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Antimicrobial activity and composition of volatile substance of
Epichloé sp. endophyte isolated from Festuca sinensis
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Plateau ' Qinghai Province, School of Life Science ,Qinghai Normal University;
>The 4" Peoples Hospital of Qinghai Province ,Xining 810008 , China

Abstract:In order to investigate antimicrobial activity of volatile substance of Epichloé sp. isolated from Festuca sinensis and
its components, its fermentation metabolites were partitioned by volatile oil extractor and ethyl acetate in turn and evaluated for
in vitro antimicrobial aetivity using agar diffusion method , cavity slide method and filter paper diffusion,respectively. The vola-
tile substance was analyzed by means of solid-phase microextraction and gas chromatography-mass spectrometry ( GC-MS).
The results.showed that volatile substance, ethyl acetate extract, water phase and fermentation liquid had different inhibitory
effects against mycelial growth of fungi Bipolaris sorokiniana, Curvularia lunata and Aspergillus niger. The high concentrations
of volatile substance inhibited significantly spore germination and germ tube length of the tested fungi compared to the low
concentrations (P <0.05). In addition,, diameter of inhibition zone of bacteria Staphylococcus aureus and Escherichia coli were
significantly increased by volatile substance treatment when compared with control ( P <0.05) ,with the inhibitory effect of
the same volatile substance concentration on S. aureus being more than that of E. coli. Thirty-two compositions were identified

from the volatile substance of Epichloé sp. endophyte by GC-MS analysis with high similarity. The main compositions were
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isosorbide (16.26% ) , propane ,2-methoxy-2-methyl-(8. 18% ) , dianhydromannitol (3.75% ) ,2-propanone, 1-hydroxy-(2.
99% ) ,acetic acid (1.22% ), 1-hexanol (1.20% ), 3-furaldehyde (0. 92% ), 5-hydroxymethyldihydrofuran-2-one (0.
86% ) ,pentanoic acid,5-hydroxy-,2,4-di-t-butylphenyl esters (0.86% ) and hexadecanoic acid, methyl ester (0.85% ).

Fermentation metabolites of Epichloé sp. isolated from F. sinensis had antibacterial and antifungal activities.

Key words : Festuca sinensis ; Epichloé sp. endophyte ;volatile substance ;antimicrobial activity ; component
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FH X Al = o T 42 38— S A RO, HL 10
P/l R 42 P ) T4 R AACR 2 v T HA

J8y, LU B D 1000 pg/mL ) £ 12 £ P 4R IR

W8 HI R DL, ARS8 P AR ELRR R I R
R PR A AR A ) BRI 1R & B o, ELA%E
KA BRI T LR LR

1 RAESF R AR Epichlor sp. BEEFUARIEMIN 4 B BIE L KO 1ER
Table 1  Effects of crude extracts of Epichloé sp. from F. sinensis on the radial growth of four fungi
T 224 KA 2R Mycelial growth inhibition (% )
Ky e — —
Crude extract Concentration INFEHRIE 5 7 AL iz SOIREE
B. sorokiniana C. lunata A. niger M. racemosus
YERVEY) R Volatile substance 2.5 pl/mL 45.55 +3.61c¢ 24.51 +1.89b 15.84 +1.78b 0
10 pL/mL 75.07 £2.05a 30.44 £1.75a 59.69 £5.03a 0
KM Fermentation liquid 2.5 pl/mL 12.66 +£3.51e Oc 0d 0
10 pwL/mL 23.95 +2.02d Oc 14.54 +4:61b 0
2 7 ik B
LR LTRHLIED) 250 pg/mL 28.59 £2.75d Oc 5.85+1.95¢ 0
Ethyl acetate extract

1 000 pg/mL 59.90 £9.17b 28.20 £2.29a 13.49 +1.23h 0
JKAHFES 4> Water phase 250 pg/mL 15.86 £1.56e Oc 0d 0
1 000 pg/mL 24.33 £0.25d 25.52°+1.75b 12.83 £2.99b 0

TE B I + B 22, /NG FREZRAE 0. 05 JRF L AR B X [R] — B2 5 25V (P <0.05) ¢

Note : Values are means + standard deviation ( SD). Different lower case letters indicate a significant effect of different concentrations of crude extracts on

radial growth of the tested fungus (P <0.05).

2.2 HREFEFNEERF Epichloé sp. #F & W RS
HEEBFHEAMNFERENNEIRE

2.2.1 SHEFNA ALY Epichloé sp. ¥ K iy 7
ﬁﬁ%%%%iﬁwﬁﬁ%

AT S UL SR AN [m] vk B2 A S ) BT
1.25.2.5.5.10.20 .40 plL/mL X /N2 AR 23 i |
BB R EFLDAR B 4 PP =R SRR
FZFEREERVEM o AN FIVR BE A A PR L 4 %) 4
PRI AR —E A HIEH (£ 2) , FiE Wk
JEE R TN A0 ) 6L R SR R AR B o, X6 (] — L R 7
FTHHEMG R EZ B AER EEER (P <
0.05) ,40 wlo/mbs #4440 5 100 i 508 25 1

A ASE(P <0.05) o AW UL 1.25 ~2.5
gL/ mL X DU B 981 1 4 ) RO/ S
ARTE > B H S > /NERE B I > Rl %, Wk
JETES ~40 pL/mL i [ A 4 6 1 00 B4 o] L 1 £
T AR VIR > /N RE B 1 > B A 5 1
> RMEE o P ECRR LT BT R A AR R T R
B 1Cs V- B HR JEE AN 1Co R R (2 2)  XF 4 R
R TR ESE R AR YO BAR B8 < /N AR B0
W <BrHZER < Blis, AR LY B
TR i R A — E B YA I AT, AN ]

HRE PR EA 225 R Y] 14X AR
LR | B A T R i O R M) R

R2 HEFFNERE Epichlo¢ sp. RN BN ERBFHERNMHMER SR TFHRIMHZ 1C, 1 1C, &

Table 27, Effects of volatile substance of Epichloé sp. from F. sinensis on spore germination of

the tested fungi and ICy; and ICy, values of the inhibiting spore germination

INFENRJES B 5 7 HHZE RhE SRR
B. sorokiniana C. lunata A. niger M. racemosus
RN B Y s . e e . . .
GETIORE  reik WTAME TR RTWAME MTUE RTORWE RTHE TR
(pl/mL) Spore Inhibition Spore Inhibition Spore Inhibition Spore Inhibition
" germination  rate of spore  germination rate of spore  germination  rate of spore  germination  rate of spore
rate germination rate germination rate germination rate germination
(%) (%) (%) (%) (%) (%) (%) (%)
0 80.33 £ 46.58 + 51.61 77.91 =
1.45a 0.78a 0.40a 0.48a
125 72.67 = 9.17 = 40.36 = 13.34 = 49.49 + 4.12 + 57.03 = 26.20 =
’ 2.31b 2.89d 0.37b 0.80d 0.46b 0.89%e 4.73b 5.40e
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2:5% 2 ( Continued Tab. 2)

INFENRJEG B 5 7 HHZE R SRR
B. sorokiniana C. lunata A. niger M. racemosus
AL e e e
Ve ENEE g MOEHRME WTHE MTHRME MTHE RTWANH RTWE TR
(pl/mL) Spore Inhibition Spore Inhibition Spore Inhibition Spore Inhibition
germination  rate of spore  germination rate of spore  germination rate of spore  germination  rate of spore
rate germination rate germination rate germination rate germination

(%) (%) (%) (%) (%) (%) (%) (%)

25 71.45 10.69 = 38.57 £ 17.20 = 46.74 + 9.44 + 52.21 + 32.98 +

’ 1.86b 2.33d 0.93¢ 2.00d 0.83¢ 1.61d 2.71e 3.48d

5 53.98 = 32.52 % 35.02 £ 24.80 45.56 + 11.72 = 48.19 + 38.14 =

1.84c 2.31¢ 0.75d 1.62¢ 0.98cd 1.90cd 1.34d 1.72d

10 51.22 35.97 = 33.97 £ 27.07 = 44.27 + 14.24 + 4222 + 45.81

1.07¢ 1.34c 0.06d 0.13¢ 0.04d 0.07¢ 2.07e 2.66¢

20 46.15 = 42.31 = 31.62 = 32.10 39.17 = 24.10 = 32.11+ 58.78

1.78d 2.23b 1.44e 3.08b 1.72e 3.32b 0.27f 0.34b

40 36.67 54.17 = 26.61 = 42.87 + 34.27 = 33,60 22.16 = 71.55

3.06e 3.82a 1.73f 3.72a 0.56f 1.09a 0.30g 0.39a

I 1Cs,
1G4 value( pl/ml) - 27.49 - 89.41 - 120.53 - 10.10
Wi IC

B I - 674.70 - 14 520.00 - 3 605.00 - 551.77

ICy value( pL/mL)

TE BB E = b2,/ NE FRERLER] — 31 h & A BB 7E 0. 05 K- B2 5 B

Note ; Values are means + standard deviation ( SD). Non-matching small letters at the same column indicate a significant difference among treatments ( P <

0.05).
2.2.2 PAEEE WA A Epichloé sp. 38K 33
R B Ik AR

FRRAEIR Y 6 Tl & PR Tk B X 4 b BLpE 248
AR —E MM HIZBOCR (3R 3) |, o Wk BRSO
S FARE (P <0.05), 1.25 pl/ml Fi 20 ~ 40

fﬁ@% WREA 2.5 wl/mL IR/ S th
MM%ﬁ>m£ﬁW%F@>ﬁﬁ‘@5~w
MMiﬁkﬁ% P Ah 25 48 A K R K # )
FNEM A > Bl > BREE > A S
il AN[RIR B2 45 L ) B0 L 2 A8 AR KA —

L/ mb R ) ) 4 b EL %&ﬁﬁﬂéfﬂﬂﬂ FERE EBREAMGINE ], SR R RS, R TR
INERE R > R A B > BT,  FERES RN E R SIS YRR
R3 HEFFRNEERR Lpichlo sp. ER WX 4 MEEBRTFFERENMHIER
Table 3  Effects of volatile substance of Epichloé sp. from F. sinensis on germ tube elongation of the tested four fungi
INFEAR S b A AR B BREE
. B. sorokiniana C. lunata A. niger M. racemosus
RN
Privzidc L= B s e gt c g N e fs
NI © BEMAR IR BEMA IR BEMRAR KR KM
substance Length Inhibition rate Length Inhibition rate Length Inhibition rate Length Inhibition rate
' of germ of germ of germ of germ of germ of germ of germ of germ
(@l /ml.) f f f f f f f f
" tube tube growth tube tube growth tube tube growth tube tube growth
Cm) (%) () (%) () (%) (m) (%)
0 55.97 £0.82a - 46.47 £1.31a - 51.60 £1.40a - 66.13 £1.00a -
1.25 47.90 +1.42b 14.42 +£2.54d 42.41 £0.41b 8.68 +0.87f 45.83 +1.21b 11.18 £2.34d 61.59 +0.47b  6.87 +£0.71e
2.5 44.60 £2.79b 20.31 £4.98d 39.65 +£0.48¢c 14.62 £1.04e 36.07 +£1.95¢ 30.10 £3.77¢ 49.98 £0.71c  24.41 +1.08d
5 31.39 £3.62¢ 43.91 £6.48¢ 36.51 £0.94d 21.38 £2.02d 33.30 +1.98cd 33.28 +0.35¢ 47.40 £0.45cd  28.32 +£0.68cd
10 27.00 +2.14d 51.75 +3.83b 31.73 +2.24e 31.67 +4.82¢ 31.42 +2.67d 41.28 +1.84b 44.96 +1.51d  32.01 £2.29¢
20 23.87 +1.02d 57.35 +1.82b 25.74 £2.57f 44.57 +5.52b 28.42 +1.37e 44.92 £2.65b 39.33 £2.50e  40.52 +3.78b
40 16.89 +2.37e 69.81 +£4.22a 21.93 £0.78g 52.78 +1.68a 20.99 £0.52f 59.31 £1.0la 31.25+2.00f 52.74 £6.05a

T BUED 31 = bR 2z, /)

NE TP REFIRTER] S A A BRI 7E 0. 05 KK B A7 R 22 S A

Note ; Values are means + standard deviation ( SD). Non-matching small letters at the same column indicate a significant difference among treatments ( P <

0.05).
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2.3 HEFFRNEER Epichloé sp. R MY Bt
4B YRR

N 4 LU, B a4 1 ) Do I A e R ) 4
TSP BT A P 410 TR R AR, ) — Rk B Y

RN IO < B (0 78] 4 B BT B I A 3 TR
FFTE o < B (0 A BR B AR AT B2 o L B e
T R S, AN I A 45 R T P A S22 N AR
FLTH Epichloé sp. $ 5 W) 50T 40X A2 14

R4 HEFFNEERR Epichloé sp. ERMMRNEHBAHKENABHANNEEER (cm)

Table 4  The inhibition zones of volatile substance of Epichlo¢ sp. from F. sinensis against S. aureus and E. coli (¢m)

PRI IL SRR KIHF
(pl/ml) S. aureus E. coli
0 1.50 £0.00f 1.50 £0.00g
1.25 1.80 0. 10e 1.80 +0.03f
2.5 2.05 +0.05d 1.90 £0.04e
5 2.18 £0.03¢ 2.01 +0.04d
10 2.27 £0.02¢ 2.11 +£0.03¢
20 2.40 +0.04b 2.19 +0.03b
40 2.59 £0.04a 2.31 £0.03a
Control ( Sterile water) 0

TE BN I + Bife 22, /NG P RERIRAE 0. 05 AR b AN TR I 44 42 P B [ —44f T 410 e 22 S 38 (P < 0.05) ¢

Note : Values are means * standard deviation( SD). Different lower case letters indicate a significant effect of different concentrations of volatile substance

on inhibition zones of the tested bacterium (P <0.05).
2.4 HEEEFRNEEE Epichloé sp. X TEWRHY
=5

N HH A S5 N A TR A ) B v A N
400 M 1), RIPERCRE KT 90% S b i %8 5E H
32 Py, SRS Y 43054 % , i
Ao 0 TR AU — A 3 0 5 A% B 23 AR AR 0 i (3
5)o WA NA HEFEER Y R4 2% 2%
B, LIKEZE6 P BRSES Bl BEIES B B2 4 Fh
Je 4 FRAINENESR 4 FRAL AP E . A & AR 1Y
A5 INBLEE(16.26%, ) T HERUT FERE(8. 18% ) . —
SUH 82 I (3. 75%) R IL N (2. 9% ) . & 1.
(1.22% ) \CUBECL. 20% ) 3 (0. 92% ) \5-F2H
He AR -2 BC0. 86% ) \S-FRHLILIR-2 ,4- AT
FERTNE (0. 86% ) FIRZEHHIR TP R (0. 85% ) , i A5 W il
MR SR T 10% AT ELEY

2e+007
1.75e+007
1.5e+007
1.25e+007
1e+007
7.5e+006
5e+006

2.5e+006

Time(minutes) 8.33333 16.6667 25 33.3333 41.6667

TIC
I HEEFEFNERR Epichlo¢ sp. BHRIER
IR GC-MS BB FiReikE
Fig. 1 Total ion chromatogram of the volatile substance

of Epichloé sp. from F. sinensis by GC-MS

RS HEFFRNEER Lpichlo¢ sp. AHRFEREMRUFN S GC-MS 517
Table 5 Chemical components of volatile substance of Epichloé sp. from F. sinensis by GC-MS

Pt G FH X
o 'f%EEI. le oy HFR /?‘ﬁ. QpErseiy
N Retention time C q Molecular Relative content
o (min) ompouy formula (%)
1 1.68 1E 2 %E n-Hexane CeHy, 0.33
2 1.83 I BLHRU T JEf# Propane ,2-methoxy-2-methyl- CsH,0 8.18
3 2.42 B HHE Acetic acid, methyl ester C;HgO, 0.12
4 4.42 Z445¢ Decane CioHp, 0.03
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2:5% 5( Continued Tab. 5)

e N ey
o ('min) Compound formula (%)
5 5.20 344 1-Decene CoHao 0.53
6 6.15 +—%¢ Undecane C, Hy, 0.20
7 7.92 ]~ FA % Benzene,1,3-dimethyl- CgHyp 0.08
8 9.81 3-2fi 3-Octanone CgH,;cO 0.79
9 10. 44 2,6- LI 2,6-Lutidine C,HyN 0.52
10 11.67 4-F FLORDE Pyridine ,4-methyl- CoHyN 049
11 11.81 F2FLN R 2-Propanone , 1-hydroxy- C;H( 0, 2.99
12 12.87 £ B 1-Hexanol CgH,,0 1.20
13 13.09 2,3- T HIBEEBE Pyridine,2 ,3-dimethyl- C,HyN 0.42
14 13.39 F-f#% Nonanal CyH,50 0.12
15 15.43 384 3-Furaldehyde CsH,0, 0.92
16 15.51 2T Acetic acid C,H,0, 1.22
17 15.83 3,5- " HISLEAE Pyridine,3 ,5-dimethyl- C,HyN 0.42
18 16. 46 2-Z, BEHEK Ethanone , 1-(2<furanyl ) - CgH,0, 0.57
19 17.07 Rt -2-T-B 2-Nonenal, (E)< CoH,s0 0.21

20 18.08 5-FR BRI RS 2-Furancarboxaldehyde , 5-methyl- CeHy0, 0.20
21 18.53 7582 Hexadecane CisHyy 0.09
22 25.93 1,457 Z[#1 4-Butanediol C,H,,0, 0.08
23 27.51 B HAERL Phosphoniciacid, ( p-hydroxyphenyl ) - C¢H,0,P 0.11
24 28.17 2- N i 2-Pytrolidinone C,H,NO 0. 64
25 31.53 Bk F s Hexadecanoic acid , methyl ester €, H,,0, 0.85
26 31.94 T4 HEEEE Dianhydromannitol CeH 0, 3.75
27 33.22 5B R 2 4= BT K HEREE Pentanoic acid,5-hydroxy-,2 ,4-di-t-butylphenyl esters ~ CjoHj00; 0.86
28 35.13 T BE i Methyl stearate C1oHyg 0, 0.19
29 35.95 537 1 3 — Sk -2 5-Hydroxymethyldihydrofuran-2-one C5H, 0, 0.86
30 36.32 5-%% F SLBEES 5-Hydroxymethylfurfural CeHg 04 0.25
31 37017 1,29 B R (2-FA 3L-P9 3L ) i 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester CiHy, O, 0.06
32 37.90 S LB Tsosorbide CeH,0, 16.26
33 22.56 AHfEA Y 11.72
34 10.72 Ryt 4 10.97
3 &g mL YK FE T R BRI £ T2 TR AE 42 0 ) A o i L T

TEBS ARG IR AT, WA LR Y A A Q™ )
WP BN 2% REM S Z R B 224 K. JAAE
SEAE TR ZE AR R B 6 BRI E FURT
L M P A R B 1 I 7 6 A TR AR Y A IR RN 6
PR I L A — € A IR OR , HLREE W Y
SRR 3G 55 . o3 R L LR SR A A i
Pt A% BT 10T AR HUBR 2QR1 BRI RR TR 2244 LU K &
R £ TG A IR T A 1) 4% 5 0 BLSR W), 76 500 pg/

VBRI PSR, T AT 22 K Y Pt 4t L) R T 22 A 3
ik HU) XA ) At it L TR TR 22 2 KA s
HIEHIS o BEAh, Yue 25 % BG4 R ( Neotyphod-
ium tembladerae ) F1 3575 M # ( Epichloé festucae) ¥
1R EEFE W) R W) %I L Cryphonectria parasitica
BARERIETEE . AR bR N A |
[ Epichloé sp. K™Y K VYT TR LR A
Yy AR 3 0 TR VRN /N2 AR g a9
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A4 RS RERR 2 KNEH (R D),
IR TR T8 £ T RH 5 0400 TR 3% 1 A
TR A ) At T T 00 ) A P, 4% 2 R ) o ) 410 T
YRI5 Kot s 22 07 T A 71

— b5 3 I TR 2208 A 96 1 & sh A8 7 T b
TN BLRAR T P A B ACR T R A T
R RE R 4 BRNAE LR R KB 4 Rl
Py I D AEL B R RN 2 RO PE T, UESE T N AR LA
R TR AT B S 0 0 T AR, XS /)N 22 R e s
M KT . Holzmann-Wirth 267 A [ (1
A BILVE X S50 N AR B R AR SR Bl B
Il b T 22 AR BT A I, S I HY TR K A U )
KISt 0 96 B B S 9 400 o =8 B 3R Wi e 19 A
o A ES DL A8 36258 N AR B Epichloé sp. AN
[Fi) e 4 R M B /N 22 AR s s 6 7 ) 25 4 PR
it ALSR B A W R R R KRR (3R
2,3) G5 RAR IR A W T 6 AN (] T b B 49 a4
BAT 22 5%, B SR BRI RO ok, BEE &
PR JO 18 R I HC A ) 6 7 T A AR A 2SR
M) BN bk L T 2 A AR — o r A
ROR, FLsg e BE I R BOR 53 TR B . ikt v,
T, PR A LT A T 7 X 6 T R A AT
VR, SR R PR B 5 SRS [R) B T LR e
BRI A R Y BT

DA AR LT A T 7 A ) i M ) B0 S A L R
A KA — E RN RCR o R K78 R IEE 5
YSIAESE M PN A L Penacillium’ sp. B21 # kM4
J, DA R PR IR 10 RN 20 me/ L e AR B, 75 20
mg/ L I R i s TR AR 1060 6 K T A S0 iy 4
BERCR ™ o B % SR R TG AR U HR R =R
2N LT SRI-26 B4R PEY) BT, RS0 9 ok
T 5 AN TR e 420 5 A 0 o) 4 €0 ) 25 BR AT LR
JFFTRL AR 2 A TR A S BRI RV E vk
J& 24 1,000 0-mg/mT. i A7 AT T R 46 B €0, 2 1R
[N O d S I TPOR L OF S S RV 7 N
T RS o A LLUE AR RIS AN [F] v B 1Y
PR AE ) Jo X6 4 B (5 76 2 R T RN KM A T 410 o P L
BWVER (£ 4) , 78 40 pL/mL B 3] 5 B 42 I8 2%
RTXHE(P <0.05) o MIXELHF5E rh & B[R] N A=
LA 7 A R R T3 %o 4 R 8 1 A R A
PR AN [R] I 57, T B A 4 2 1R ) Jo A8 0 R 2 i AP 7
zEE .

i A GC-MS FARM 5E PN AR LR % & 1)

FTA L S P FIAR T & 1. —RAZ N E H T SR1-
26 5 A PEW BT T AR AR R AR £ R S5
A g N A B Penicillium sp. B21 ¥
RNV BT B NP IR T - T AR R R
i IR 218 R HE R 2 T R AR R
ELRE R o 2 2- T B R TP G L 2- F T
PR3- LT I SR S IR 2-H BRIV IR 2-HT T
B 2l Pl AT UL, S ] PA) A R A A
PEYI B2 53 R0 R AP AE — B 28 S o AT 1Y
PN Jo7 28 [ ARl 2 B -SOME B i 40 BT s, A B,
TR 2 (I 1), A DG BE S /&7 1Y J5T 1% 06 Ay
HEAL 7€ 32 Fh 2l oy, AR R ) oG Y
43.54% b SRS ER AR L G A TR
1,4-T T Rt PRV RO A8 N 7 PP IR 5
S I BEE— RS T 11 IR K R R 25, vT A R 3R
A R T R AR A i 0 2 SR
BT LTk iR T35 5 v S e f el 90 i
TR G T 10% (19 R o B0 R A R
FE (K S) X B FERAR L& WA TRk — 22 4
B LVEE

SR HRITMM R FLERH OB O IET
it | FPSE | TR VT Tt S5 A LI 0 2 JBON A LR K
=) WFFEHX i R R R R W22 K
22 AN B 25 D7 T VR 98 B A LT R
IR R W B A 6 b AR i A Y B A
Z . MARI N A M EENE T PN B
FERAE B0 A W WA, AT SR I 25 Y A o
Pt — T AR I
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