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Isolation, identification, and antimicrobial activities analysis
of natural entomogenous fungi and the endophytic fungi from
Dashao village, Songming county, Yunnan province
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Kunming 650500, Yunnan, China
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Abstract: [Background] Yunnan boasts abundant Cordyceps species resources and the natural
Cordyceps species community contains diverse endophytic fungi, which can be used for mining
antimicrobial. [Objective] To investigate the diversity of entomogenous fungi and the endophytic fungi
in Dashao village, Songming county, Yunnan province, and screen strains with antimicrobial activities.
[Methods] Entomogenous fungi and the endophytic fungi were isolated from Cordyceps species samples
with tissue separation method. They were identified and the diversity was analyzed based on
morphological observation and sequencing of ITS, nrSSU, nrLSU, tef-1a, rpbl, and rpb2. The activities
against 7 pathogenic bacteria and 5 plant pathogenic fungi were tested by plate confrontation assay.
[Results] A total of 86 natural Cordyceps species samples were collected, which belonged to 7 species
in 5 genera in 3 families: Cordyceps (1 species), Beauveria (2 species), and Samsoniella (2 species) in
Cordycipitaceae, Metapochonia (1 species) in Clavicipitaceae, and Ophiocordyceps (1 species) in
Ophiocordycipitaceae. Meanwhile, 26 strains of endophytic fungi in 9 genera of 9 families were isolated
from the samples, among which Trichoderma (38%) and Fusarium (19%) dominated. In addition,
20 strains, which were selected from entomogenous fungi and endophytic fungi according to their
origins and taxonomy, were tested for the antimicrobial activities. Results demonstrated that 11 strains
showed activities against two or more pathogenic bacteria, and 13 strains against more than one plant
pathogenic fungi. Trichoderma sp. Y3-1 and Fusarium sp. WZ3-1 demonstrated broad-spectrum
antimicrobial activities. [Conclusion] The Dashao village in Songming county of Yunnan province
enjoys rich resources of entomogenous fungi and endophytic fungi and the isolated fungi show activities
against diverse pathogens. This study enriches the diversity of entomogenous fungi in Yunnan province,
providing not only data support for the development and utilization of entomogenous fungi and the

endophytic fungi in Yunnan province but also strains for mining active substances from them.

Keywords: entomogenous fungi; endophytic fungi; culture isolation; species diversity; antimicrobial
activities
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28 W B Bl (Ophiocordycipitaceae) . 7% ff T #F
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Figure 1

Cordyceps samples collected from Dashao village, Songming county, Yunnan province. A: The

natural habitat of Cordyceps species; B: C. militaris; C: Ophiocordyceps highlandensis; D: Suspected

Beauveria spp..
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Cordyceps militaris Samsoniella alboaurantium Samsoniella hepiali

Beauveria bassiana Beauveria pseudobassiana Metapochonia suchlasporia

2 HEHBELAMSBERESHHFME A-CH G-I WHEEA; D-F Ml J-L: 5, frR:

10 pm
Figure 2 The characteristics and microscopic features of entomogenous fungi. A—C and G-I: Colony on

PDA; D-F and J-L: Conidiogenous structures; Bars: 10 pm.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



VRN A 2P i ORI R AR AR O S A A TR PR 70 B S S AV R i 20 M 4055

64 Beauveria bassiana (MW 113259)
68 Beauveria bassiana (MK952412)
Beauveria bassiana (MH483921)
61 Beauveria bassiana (KT280276)
Beauveria bassiana WZ3 (ON237589)

EBeauveria bassiana WZ8 (ON237595)
Beauveria bassiana (MW 113289)

Beauveria bassiana WZ.11 (ON237598)
Beauveria bassiana WZ4 (ON237590)

Beauveria bassiana WZ5 (ON237591)
Beauveria bassiana WZ.6 (ON237592)
Beauveria bassiana WZ7 (ON237593)

Beauveria bassiana WZ9 (ON237596)
Beauveria bassiana WZ.10 (ON237594)
57 Beauveria bassiana WZ.12 (ON237597)
Beauveria bassiana WZ.15 (ON237599)
Beauveria bassiana WZ.17 (ON237600)
AEBeauveria bassiana WZ1 (ON237588)
Beauveria bassiana WZ.19 (ON237601)
Beauveria bassiana WZ23 (ON237602)
Beauveria asiatica (MN401629)
— L Beauveria brongniartii (EU573316)
83 92 Beauveria pseudobassiana (MN588116)
1 A'EBeauveria pseudobassiana WZ22 (ON237673)
Beauveria pseudobassiana WZ14 (ON237672)
Samsoniella pupicola (MZ827085)
83 Samsoniella alboaurantium WZ18 (ON241780)
Samsoniella alboaurantium WZ21 (ON241781)
100 Samsoniella alboaurantium (MT974205)
80 Samsoniella hepiali Y10 (ON237646)
100 Samsoniella hepiali (MW710210)
Samsoniella hepiali WZ2 (ON237642)
Samsoniella hepiali Y1 (ON237643)
Samsoniella hepiali Y2-1 (ON237644)
Samsoniella hepiali Y6 (ON237644)
Cordyceps militaris (KY407759)

Cordyceps militaris Y12 (ON237585)
Cordyceps militaris (MF377624)
100 Cordyceps militaris (MF379261)
Cordyceps militaris Y13 (ON237586)
55 Cordyceps militaris Y2 (ON237580)
| Cordyceps militaris Y5 (ON237583)
Cordyceps militaris Y3 (ON237581)
Cordyceps militaris Y4 (ON237582)
Cordyceps militaris Y11 (ON237584)
Cordyceps militaris Y14 (ON237587)

99 Cordyceps capitata (U57668)
Cordyceps cicadae (KF696557)
Cordyceps nutans (AJ536561)
Ophiocordyceps sinensis (HM595993)
99 Ophiocordyceps melolonthae (OK586482)
93 Ophiocordyceps highlandensis G5 (ON237676)
94 Ophiocordyceps sp. (MK632048)
Metapochonia variabilis (KU746683)
100 Metapochonia suchlasporia (LC529954)
100 Metapochonia suchlasporia Y9 (ON237676)
Fusarium solani (MT292553)

B3 ETITS FIMETHHEEEARRZREN S5 8“Y” “WZ” “GRIBEMANADITE IS, H5E
SINFF S NI IE M GenBank P45 s NARTT ST N SR, HITAERIZ D SCA R T SERE . R )
Figure 3 Phylogenetic tree of seven entomogenous fungi based on ITS sequence. The strains numbered Y, WZ, and

G were obtained by this study, and the serial number in bracket is the GenBank serial number of the strain. The
number of internal nodes is support value, which represents the reliability of the branch structure. The same below.

96

100

——
0.02
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®k1 ZEHERAEIBEEMBHNHEERER
Table 1 The entomogenous fungi collected and identified from Dashao village, Songming county, Yunnan
province

Species Genus Family Number of isolates ~ Percentage (%)
Cordyceps militaris Cordyceps Cordycipitaceae 8 24
Samsoniella hepiali Samsoniella 5 15
Samsoniella alboaurantium 2 6

Beauveria pseudobassiana Beauveria 2 6

Beauveria bassiana 15 46
Metapochonia suchlasporia Metapochonia Clavicipitaceae 1 3

Schizophyllum sp. WZ8-1  Phlebia sp. WZ4-1

Penicillium sp. Y6-2

Nigrospora sp. G5-1

100x ) 2
10 pm 10 pm 54

Mucor sp. WZ4-2 Trichoderma sp. Y3-1 Fusarium sp. WZ3-1  Clonostachys sp. Y8-2

B4 MOBENEEREEPBRKESHHE A DML HEELS; E-HM M-P: =g,
FrR: 10 um

Figure 4 The characteristics and microscopic features of typical endophytic fungi from Cordyceps samples.
A-D and I-L: Colony on PDA; E-H and M—P: Conidiogenous structures; Bars: 10 pum.
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52

54

68

ﬂ': Trichoderma sp. WZ9-2 (ON226860)
Trichoderma sp. Y9-1 (ON22686)

Trichoderma afroharzianum (KX357842)

Trichoderma sp. Y8-1 (ON226862)

96

Trichoderma sp. Y11-1 (ON22686)

100

Trichoderma sp. Y4-2 (ON22686)

Trichoderma reesei (MH153643)
— Trichoderma sp. WZ6-2 (ON226858)

100

62

100

99L— Trichoderma hunanense (NR 154571)

100 I: Trichoderma sp. Y12-1 (ON226865)

Trichoderma caerulescens (MH865625)

480‘: Trichoderma sp. WZ10-1 (ON226859)

89

Trichoderma paraviridescens (MN900599)

Trichoderma sp. Y3-1 (ON226866)

60

_|: Trichoderma sp. WZ5-1 (ON226857)
98 Trichoderma koningiopsis (MF116295)
[ Clonostachys sp. Y8-2 (ON22687)

100

62

100

89

100L— Clonostachys solani (MW291601)

ﬁ‘:Fusarium sp. WZ3-1 (ON226852)
Fusarium acuminatum (MT973999)

100

100

Fusarium sp. WZ6-1 (ON226853)
Fusarium sp. WZ5-2 (ON226851)

ﬁ': Fusarium sp. Y2-2 (ON226854)
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Figure 5 Phylogenetic tree of endophytic fungi based on ITS sequence.
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Table 2 Endophytic fungi isolated from natural Cordyceps species

Classification status Sources Number of isolates  Percentage (%)
Family Genus Y wzZ G

Bionectriaceae Clonostachys 1 - - 1 4
Melanconiaceae Pestalotiopsis 1 - 1 2 8
Trichocomaceae Penicillium 1 - - 1 4
Mucoraceae Mucor 3 1 - 4 15
Moniliaceae Trichoderma 6 4 - 10 38
Tubeculariaceae Fusarium 2 3 - 5 19
Dematiaceae Nigrospora - - 1 1 4
Schizophyllaceae Schizophyllum - 1 - 1

Corticiaceae Phlebia - 1 - 1

Toall 14 10 2 26 100

TE: = WEARMZAEA B2

Note: —: The genus was not isolated from the samples.

R 1 % J& (Clonostachys) . # # £ & 1 )&
(Pestalpsotiois) . T B J& (Penicillium) . E7%)&
(Mucor) . K % J& (Trichoderma) . %t 7] W J&
(Fusarium) . & % J& (Nigrospora) . 4 & J&
(Schizophyllum) T} K J& (Phlebia) 9 1~ J& , LA
RS GenBank d 2 -5 AR RH T TR AR U AH
ISR 99%—-100%, HH A% & (Trichoderma)
18 T 8 (Fusarium) A I IR 43 85 58 0E Py 15
PEFATE 230 i U N AR T 0 25 R R A
9 38% 19%. HILHT UL, = 1w & W RN 7
At 1) J A L S N A B B — E R 2
R
22 FInEEEIEEMYE

Xof T 4 5 DR AT Y L T 4 A3 i IR S AR A
J& . M\ A TR N A LT TR AR PRI 20 B
AR PR EA T8 I A0 oA L P Do L o 4 T
TEPERESE . G5 R, M Etk A 11 R
XF 2 Wk B LA i A0 TR R A A [ R R 1 4 o AR
H; HAH 10 ¥REXT Staphylococcus aureus
ATCC 25923 A AN [AIFEBE ARG 1, o5 32
PRSET 50% (3% 3). A 13 FRIELEXT—HRDLHAE
YR E R A RSPiRE (R 4), HHXT Fusarium

oxysporum f. sp. cucumerinum ., Fusarium fujikuroi
Fusarium oxysporum f. sp. niveum . Fusarium
moniliforme Sheld #l Fusarium graminearum B
A B8 K LB AEBURE 1 (S0%<HE T4 I T bk 23
A 6. 11, 10, 8, 7 #ko (EXSEHAMEHE
BB REH , Clonostachys sp. Y8-2 Xt Staphylococcus
aureus ATCC 29213, Bacillus subtilis ATCC 6633,
Enterococcus faecalis ATCC 29212 & MRSA-1591
AU RIVRAVER, X 5 BRAEYDIR I B A o st
REJ1; Schizophyllum sp. WZ8-1 Nigrospora sp.
G5-1. Pestalotiopsis sp. G5-2 . Pestalotiopsis sp.
Y8-3. Mucor sp. Y10-1 F Fusarium sp. WZ6-1 X}
5 R I LT HA A [FRR B RS TVE AT, i HL
/0% 1 MR IR LA B BORERE T, Xt
WA I BAMEIVER . Trichoderma sp. Y3-1
1 Fusarium sp. WZ3-1 X135 R0 MRSA-1591
MRSA-1505. Staphylococcus aureus ATCC 25923
M Acinetobacter baumanii ATCC 19606 ¥ E.H
BRI HIE R, TRIEEXE 5 kAR s D 0 1 [
HAAFRERDUREST, miHZ2X 3 #R2LE
e S5 L ] BAT R BEBURE 1 (18] 6), $2m
B AR EA TIPS
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Table 3  Antibacterial activities of typical strains

Strains No. Inhibition zone (mm)

Y3-1 Yeé6-1 Y6-2 Y82 Y9 Y12-1 WZ1  WZ3-1 WZ4-2 WZ5-1 WZ5-2

MRSA-1591 10.00 - 5.05 16.19 7.15 10.22 - 10.37 - - -
MRSA-1505 20.06 - 20.24 - - - 5.44 20.16 - 20.10 -
MRSA-2024 - 455 - - - 5.43 4.68 8.29 8.33 - 5.65
Staphylococcus aureus ATCC 20.33 15.18 — 16.37 10.11 20.21 8.53 8.55 5.54 20.22  20.08
25923

Bacillus subtilis ATCC 6633 - - 488 8.12 - 4.59 - - - 5.23 4.66
Enterococcus faecalis ATCC 20.05 556 - 10.10 - - 15.19 - - - -
29212

Acinetobacter baumanii ATCC 2525 478 2021 - - - - 2032 - 25.14 -
19606

H:o— MEBERR 0; WS HA < AR BENARRE, KA RR ERR; WkHSHERE 3 fE S
Note: —: The diameter of the bacteriostatic circle was 0; Strain numbered with “—” represent endophytic fungi, while those
without “-” represent entomogenous fungi; Strain numbers are the same as those in Figure 3 and Figure 5.

x4 MOERNEVRREFRNERER

Table 4 Antagonistic effects of some strains against plant pathogenic fungi (antagonism rate (%))

Strains No.  Fusarium oxysporum  Fusarium fujikuroi ~ Fusarium oxysporum  Fusarium Fusarium
f. sp. cucumerinum f. sp. niveum moniliforme Sheld  graminearum

Y3-1 56 54 66 53 63

Yo6-1 - 50 - - -

Y6-2 - 47 66 54 -

YS8-3 - - - 71 -

Y9 - - 60 43 -

Y10-1 - 66 45 345 -

wZ1 - 66 60 51 -

WZ3-1 43 61 63 53 67
WZ4-2 - 63 48 51 -

WZ5-1 77 77 66 48 61
WZ5-2 50 56 61 44 60
WZ6-1 56 59 61 38 63
WZ38-1 60 - - 44 -

G5-1 60 75 60 54 61

G5-2 - 75 60 54 61

T - JCHEPUER

Note: —: No antagonistic activity.
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Eo6 MHHRENLER Trichoderma sp. Y3-1 FIIEEME  A-D: {KIKALFE MRSA-1591, MRSA-1505.,
Enterococcus faecalis ATCC 29212 F1 Acinetobacter baumanii ATCC 19606; E—H: {KKACFE Fusarium

fujikuroi . Fusarium oxysporum f. sp. niveum . Fusarium moniliforme Sheld # Fusarium graminearum

Figure 6 Antimicrobial activities of Trichoderma sp. Y3-1 isolated from natural Cordyceps militaris. A—D:
represent MRSA-1591, MRSA-1505, Enterococcus faecalis ATCC 29212, and Acinetobacter baumanii
ATCC 19606, respectively; E—H: represent Fusarium fujikuroi, Fusarium oxysporum f. sp. niveum, Fusarium
moniliforme Sheld, and Fusarium graminearum, respectively.

3 Wi
30 ZEERAMMRERESSEHH
CEERENEEEEE

AWK Aom AR, HAESRS
HLA B a3 R rE F R v, R, e
AR A, AR EZR:, ZETEEN
YRR, FIREAE T EE R s A B A
AR B IR . A 588 4 4l 55 57 0 825 1) ik
WHIE T == B v B KM AN [A) B B % 1 ) A 4l
W, WFRESREH, = Eg e B R 4 2 R
R AN R, YR 2R,
[i5] B 2 I S AN [] H o H AR 6 O R R 2R Y &
B, WA RA A TGRS T B YRR
B2 REVE, M JE R K HOR O HLR Y T A

FIFA PR AL SRR o [FIB, ARSI M X
HFEZ SRR E B, ILHJE N g
AR, PLR R 2 BRI ER A 3
W, Hhs sk i 24—, 203 E &R
BBl (Scarabaeoidea)s] ., T ERT B 3 45
M7z, G EH A EH S, 45 R K
B, TERWERBRARAE S R e b BV FLR A AL Hp
J& S EEHA, X RRARE RO R R —E 8
YEM .
3.2 ZEEAXEHEXAETEERERE
EEZRPEESZMINEELEEK

HEAE R —RE A R EE Sk, HFh R
2 B, HAG & T SOMURR e 20 TR
B AR SRy HE 8 D TR A B TR 1) F 9 A0 A
BB BN, ST EE (Metarhizium
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anisopliae) fig W & 31 il /N 22 S0k 5 T T 22 4=
K, B R (Beauveria sp.)BEE FHAERIYIFR PRIt
XA 9 D L TR L B R b, AR
[ 4& L ¥ (Elaphocordyceps ophioglossoides) "'
O B B A E BB A2 & ophiocordin HoA T g B
M, SERFEFE AR HOES; 52
W B (Cordyceps heteropoda) /& I W& P 43 15 3|
BT 2 IR AL & TR, DA R H B 2 A
KL IRTEHE ZE myriocin W L K8 %5 0 55 A 1
HVER™, frsbar WL, K BA: ECRE A A A
J RSP0 B AT REZ B R T o TEARBESE Y,

AANTR] A= LR PN AR ELRR R R TP R IERY 20 B
HORHR > B RAF RO B v, b dud: R

Beauveria bassiana WZ1 F1 Metapochonia

suchlasporia Y9 X Z2 ¥ i 4l B A P05 it L
W RA AR BRENRE e, AERRE
Metapochonia suchlasporia Y9 HRIE AR LT
FOU AR W A SRR, SRR Pk b ]
R AR AU TR TG PR Gy, (A — 245 4
XA HUAE FLRE AR W A W B R SR AL T MRk
/1B 7

M A= 1 7 [R) — PR v 1 A= 7 D3 ) Ak
(1 3L 5 o AT RE A 7 A A R R LR AR
AN F R HA YU . R BRI . Bt
Ak UCEEIRESF IR, W A&
MUK B W R A B (Scytalidium hepiali) . W
X (Tolypocladium sinense) i i ik 1 &
F(P. hepial)F KB T KREMHILEY, Xt
&Y R RA B Bt HIV AL 55 4= )
WEEN ARBIETE X 43 B A AN ) R N A LR
VAT T IS TY , 45 0 7 Rt [X 2 7k
ZHAATIEMEE R ENERE, A
O BRECHIXT 2 RS2 DL b 22 FR PR B R L A
RN TS, HrhA 5 bR EC RO g 2= FRBH
W Acinetobacter baumanii ATCC 19606 Al

TR AT, $&7 HURE P A BCTR O 5 2 PG BH A i
A —E I EEREYE, W Clonostachys sp. Y8-2
Xt 4 BREE 22 FRPEETE (3 —fk MRSA)A I 231l
YER, e AR REYIRN Clonostachys rose
it Z2 R B A T [ RE ELA R VE FR Y o, A
Jy BN AE TR R Trichoderma sp.
Y3-1. WZ5-1 X Fusarium sp. Y6-1, WZ3-1 A
ASOXT #2222 T B T 2 R i A
U A B0 RS M, R A O D I TR L 5 AT AN [
FEREHSPURE 1 o Horh, AWFSE P 3R 0 TR bR
Trichoderma sp. Y3-1 Fll Fusarium sp. WZ3-1 %
22 MR I AN G R LT B R e ), R AR
RAZ PR TE Y BT A T AR . B AT L
ARV T LT RT BE AT ) A R T T
YIRS T, 3 T FRAT N B R P AR L
TR 2 R R R B S ) AR A T S K
P, AEAF AT MRS A WA A8 . A,
A G BT R T B TR R R H AN [
fy HUR R AR 85 TP o) B A A AR AR B TR B
PRRRIE W B AR SR, WAPMERE SRR, HREbk
A AT et AR T AR 8, AT
RE™ A — LSS R RERR | TR PEAR 5 0 A A
Yy, DA S8 TR R B A 1 BRI T T B AT
FITFORY . § KRR

4 G

1 2o Xk 25 R o B RO Y ) b i A
G, KBZH X oA AR i R 5 PR AR
UBRI B . Samsoniella hepiali . 1853 HL
¥ | Metapochonia suchlasporia J {7 I 4k M B AE
B 22l A ELPE D, () IRE DA SR A 21 Y R
BEA R B 1S5 26 KR IR T 9 B9 JE N
AEE, HYR 2R G AU E X =
T i P I e IX R R o A LT M LN A LT
WA, FE Tz E R D R SR
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LHNA BRI AR T —E 2% [H
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