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Endophytic fungus EF-WCH-51 from Yulania denudata
‘Hailuo’: strain identification and determination of active
component against Colletotrichum orbiculare

ZHANG Yijun, WANG Jie, PEI Ningning, QIN Li, WANG Shijuan, PENG Fan"

Anhui Provincial Key Laboratory of Microbial Control, School of Forestry & Landscape Architecture, Anhui
Agricultural University, Hefei 230036, Anhui, China

Abstract: [Background] The endophytic fungi of medicinal plants have good biocontrol
potential because the secondary metabolites they produced have a variety of antimicrobial
activities. [Objective] To identify an endophytic fungus EF-WCH-51 with inhibitory activity
against Colletotrichum orbiculare (a pathogen causing anthracnose of melons) from Yulania
denudata ‘Hailuo’ and determine its main antifungal component. [Methods] Strain EF-WCH-51
was identified based on morphological characteristics and molecular sequences. The growth rate
method was employed to determine the antifungal activity of EF-WCH-51, and semi-preparative
HPLC and HPLC-MS/MS to identify the active component. [Results] Strain EF-WCH-51 was
identified as Lecanicillium aphanocladii. The crude extract of its fermentation broth had a
strong inhibitory effect on the mycelial growth of C. orbiculare, with ECsy of 0.086 2 mg/mL.
The inhibitory rate of the bioactive compound A (0.085 0 mg/mL) against C. orbiculare was
76.08%. The compound was identified as oosporein by data comparison with MS, MS/MS
databases and related literature. [Conclusion] L. aphanocladii, with oosporein as the main
antifungal active component, had good inhibitory activity against C. orbiculare, demonstrating
the potential as a biocontrol strain against C. orbiculare.
Keywords: Yulania denudata ‘Hailuo’; endophytic fungi;
Lecanicilium aphanocladii; oosporein
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1.1 ##

Pk EF-WCH-51, #BHfil #78 S9 1
GRAE WA B 6 S ST w Rt

PDA #5350 (g/L): + 5 200.0, #HjZkH
20.0, FAEKF 20.0, PDB K554k PDA AN
BH o

2xTaq Plus Master Mix, Jb5t R M 2249
PHEARAE; 518, LgE T Ay TRAR

F1 PCRERNII¥MEER

Al CINE(ETED), 2RO M A 50 A PR A
Al (TSR , L BOR s 4l A BR A A
PCR ¥ 14{%, Bio-Rad /A+l; ek 7&Kk W4i1L,
W TS A R TR A |l 5 W H 434
1%, Agilent 23 H]
1.2 FiE
1.2.1 B# EF-WCH-51 £F

B MEE : Bl A 1x10° LB,
il RS TR A WL 1.5 pL J B0 S 3 T PDA K5 5%
Ferpge, 25 cClEHIRIEFRAM PGSR 7 d, FFMES
WIS TESFE (B TE e . . e, 2
AR SRR EA K, ZEH# TR
WLEE (R 22 FRAE | F T IR A R = f g 1)

TP E . SR CTAB %32 IR #k
DNA, XHGIY X ITS4/ITS5. NS1/NS4,
LR5/LROR. 9865F/2218R. CRPBI/RPBICr }
fRPB2-5F/fRPB2-7¢cR (£ 1)3H¥1% ITS .SSU .
LSU. TEF. RPBI il RPB2 J¥%1], PCR i fk
Z (25 pL): 2xTag Plus Master Mix 12.5 pL, 1F .
I 5191 1) (10 pmol/L)4% 1 pL, #iAk DNA
(220 ng/mL) 1.5 uL, #A4li7K 9 uL. PCR J v 5%
4. 95°C 3 min; 95°C 15s, 43 °C (SSU)/48 °C

Table 1 PCR reaction primers information

519 % Fx Bk 2] PR 2% 3k
Primer name Primer sequence (5'—3") Product length (bp) References
ITS4 GGAAGTAAAAGTCGTAACAAGG 550 [15]

ITSS TCCTCCGCTTATTGATATGC

NS1 GTAGTCATATGCTTGTCTC 1010 [15]

NS4 CTTCCGTCAATTCCTTTAAG

LR5S ATCCTGAGGGAAACTTC 850 [16]
LROR GTACCCGCTGAACTTAAGC

985F GCTCCYGGHCAYCGTGAYTTYAT 1 000 [17]
2218R ATGACACCACCRACRGCRACRGTYTG

CRPBI1 CCWGGYTTYATCAAGAARGT 720 [18]
RPBI1Cr CCNGCDATNTCRTTRTCCATRTA

fRPB2-5F GAYGAYMGWGATCAYTTYGG 1020 [19]
fRPB2-7¢cR CCCATRGCTTGYTTRCCCAT
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Ry, BTG PH e AR T B TR
R, IR K 325 °C, i~ 0.3 mL/min,
FA A 35 psi; BAEHIE: BIE T 3500V,
FHES T 4000 V; B E: BIEF 175V, M
BT 215V, AR 60 V; B RALH
B PH 2 838 0.05-1.50 kDa, (a4 .
Aglient Porshell, 100 mmx2.1 mm, 3 pum,

K F 2P 45 B RO A 83 { HPLC
(Shimadzu LC-20 A)XPHHIEPI#ES T2 4lifl, &Rk
WAR G2 55 WahtH: A R4k, B K
ik NG, VEMLAAMF: 0-10 min, 5%-35% B;
10-15 min, 35%—100% B; 15-20 min, 100%—5% B.
PERERE N 100 uL, JREE 2 mL/min, K4 R
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FIFH HPLC-MS/MS Xt 5 A MEAT%5E,
TEhH . A NZRIBK(E 0.1%H R), B WLAG;
VEWE S5 0-3 min, 5%—10% B; 3—25 min,
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100 .
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15
Figure 1

Morphological characteristics of Lecanicillium aphanocladii on PDA. A: The front side of colony.

B: The reverse side of colony. C—E: Sporulation structure and conidia.
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Simplicillium lanosoniveum CBS 704.86
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100
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2 Lecanicillium primulinum JCM 18525
65| Lecanicillium subprimulinum HKAS99549
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Lecanicillium flavidum CBS300.70D

99 Lecanicillium fungicola var. fungicola CBS992.69
{Lecanicilliumfungicola var. aleophilum CBS357.80

Lecanicillium fusisporum CBS164.70
Lecanicillium psalliotae CBS101270

92 Lecamc.'!lmm saksenae IMI 179841
100 Lecamctllmm psalliotae CBS532.81
= 100 | Lecanicillium aphanocladii CBS797.84

100

784

Lecanicillium aphanecladii EF-WCH-51
Lecanicillium dimorphum CBS363.86

92
Lecanicillium dimorphum CBS345.37

00 Lecanicillium longisporum CBS126.27
Lecamc:!lmm longisporum CBS102072

Lecanicillium sabanense JCHAS

g Lecanicillium lecanii CBS102067

Lecanicillium lecanii CBS101247

100 | Lecanicillium uredinophilum KACC47756

Lecanicillium uredinophilum KACC44082

Lecanicillium attenuatum KACC42493

Lecanicillium attenuatum CBS402.78

100 ] 100

98

99

Lecanicillium muscarium CBS143.62

[I— Lecanicillium pissodis CBS118231
0.020

B 2 EFHEAREVAEMEEHERE ITS/SSULSU/TEF/RPBI/RPB2 ZEERFKAEM  EF-WCH-51
N HBIERR s B3 R BOR R R R AR R SRR A s bR R IR L DN A A 5 4478 5

Figure 2 Phylogenetic tree of genus Lecanicillium obtained from the concatenated dataset for the genes ITS,
SSU, LSU, TEF, RPB1 and RPB2, for maximum likelihood method. EF-WCH-51 as the target strain; The
maximum likelihood method support rate is displayed on the branches of the tree; Scales represent genetic

variations in the genome.
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Table 2  Strains used in construction of the phylogenetic tree and their GenBank accession numbers about
Lecanicillium

i LR k=2 GenBank & 555 GenBank accession No.

Strain Strain code ITS TEF LSU SSu RPBI RPB2
Lecanicillium acerosum CBS 418.81 EF641893 KM283810 KM283786 KM283762 KM283832 KM283852
L. antillanum CBS 350.85 AJ292392  DQ522350 AF339536  AF339585 DQ522396 DQ522450
L. aphanocladii CBS797.84 - KM283811 KM283787 KM283763 KM283833 KM283853
L. aphanoc!adii EF-WCH-51 0Q806916 0Q857508 0Q807036 0OQ807035 0Q857510 0Q857509
L. aranearum CBS726.73a AJ292464  EF468781 AF339537 AF339586 EF468887  EF468934
L. araneicola BTCC-F35 AB378506 - - - - -

L. attenuatum CBS402.78 AJ292434  EF468782 AF339565 AF339614 EF468888  EF468935
L. attenuatum KACC42493 - KM283804 KM283780 KM283756 KM283826 KM283846
L. dimorphum CBS345.37 - KM283812 KM283788 KM283764 KM283834 KM283854
L. dimorphum CBS363.86 - EF468784  AF339559  AF339608 EF468890 —

L. flavidum CBS300.70D EF641877 KM283813 KM283789 KM283765 - KM283855
L. fungicola var. aleophilum CBS357.80 NR 111064 KM283815 KM283791 KM283767 KM283835 KM283856
L. fungicola var. fungicola CBS992.69 NR 119653 KM283816 KM283792 KM283768 — KM283857
L. fusisporum CBS164.70 AJ292428  KM283817 KM283793 KM283769 KM283836 KM283858
L. kalimantanense BTCC-F23 AB360356 - - - - -

L. lecanii CBS101247 JN049836  DQ522359 KM283794 KM283770 KM283837 KM283859
L. lecanii CBS102067 - KM283818 KM283795 KM283771 KM283838 KM283860
L. longisporum CBS102072 - KM283819 KM283796 KM283772 KM283839 KM283861
L. longisporum CBS126.27 - KM283820 KM283797 KM283773 KM283840 KM283862
L. muscarium CBS143.62 - KM283821 KM283798 KM283774 KM283841 KM283863
L. pissodis CBS118231 - KM283822 KM283799 KM283775 KM283842 KM283864
L. primulinum JCM18525 AB712266 — AB712263 - - -

L. primulinum JCM18526 AB712267 — AB712264 - - -

L. psalliotae CBS532.81 JN049846  EF469067 AF339560 AF339609 EF469096 EF469112
L. psalliotae CBS101270 - EF469066 EF469081 EF469128 EF469095 EF469113
L. restrictum CCF5252 LT548279 LT626943 — - - -

L. sabanense JCHAS KC633232 KC633266 KC875225 KC633251 - KC633249
L. saksenae IMI179841 AJ292432 - - - - -

L. subprimulinum HKAS99548 MG585314 MG585317 MGS585315 MGS585316  — -

L. subprimulinum HKAS99549 MG585318 MG585321 MGS585319 MGS585320 - -

L. testudineum UBOCC-A112180 LT992874  LT992868 — - - -

L. testudineum UBOCC-A116026 LT992871  LT992867 - - - -

L. tenuipes CBS309.85 JN036556  DQ522341 KM283802 KM283778 KM283844 KM283866
L. uredinophilum KACC44082 - KM283806 KM283782 KM283758 KM283828 KM283848
L. uredinophilum KACC47756 - KM283807 KM283783 KM283759 KM283829 KM283849
L. wallacei CBS 101237 EF641891 EF469073 AY184967 AY184978 EF469102 EF469119
Smplicillium lanosoniveum CBS 704.86 AJ292396 DQ522358 AF339553  AF339602 DQ522406 DQ522464
- ARIFWBHCILH FEH RS

—: The relevant gene bank login number was not found.
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T, SRR 22 A KPR RCR (K 3), |y

FEH Y=6.980 3+1.860 4X, HHXZ %k r=0.924 7,

ECso & 0.086 2 mg/mL .

23 EMABGHEERYINVSHE
EF-WCH-51 KRR EED  , 457 A M

Y BT (B 4). HERTE K BB AR P Hh

AINTE TS PRy, SRS X414 A PRI 4

a3 B 0 LGP . R 2 A R R O A £
WA EF-WCH-51 & BRI Y 001 700 4 45
saifl, U4 S min i A A3 5), B
WA 2T, B2 T 5 3.7 mg, HE K
FHETE 2 A A P TR 7 S TR AR B A 43 L
PEATEERE Sy, S5 AR FRBIRAS A T b Al A
#] 75.6%.

3 EF-WCH-51 & B2 iR AR R4 x4 &5 7 RL R 2 8 R H I 4E AR

A-E R0 B2\ i B 351 0.192

0.096. 0.048. 0.024 1 0.012 mg/mL. F: BAMEXFRE. H. 25 (%f IR

Figure 3

Inhibitory effect of crude extract from EF-WCH-51 fermentation broth on Colletotrichum

orbiculare. A—E: 0.192, 0.096, 0.048, 0.024 and 0.012 mg/mL. F: Negative control. H: Blank control.

—-ESITIC

Component A

Response value (x10%)

S 2 9 9 = o=
S o By 0 © M
T T

2 4 6 8 1012 14 16 18202224262830323436384042444:648

Retention time (min)

4 EF-WCH-51 4B & HREYAETRNX T HPLC-DAD-MS 5347
Figure 4 HPLC-DAD-MS analysis of crude extract from EF-WCH-51 fermentation broth in negative mode.

mAU | Extract-190 nm, 4 nm (1.00)
2000 |-

Component A

1000 |

10 15

Time (min)

5 EF-WCH-51 ZE RS RERIEE
Figure 5 HPLC chromatogram of crude extract from EF-WCH-51 fermentation broth.
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spectrum. *: Molecular ion peak, the same below. B: Ultraviolet spectrum.
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