T, RIS BRI, TRk
FELAZ SN 6 mm PR B DF, 25 °CfH iR B+
BWHARKBERY RN =02 =, BURSHI R, K
BAE S A REBWHE ) MIC [ PDB R 773,
25 °C {HlA$5 3% 24 h, JoR/K Pk 3G E Tk
WA N T IS WA
144 HEXBESEMZEESENE

S8 Xue Y7 u S0 H SR R R
i F 10 mL AN [FEVR S (0xMIC, 2xMIC,

AXMIC)/rHIhnA 10 mL f 7B IF il H, &
B U 435 0xMIC, 1xMIC, 2xMIC
A T2IFH, 25°CHIERFE 0, 2. 4. 6. 8.
10 h )5, FMSRONEH S, 76 10 mL ]
TEIFW P 3MA 10 mL A [R) i 32 0
(0XMIC, 2xMIC, 4xMIC), 25°ClaJE}%FF 0.
2. 4. 6. 8, 10 hJ5, 12 000 r/min Z.> 2 min
W B . RSO TN E 260 nm 4k
RO . B EE 3IRER
1.45 MDA S =MEEENE

T XA 25 1 7 U9 B AT e o 0 A
7. 7£ 500 mL PDB H;7eFehifh 8 Hh it N
6 mm [ J5L I, 25 °C. 180 r/min fH IR IR %
FEFR 3 d, REIA 224K H 5 WL mL %4251 100 mL
i) PDB $53: 3k, 25°C. 180 r/min {8 IRk 7 1%
7% 3d, WINIRE LR E S5 0, 3.75,
7.50 mg/mL, 25 °C 4k&i4R¥% 5% 0, 12, 24,
a8 h J5 By, ik, PBS Pk 3 kI T KAy,
FREX 0.1 g 224 /. MDA %+ H1 SOD. POD.
CAT i 770 7 F34e B0 G 100 BH A3 R A T 48R4
FAL R 3REE .
15 HIESHH

K H Excel 2019 #1785 #8 5% AR5, R
SPSS 23 #4417 ANOVA MK 2 7 224507, 45
RUPSEYEAREZE RN o SR Prism 317
KR HIE

2 BREAM

21 B ASZEREZE KN
PEHUINT NS 8% 5 T T 22 A A A
WK 1R, 5 NS B T 22 A=K i 2240
1PN, B3R 356 2 KA, JREU R 15.00,
7.50 F1 3.75 mg/mL 485 FE RN NS TR 20 A
il 251185 100 %, BPFEHCHINT NS4 800 1) i
INITE Y E J9 3.75 mgimL . 5597 5 d J5 2 B vk
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Figure 1 Effects of extracts on mycelia growth of Sclerotinia ginseng.

*1 RIS ASREEREZE KHIFIR

Table 1 Inhibition rate of the extract on mycelia
growth of Sclerotinia ginseng

e pE Wk ER NS
Concentration Colony diameter Inhibition rate
(mg/mL) (mm) (%)

15.00 0.00 100.00a

7.50 8.67+1.76g 89.06+2.22b
3.75 18.83+4.19f 76.22+5.30c
1.88 26.33+0.58e 66.75+0.73d
0.94 50.83+2.02d 35.82+2.55e
0.47 61.00+£0.87c 22.98+1.09f
0.23 66.83+2.75b 15.62+3.48g
0.00 79.67+£1.04a -

TE: 7 BN 7 RIS R, By 3 Yl & /-1
WER bR R 22, R F— S B 5 A F/NG TR

£ 7B #E(P<0.05); — FEIMi R

Note: Colony diameter was measured on the seventh day, al
data are means of 3 replicationstSE. Different lowercase
letters at the end of figure on the same line indicate
significant differences (P<0.05); —: Indicates no inhibitory
effect.

[k 15.00 mg/mL (185 FRFxT NS S0 14

il 4 100%, RPEEHUYIRT NS 8L 1R 1 e/ VA

Bl 15 mg/mL .

22 REWISMASZERER AL
HER 2 Al 1, BEFREITE R 12 hisr, REsHn

PRI NS BT k%R 84.85%; $EHL

Y E S MFC B, AS AR I &% N

9.31%, fflB&IMiEiIZH 90.69%; Ik
1 1xMIC B NS BRI 8 & %R 39.38%,
17 A 52 60.62%.
23 BN ASRZEREZESHSN
PEIUP X N S 4% 45 TR TR 22 TF 25 199 5% i) 4
Bl 2 iR, i A0S, RS (B 2A)
NS B R R . RIEDEH, ALY
(B 2B)Ab PRI B 22 TE S S0, W22 T2, b
K, NEWIMNS TR 22 B2 .

R2 RN ASREEBFHLENFN
Table 2 Effect of extracts on spore germination
rate of Sclerotinia ginseng

W [ &S ENIES
Concentration Germination rate  Inhibition rate
(mg/mL) (%) (%)

15.00 (MFC) 9.31+2.41e 90.69+2.41a
7.50 (2xMIC) 27.03+1.58d 72.92+1.58b
3.75 (1xMIC) 39.38+2.09c 60.62+2.09c
1.88 (1/2xMIC) 78.95+1.50b 21.05+1.50d
0.00 (0xMIC) 84.85+2.12a -

e BE 3RME N T8 MrbrifiR 2, FdhE—4
Kot 5 ARl /NG SERE R R 22 53 .3 (P<0.05); —: oAl
R

Note: all data are means of 3 replicationstSE. Different
lowercase letters at the end of figure on the same line indicate
significant differences (P<0.05); — Indicates no inhibitory
effect.
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B2 REMINASRERERLLS

A
Figure 2 Effects of extracts on mycelium morphology of Sclerotinia ginseng. A: 0xMIC; B: 1xMIC.

24 REUIXT NS 1% B 40 B AR E 1 RY
A

24 Yt R332 11 79 72 b T S Bt A4 e R85 4 1)
PHRREEE , YA 2 3000 3 i B aE g, 2
M. AhHLfR A, SEOR SRR A,
PRI NS R TR s 3A fr
AN, N HRAL A L R TC B AR AL, T AR FRZH Y
TRLE 6 h 5B 7E855% 10 hiInf, $25U)
WA IxMIC (1) HE 25 LT BRAT SN 24.74%,
PRI B R 2xMIC L SR LR BRA A L
BN 30.11%. R P A A AR TR R — Rl A
WY AR IE RO AL R O B R
SR 20 4475 7] S BOR BR U 2 40 AP
Kl 3B s, %R AR L i R AR
AL, KeFRIHE D 10 hisf, SRR E
i 1xMIC %R & & He Xt BRAL 14 56.89%,
B 2xMIC (AR IR 5 e b X BE AL 38
62.85%. HL TR FIAZ IR & 5 (138 il B E2 B
AT DA 5 NS 45 T %) 200 B a8 v , BT S e
2 L B ) AL A R
25 REWIX AS#ZE EMDA zmgm

PRI NS A MDA & 5 52 M
K 4 Frs, (RAEFRA (IXMIC) A S S H 22
MDA & 2 Bl 15 FR I [B] A 3 g g i e, e kb

A 1 600

-6 0xMIC

1500
A 1xMIC

1400 5 ZxMIC

1300

1200

Relative conductivity (mS/cm)

1100

2o L & OxMIC

4 1xMIC
2.0 -
-5~ 2xMIC

OD?E\U
%
T

1 (h)

& 3 hﬂ%ﬂk*&ﬂ@%%ﬁﬁﬁﬁm Al
A: BSE; B: BIRE

Figure 3 Effect of extracts on cell membrane
permeability = of  Sclerotinia  ginseng. A:
Conductivity; B: Nucleic acid content.
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= IxMIC
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MDA (nmol/mg-port)
W
T

il

0 12 24 48
t(h)

4 RN ASZEE MDA 2 BN
Figure 4 Effects of extracts on MDA content of
Sclerotinia ginseng.

P48 hJ5, MDA atExf B4y 5.60 £f;
AR (2xMIC) NS % FL T R 2217 MDA & &
STt R AR ES, JFAE 12 h & i,
JENTHRZH Y 12.40 £, MDA HeJE4% # HIENS
i EALRYTE RS, MDA &R B i L B
REAE A I T 22 AR LR, 5 ]2 g oo S Ak S iz
HE T 3 AR 4% o
26 BN AS#%EE SOD. POD
CAT JENHF

PR NS5 SOD ., POD Hl CAT
JIHIZ AN E 5 BN o $EIUCIHR R 1xMIC B,
NS SR 2211 SOD 1 1 bt 25 Ak BRI ] £y 38
T, 7EAL B 48 h i H X BRZL 31 29.89%;
PREHRE N 2xMIC I, AN SR E 21
SOD ¥ J1 2 e T+ i e FAR e %, JHAE 12 h it
WG i, X BRAHIE A 41.54%, POD Fi
CAT i JiZefka% 5 SOD #H{l, 2xMIC AbF
HAEAL PR 12 h 3K B IR, POD 1 J1 &% B2
) 16.42 £, CAT i J ELXTRELI3% fin 57.93%;
IXMIC AbFRAAZEANFE 24 h 5, POD 1% 712 %) id
MY 2.76 5, CAT i Jj Hb X BRALHE N 72.14%.

0 I

[ m oxMIC
| 1<MIC
40F O 2xMIC

20

SOD (U/mg-port)

10

t (h)

B 150
B 0xMIC

B 1xMIC
0O 2xMIC

100 [

50

POD (U/mg-port)

t(h)
C 151
W 0xMIC
B 1xMIC
O 2xMIC =

—
[w]

CAT (U/mg-port)
W

0 12 24 48
1 (h)
E5 REIX AS#ZEESOD. POD. CAT &
pal:0EA A: SOD ifiJj; B: POD {ifJj;
C: CATIE N
Figure 5 Effects of extracts on SOD, POD and

CAT activities of Sclerotinia ginseng. A: SOD
activity; B: POD activity; C: CAT activity.
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3 & #

W) N A T BT TR T P R AE O AR A 2
T % (% 8 % )y 16 2 —1%3 . Endomelanconiopsis
AT B (R A ) JE  FLUAE A A
R, AU 9 ML A HE" S, KT
HUAE A =006 I M AL TS B B
TH5% E. microspora R AEACET =t A S8
FEIIHRIER, ABSEEER T E. microspora
REEVI0) IR CBRAEHUY) , 3 5 NT 22 4 KR
R R R TR 22 BROR SIS A
L FEE 368 575 M LA 7 T AT E Y . DR SR A IR AR
B, E. microspora & iz £, Bg R Hu) BoAa il A
SRR 2B K, /N E R
3.75mg/mL, /AR A 15.00 mg/mL . It
AN, AR5 KB E. microspora LR L BREEEY)
XF NSAZ B PR 0Tt FLA B i P k3R
1 ELAD ISR SR BRI OG, X 5 240]
O ETEM A B R B £ 1R L TR 2 B 3t N 2
R A AR A 25 SR P — 3

L Z2 410 T 4 Jo Ak BRI I AT 220 25 1 AR AR X
K IRZG P A PR S AT S P o Tk
—LWF5E E. microspora 3B XT A S AL R Y
POGEHLA] , A5 30 20 0 U5 UL 4R B Ak B iy
JE NS IR W LIS, 2581 EH, #2IW
WG 2L SR, NWEYING, MW=
. H AR E. microspora $ B AT BERIR T
NS H 22 AR, o T HE B, &
HA MNP RS A KRR PIPI R
WIAT DA 2 RO 9 SR TR ) B 22 T3S, DT ) T
2 TE AR R T o Tao P00 )5 5 1
FEA IR, AP U] 0 5 | e M 5T 25 2k A T 224
H L AT Ui 36 K ) 8 T 22 O 45 . Shen 25129
1 o WL EE A i B Ak ST 5 /N2 R T TR T 22 B 3
HIARAL KB wr s Ak B /N 22 ik D B B 22 T

o RIMHLRE . BRI, SRR AT U
s, T EGER, ZFEMRT E
microspora & B xt N S 4% 4% T 40 e B 38 8
RS2, #E—438r E. microspora HEHU R
FLEABLE

20 2 20 P ) EE AL R A, TER R AS
BoReE B P REEEMIEN, YEFHZH
BU TR 245 400 19 SR 35K o 200 e S a8 R,
ZAUNDELT/V S S I BUR ) S IR i1h A A
R R Ab AT s R R TR R X I T 0 i A 17
PRI P ARG & AR B A H S N S
W SRR S EE L, kg
Rk —UE E. microspora 2 IR T A
ML E A I B T . Zhang 25RO 58 R 2-
S B TR T A IR AL IR BB B AN A ) o 4
P, S HBESENERSERE BT, 54K
WFoT 45 AR

FEE A a4 2 A4t 300 35 P 38 o g = 22 i
HZ—, MDA g #bnyr=4, MDA &
R AR AR T S 0 B A 5 405 A R B3 AR
i, RALFEZE (1XMIC)HY MDA & fifi % 55 97
IS 1] Y 5 0 2 2 G, S AL BRZH (2xMIC) Y MDA
THLTE 12 h i ey, RS T RE. MDA &g
Ut B LU VE G NS A% 38 TR 22 8 & A
T ReBT AL, BEAE R A A IR, 20
fede gt NS MDA &8 R, X 5%
BEBEAET/INAZ AR T OIS 45 SR

SOD. CAT Fll POD /& W& £2 {4 N 85 2 P 4
AT, AT LA R A P A 3 12 48 (reactive oxygen
species, ROS), fEIEWHI T, THHEAR™ 4
FTHEBR AL F Sh A F AR 2 , 0 3 B Al 1 2 114
AR A I I R S AR Y HEAR BT AR o, $R
B IR AN S 0-48 h, fIRAL3EIZH (1xMIC)
FA PN SOD . POD HI CAT Ft i 11 44 bifi 25 Ak Rt
6] () KT BT AL BRZH (2xMIC)/Y SOD |
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POD il CAT 1 J7 Fifi & Ab 38 [1] (14 SiE K 349 52 B 5
ETHERAR S, £ 12 h ARG 7E4R
BWERT , 22 U N 7 2B DR 4 il 0 B
ROS MM AR TR A, 1 = AL FRZH (2xM I C)Fifi & ik
PRI IR, BEZ20RN ROS (=4 il T f 9
M TEBREE ST, TR T ROS 7=4: iR 1)
SAAE, BRI ERGT A ROS BEIR, M
1717 B4 R A1 - Gao 25 %0 % BL7E A B A Ak 72
T, /NEHRTIH SOD . POD #il CAT (i bifi &
LA B vk B 0 18 T AR . Halifu 220 5
R TE ZT05 £ 1R L BRI X il J8 i 22 CAT .
SOD #il POD {if JJ I sZ M 45 5 S AR 45 52510 .

25 BRI, PRI JE N AE T8 (E. microspora)
LR TR BB AT NS 4% 5 1 A 400 4 P = 2
TR RG24, SO g0 W B, o
T B N & W0 2R o A9 i AR A b g 1
i 7 FIAETH A 98 N A2 T (E. microspora) 2.2 1
PEH S NS B PIE IR, R E
microspora £, PR R U WA T & A A
T, X ASEERABTRIREE T B
. AR EIRFIE T E. microspora 4R TR
PEIUYIXT NS A% 5 TR B A 2, (E LS
v A B, DR I i 800 5 0 — 25 5% L el e
TR .
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