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Diversity and Antibacterial Activity of Culturable Endophytic and Habitat Soil Fungi of

Cordyceps militaris Collected from Different Regions
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ABSTRACT: Objective To explore the diversity of endophytic and habitat soil fungi of Cordyceps militaris in

different regions and conduct antibacterial activity analysis, and to screen out strains with good antibacterial activity.

Methods In this study, the symbiotic microorganisms of C. militaris were isolated by pure culture methods, and the

antibacterial activity of endophytic and habitat soil fungi of C. militaris was tested by the plate confrontation method.

Results A total of 86 endophytic fungi belonging to 4 phyla, 22 genera and 51 species and 71 soil fungi belonging to 4

phyla, 22 genera and 46 species were obtained from C. militaris. The dominant genera of endophytic and habitat soil fungi

in the four regions of C. militaris were Aspergillus, Fusarium and Trichoderma. Conclusion This study confirmed the rich

diversity of symbiotic microorganisms of different populations of C. militaris by pure culture methods. The active strains

screened provide a basis for the development and utilization of endophytic and soil fungal resources of C. militaris, and have

certain significance for the protection of natural Cordyceps species and Cordyceps resources.
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(1) DL B A« i PP S PY s 1 (0 3 4 BR 1 (me—
thicillin—resistant Staphylococcus aureus , MRSA-1505.
MRSA-1450 MRSA-28299 MRSAI-20), it f5UREME 1 €4,
& PR W (drug —resistant Candida albicans)23*.63",
14053), FI 6 &K (C. albicans ATCC10231), 28/l 5k
W (Enterococcus faecalis ATCC29212), k35 43 B AT 1
(Mycobacteriums megmatis 1037), ] 2 A 8l F #
(Acinetobacter baumanii ATCC196-6), i T {11 X B
(Klebsiella pneumonia ATCC13883), fili ¢ 5% 1K 7 (S.
pneumoniae BNCC338425), &5 B 2R (S. aureus
ATCC25923), RIGHTHE (Escherichia coli ATCC25922);
FEY L - ARSI (Fusarium graminearum 2) 35
JIAEZEIN 1 (F. oxysporum fisp. cucumerinum 7) V5 I
I (F oxysporum fisp. niveum 9). 5 JIVHS J& 5 T8
(Phytophthora melonis 10)FNHRERHRJI I (K. moniliforme
11)o LA EARTERS S 2 AT A

(2) R . BB DNA fili$2 150 & (B518259-
0100) .ExTagDNA % & i \Trans2KplusDNAMarker
IS HE (TAE 2% 0P Buffer; )M AE TAEY TR (L
) B A BR A A A
1.1.3 Exi

(1)LB(Luria-Bertani ) J Ji5% 4 7 35 7% 5 - B2
iR 10 g, BEREERIY) 5 o, S ALEH 10 g, BiiliE 15 g, 7%
ME7K 1 L, pH T & 7.2~7.6 JEFEIHN

(2) A= B 855 - 33 LT AL s D L T B
PDA }i 73k : B4 5 200 g(ZEWh 20 min J5 UERR A 4
Bty AR TR, I A 20 ¢, 30l 15 g, 28 1RK 1
L,pH 6.0~7.0,
12 MRFRNAELLFARG S HLL WNEH
T JE A 2 203 B R I T T R ) U HR R TR A
AR 5 mm K/ LHLUERD 2% 50 mg/L 25 WE [ iR
BRY PDA B SRdkrh 23 CIEIREE IR 1 85 AR5 R
B HC1 g B IR 2 A 9 mL UK IIE T,
T 23 CEEIRIN 120 v/min 4k %% 1 h, #4160 W 5
AbFE 40 s, B3 R 9 mL JC B K 9 LA K e
T L ERE B G R O R 107 Y 0
TREW 200 pL R AR AT 2 5 50 mg/L Z50E
MM PDA K532 5Erh, 23 CIRIRRG IR I . AR
PR EILAS B SRR, PRIRUE KR LB 1 B R
TEHAN T PDA K5 FR4E I Al bR & Rtk i
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FR AR AR A BRA ST . ARG
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KB, LA E A e e AR 4y S A

L4 I E X SR FH PR IR 2 200G I 40 o T
P o ()8 L9 JErC B 0 T 0% P < 6700 Do 00 T 42 P 2 YA
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A BR PR A MR YD GBS 7R B, 28 °C 200
min WG R REFE 24 h, HU150 WL 403572 0m
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BUEAN 4 mm B9 R AR PRS2 000 I TR A 85 5
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4 mm ¥ J5EC R 8 TR R O, FEPE L R A I 2~3 em
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2 HR
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x3 AEAEHFERENERTEAEFEFERSHENE
A LT TR
&
CDB  FZC HZ FDC SDB FZS HZS FDS
W I HE Fusarium 5 2 1 2 2 0 5 1
IR Tolypocladium 0 0 0 0 0 3 1 0
LR HIE Purpureocillium 0 0 0 0 1 0 0 0
2 A JE W JE Metapochonia 0 0 0 0 0 0 1 0
BRI E Metarhizium 0 0 0 0 0 1 0 0
HARE 8 Beawveria 0 0 0 0 0 4 2 0
#5358 B 5 Samsoniella 0 0 0 0 0 1 0 0
HHE Cordyceps 0 0 0 0 0 2 0 0
W58 Lecanicillium 0 0 0 0 0 1 2 0
758 Aspergillus 3 5 3 1 3 3 2 0
BB Trichothecium 1 1 0 0 0 0 0 0
KEEIE Trichoderma 1 4 4 8 3 4 4 5
BFWE Chaetomium 0 4 0 0 0 0 0 0
AL TS Pestalotiopsis 0 6 0 0 1 0 0 0
HEIB Penicillium 0 6 0 1 0 1 0 0
WIRH B Talaromyces 1 1 0 1 0 3 0 1
Wi S F 8 Clonostachys rosea 1 2 0 1 1 1 0 0
LHIR TG Eutypella 0 0 0 0 0 0 1 0
Eurotiales 0 1 0 0 0 0 0 0
et )E Cladosporium 0 0 0 0 0 0 0 1
SR8 T Schizophyllum 0 0 0 1 0 0 0 0
HEAR FEE R Alternaria 1 3 1 0 0 0 0 1
T E Mucor 1 0 2 1 1 0 0 0
KT8 Trametes 0 1 0 0 0 0 0 0
FR TR Umbelopsis 0 2 0 0 0 2 0 0
Wi E & Mortierella 0 1 0 0 0 0 2 1
% BRIV 8 Phaeosphaeria 0 0 0 0 0 2 1 0
WeAFFEE Petriella 0 1 0 0 0 0 0 0
S2[CHI 8 Hypomontagnella 0 1 0 0 0 0 0 0
Sz B IE Pithomyces 0 1 0 0 0 0 0 0
WL BB Mycotypha 0 0 1 0 0 0 0 0
WL A rthrinium 0 1 0 0 0 0 0 0
Psathyrella 0 0 0 1 0 0 0 0
psSay 14 43 12 17 12 28 21 10
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J& Mycotypha >y i 575 3 Ff 0 HURE Py A B TR A
Trichoderma > E& W Ja FH 0 R B ) A LR DL 3V T i
HCTE PR B T S D T O R N A R A SR
47% ; Psathyrella J& 4y B B e B 0t e P 2F LT ot A
J& s BRI TR R R A T R R, (B
B Fusarium , FLRPRA S BRI I BB 4 2 BT 508
B 36%. TE 4 DHIXASE TR, AR
Purpureocilli kW i i i oo w2 B+ SO R ; 4
TR E Metarhizium FBEH HRLJE Samsoniella FEME
Jea A i e A B MG R 5 12 3% T JE R Metapoc—
honia >y 1355 Fa AE A HL A 05 - AT T s B A
Cladosporium A B W JEREUH B A 3% + AT ) .

22 MARXEARIAZWIAT X E RGN
157 BRNZE B SRR AT A G PRS00, SRR
B A 42 BRECR (BRIG 7 Bk RERE 6 R (o o #R (R

W1 23 Bk ) X 1 AR B LA Eg UL Dt A E A T e 0
PRI B R Ry 26.75% . Hoh A 11 BRITERE X 2 Bk
R LA Lk DL I o AT B R A P G R (3 4), 31 #R
DRI I RE M . AR S B RS R TR
X MASA | Tiif 505 M 11 €0 A 2R B L v v A1 TR L sk
B RIAFE B L Bk IR B B B2 R
FETA il 5 5% Bk DA | 4 ¥ €0 7 28 Bk o L AT I BT 1k 1
ERR A 20.7.5.6.7.2.6.3.3.14 kk. XHHPHG
JR FCPA A TR, 5 R AT 34 PR ECEEDN 1 Ak
K VA A P VTR AT S R AR B (RS B Re ), w0
PHE A 21.60% . Horpx e BRI R . 70 IR 2500
P HTAR SR T R 40 o HA B s R n
RO IAT 10.8.7.5 Bk, X SE FRRFE HU/E F Rk, 252
FLA A B U B BRI A 00 R X TR 250
OB AFEYUAE L, 50553400 P sl UBCR B LI 3,

F4 N HKEAEEFEINEEYE

12 B EL 42 Inhibition zone (mm)

R kk Bacterial strain

1 2 3 4 5 6 7 8 9 10
Trichoderma hamatum CDB7-10 - - 24.44 - - + - - - -
Trichoderma sp. FZS2-11 - - + 22.89 - - - - - -
Trichiderma koningit FDC3-1 10.00 - - - - - - 20.05 25.25 20.33
Trichoderma sp. FDC12-1 10.22 - - - - - - - - 20.21
Trichoderma viride FDS6-1 - - + - - - - - - 10.00
Fusarium tricinctum FDC1-6 - - 24.98 - 19.89 - 20.00 - - +
Fusartum babinda FDS1-2 - - 12.67 - 23.67 24.00 - - - -
Fusarium sp. FDC6-1 - - - - - - - + + 15.18
Penicillium sp. FDC6-2 + - - - - - - - 20.21 -
Clonostachys sp. FDC8-2 16.19 - - - - - - 10.10 - 16.37
Beawveria pseudobassiana CDB9-31 - 12.34 + - + - - - - -

H:1~10 HKYK A MRSA 1591, 1450, 1505, i &R ME (828R 8 14053 . 23%, F AR ATCC10231, BESR BT, 38

T BRI, B AN SHFT TN, B2 QM AR+ Rn M P B4R 5~7 mm; ™

A it FP AR P AR 4 ¥ (0 A BRI MRSA-1505; B, HIEIGAMAT B Mycobacteriums megmatis 1037; C. T SUEEME (4 AR drug-

=" FOR IO T

resistant Candida albicans 23% D. V§)AAGZEWRH Fusarium oxysporum f.sp. niveum 9; E. i JIHR I Phytophthora melonis 10
3 E#k FDC1-6 B3N EE S
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EL DA 355 4 A1 DX He R oA A R A B R S AT A
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W UL SR AR P D R B B B RO,
11 RRR I T35 AT, L HIZ BIRE F. babinda
FDC1-6 Xf 22 Fivi J5L 11 28 I Y AL F A3 1k o X 2 % B
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R 77 A 2 D TS 3) A 25 B B X
W5 KEEJE (Trichoderma sp.) W34 C R T R K%,
Arg R AE TN BAT 98 R BUs I RE ) L BE B & s
HRBR - 354k 27 il 53, 98775 58 pH (B S+ S RUE e
75 By i e e Y i I R | 220 B AR B T A
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TR AT I TR 1 1 PN A B S L R A A T RIS
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I PEAFAEZE 57 o WNIARR SO 38 v 128 ) — R BT T
T PER U R ZE AT IR Paenibacillus elgii CL-1,3f
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TR EE (R A0 TR TG P, A rb e BT A BT B T P B B LR
B, IR AR TE 50 A 3 M A= 42 3 1 A 5 %
ZMANE ERERAMNAESE R, HRHR
ARV 8 U7 R SO 1B O Sl WA s ek |
BRTA (MRSA ) FURE $ 5 Ji 24 B 349 Wb s o 30 2 A 40 o)
LEN

A58 T SR R 0 B T BORE 4 A Hi X i R
AR T I E A MR 4, G R E AR
U5, 25 R ORI M X P A R IR A AR 25 5, Al
RS [R) b DXL T8 B R M 2 A (pHL (B A AL
R, FEERE Y REIE A 22 5 X R 22 SR TR
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