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AR B (Lavandula angustifolia Mill. )% H
SR AL % 5 A IR N B Il B L 28 7 AL U R A
BT B S E 0 e R B i T
MR KA (Escherichia coli) | 4 ¥ 8 % 2
BRE (Staphylococcus aureus) . Hhi B 2 i #T &
(Bacillus subtilis) )W 3% T 17 AR FPLAE Y B
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ITS2 DL S LR 3 41 DNA st fil #2370 £ L
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DPPH F 1 JE35 B isGi W T K AR Wi o TR A
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A H A e ¥ 78 2 A, Fi o BUCHI 2 #l s
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1.2 BERENEEENSBERRE

P AR 25 VS VR R L R B R B R
DI 0.5 em MR BL, Jo T K H A2 i 3 .75
RS 2 min J5 JCE/K ik 3 10,5 0 IR SA TR ¥4
R 3 min J5 IR K MUE 3 WK B . I TR U8 4R
PR T, M EARRE AL AE T A 1004
B R AT R R PDA B R EE b A4 P A 3
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5~T7 d, R 22 A< 5 A FH 4 b B0 e T 3
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H AT VRAE IR T —80 CukAa R,
1.3 Fi&
L3.1 #HE &g Bsduk ok ptalE
PR AE LB WSS 3R 4, 37 C o535 12~16 h,
B 100 pL 4 B T LB BREEFR v 7
LB FEAR IR 3 EH 5 mm 3T 1L 853748920 5 i i
3L HEREN 5 mm BT LA BN E B, #
R PR g2 b 88,37 CRi 5 24 ho RIG L7
AEEIE B AT IR R R R =
O 2 T % 50— 0 4L 11 7 0 /%) IR 411 %
B 100 Y0, %ok BE 4 T 9 IO AN 35 100 T ) 5 4 BR
PSR IR 5 go it n W iR R, 106 A R TR

B A AT B B e e 5 R AL B SR 0 L gt
R P A 1 TR 5

U AR R B U A 40 DA R A B 5 L oh
YIS cE 3 A UEACH . TRIE, JC B K AR S BR M
WRH 95 5 3 BEE 2R AR PR IR 20, WAy
XX IR, B8, 37 CHEFE 24 h, RITHF5 X
PRI P P AR TR T A B
K:d=(d1+d2)/2.(d RFEMEE HD .
1.3.2 A ERrRAAELDEN KHEALH
XYC-7 A FL T B AR 2 F0 T PDA R 85 57 5,
fE 28 “CHEKEFE 1 8 58 BUE Ak . Bl S PRI 22
PR 254 PDA MRS FREHEIE D 8 T
28 °C 135 r/min FE KB 5 72 h, KBRS G . R
FH A JZ20 A0 RLE 2 B K AWURL 2% 5T, 7738 2ok 1 2 il
IR B WA TR 224K . MW 228 T 60 CHLAH T
ZE a, WFE O AR 2

PERE S RN 4 A= R C i b W5 W 0 0 s R 2
WE N 0.2.,0.4.,0.6,0.8 Fl 1.0 mg/mL, % ik
TG U B A A RN YRR i 1A A N A S
BRI BRAE AN ROV 3 AN L F A IR A G ok
FE 30 min, M E 517 nm &b 5 WG BE(E , iif 15 H
HA W E PRI R B RR,
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R K2 256 nm, P Bk A L CH EE 2 K =
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AE T bn o S 0 BB T R R ) A R A
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1.3.4 rDNA-ITS 57 o4  F F B 5 2 F 4
DNA et #2077 &, S HCE i P 41 5 DNA,
VEEEI ) 1:1TS1F(5'-TCCGTAGGTGAACCT-
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19 Bl i 10 g/ L Byt W36 e i Uk E A 7 A6 0, Bl
Ji A SanPrep #: 2 DNA Jit ol ik 5 & ( B4R
T A TR AR A BR 2 wDD X948 A B 47 Bl
My, 5.7 NCBI £ g % b, il i Blast 727
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K FF R A0 1R B X ELAR R 2. 7 em X 4 B (AR S 75.57%.68.49% .83.33% (% 2),

R 0BERENEEEFRRENTER (x£5-)

Table 1  Inhibition diameters of ten strains of Lavandula angustifolia Mill.

endophytic fungi by agar block method cm
FEAHL A AR L PN R Ko R EEN i B 2F AT 1
Endophytic fungi of Lavandula angustifolia Mill. Escherichia coli Staphylococcus aureus Bacillus subtilis
XYC-1 0.974+0.21 1.540.13 1.4%0.21
XYC-2 - 1.640.12 2.4+0.2
XYC-3 1.8£0.17 — 2.340.17
XYC-5 2.640.03 1.2+0.08 -
XYC-7 2.7+0.003 2.6+0.016 2.8+0.06
XYC-8 - 2.0+0.11 1.340.31
XYC-9 1.1£0.06 - 2.5+0.11
XYC-10 - 1.140.05 -
XYC-11 1.24+0. 14 — 2.0+0.3
XYC-13 1.7£0.17 2.440.02
= REEREMEBR . TH.
Note: “—” represents no bacteriostatic effect. The same below.

ARG 5 B 4 8 (8 4 3R 1A 5 C. RN B 2F LA
A. Escherichia coli; B. Staphylococcus aureus; C. Bacillus subtilis
B1 ERENEHEE XYCT7 RERENEER
Fig. 1 Bacteriostatic effect of Lavandula angustifolia Mill. endophytic fungus XYC-7 by agar block method
xR2 WHERENEEHRERENEZR
Table 2 Inhibition rate of ten strains of Lavandula angustifolia Mill. endophytic fungi by agar block method %

HACH L B KM FT o B (0 2 BR AT 5 2E AT
Endophytic fungi of Lavandula angustifolia Mill. Escherichia coli Staphylococcus aureus Bacillus subtilis

XYC-1 15.08 25.48 15.71
XYC-2 - 27.30 33.33
XYC-3 26.55 - 30.93
XYC-5 63. 83 20. 83 -

XYC-7 75.57 68. 49 83.33
XYC-8 - 36.70 20.13
XYC-9 15.46 - 42.25
XYC-10 - 19.51 -

XYC-11 17.05 - 21.43

XYC-13 24.39 51.28 -
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S Bk — A 5 R 0 BT A A9 N AR HOE XY C-7
P84T0 T 28RS 5 SR T i A 4 R i AT U R
ERFLWIR AR XYC-7 KB 3 Fh A ] B9 k3
)R G UKL N RIR SO B Uy s o'

I HOO R AT B A RS 2 AR N 2.6 e, X
< (9 2 B 0 R PP B AR 2.5 e XA
T G R B AR 2.7 em (] 2) Al

BRI 74.07%.67.79%.72.29%,

A KIGFFTE B, &8 @A ERE  C. M R ZE AT B 2. BB (P b, TREK (B se FEE (D) d KIBHFF s e. & R4

BRTA 5 £ MG R 2F AT T

A. Escherichia coli; B. Staphylococcus aureus; C. Bacillus subtilis;a. Double antibiotic (positive); b. Sterile water (negative);

c. Methanol (blank) ; d. Escherichia coli; e. Staphylococcus aureus; {. Bacillus subtilis
B2 BERENEREEXYCT REBHRZHEZEERGMEIER
Fig. 2 Inhibition of XYC-7 in ethyl acetate extract of Lavandula angustifolia Mill. fermentation broth

2.2 EXREHNLEER XYC7 £Bi#EX DPPH B
HEFRIRNIEER

DPPH [ H JE 3 bR i 50 & — Fh P Ay 2074
PUEALIEPE R ik, B 1 B AT AL XYC-T B
FERTE RN S W A A N
XYC-7 TE Mk & W A HLAH #E 4T DPPH [ Hh &
HERIRE, R ER . EAR XY-7 KBS 4
A F CAriEdh 9 DPPH A 3635 bR Ak 5 Hk
YR BUIE A OC . BEACHE N A O R BRI 1Y DP-
PH H i 5 FRAE 0 5 i B 2 R S EA G, Y
KR S PR fE SR BE N 0. 2 mg/mL B . XY-7 &
BEW A DPPH 5 R b 18,56 % . 4 % C i Ik
30,69 % . Mk DPPH [ i 3 5 45 BE 1 55 5
MU TE N 1 mg/mL B, XY-7 & B TS RR R B
EHETEE 89. 140, A FE CUEBREN 97.43%
IR EER (R D, A EXK
TP A B 9 DPPH [ R 2RI bR AE 5 R B TR
WP B VAR G . Sy iE— 2L W 5 RUR) R 3 A R A
FLTA B BT AT T BRI TR AR
2.3 HEEMES &N

RO R 1% (HPLC) K I 45 5 5w . 4B (0
FF ARV S E AR B I TE) 5. 024 min 4 HY B4R A 0%
FEAH R 3 S5 T AR BN A B XYC-7 K
WH R B A T 5. 013 min (<< +0. 1
min) Zb A6 I B 5 2 W o (4D . TE BT AR

R BEW T AETE 5 A6 6 O B8 B ) — Btk 5 9.
Wi AT ARE ML (AR oy =
7 039.9x+2 389.3,R*=0.999 3, H i » LFEF
WAL s HARL & W 00 BT i Wk B, y 2 7 45 8 R
BB )R 7 AR 3 e 1 B L H AR T XYCT
KIEW h AL BT & &8 0. 826 mg/L. 45 &
“2.17 2. 2785 R XYC-7 S AR P E R
AT AE G T P o3 1Y N AR LA
g %k FEC(H )
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3 ERENEEHE XYCT
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Fig. 3 DPPH radical scavenging rate by Lavandula

angustifolia Mill. endophytic fungus XYC-7 fermentation
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2.4 FEMANEERETE
2.4.1 MAEF%E 1EPDA RFIEP,HIKLE
28 CEM TR IR 7 d AL G TIR A R B 3

025
5.024 VR,

Reference standard

mAU

0.10 -

0.05 -

0.00 FA——r A

0 2 4 6 8 10
B [8]/min Time

mAU

PTER RO W2 R HE . AT R
A B DR BRI G55 IR — SRR
BRR HEERAR . FAT R 18 Ak e 20 Fa (5D .

0.025

5013 XYC-TRBEHE

XYC-7 Fermentation broth
0.020

0.015 F

0.010
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0.000

0 2 4 6 8 10
At [8]/min Time

4 HEEFRERN XYCT £B K HPLC 547
Fig. 4 HPLC analysis of anthocyanin standard and XYC-7 fermentation broth

5 XYC7T HEEREESHE
Fig. 5 Morphological characteristics of XYC-7 endophytic fungi

2.4.2 T AHFER M ITSIF Al 1TS2
Sl HEA RN AR LR XYC-7 1 DNA 47

AR R 3 W v Bl 255 bp (]
6), & F 5 5 MH754647, ) Blast 725
1 Clustalx # 4, 5 NCBI g E W E M E
FE 0 A7 TR IR 8, B 4R 5 H A I KT 99 6
(4 B AR, B MEGA 11, 0 304 2E 47 50 87 348
Neighbor-Joining (s #: R G &K FH (K 7). K
¥ XYC-7 5 Alternaria alternata Pi T [6 — 43
X B TR —JE . BEIAS . A DL AR
WNAEE XYC-7 A H A ME (Alternaria

alternata) ,
3 i Gk

RUFFTENFER BN E EE Alternaria alter-
nata XYC-7 |43 85 % 78t B A7 $1 A A TG PE 19k
AT =Y, 25 R X R AR R R FE
WA 25 1 P B (4 0 8 ) BR AT L Aty O 28

FOFT D 22 R PE B (CR AT D R8T i
MBEEAHEBER 2.5~2.7 cm) » H & B
16 KA AL YR B X DPPH H 3 19 3 1% R 55 ik

4 3 2 1 M

2000 bp

1000 bp
750 bp

500 bp
250 bp

100 bp

6 MLEHEHE XYC-7 5.8 S rDNA-ITS
F 3118 A R R AS FR ik o 4
Fig. 6 Gel electrophoresis analysis of amplified fragments

of the endophytic fungus XYC-7 5.8 S rDNA-ITS sequence
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Hnr—— MT893392.1 Fusarium sp.64-017

96

98

KU301229.1 Fusarium avenaceum UASWS150
OR269254.1 Fungal sp. FAY9

62 KP899432.1 Ascomycota sp. UNEX FECRGA 2012E323

OK664698.1 Caespitomonium euphorbiae CPC 39083

66 EU680564.1 Sordariomycete sp.7415

100

100

30 OP597825.1 Gliomastix polychroma SFC20220920-C180
[ HF546287.1 Geosmithia sp. CCF3355
100L——AM421074.1 Geosmithia sp. MK1780
JQ922129.1 Bionectria sp. BIA009-5-P152
31 OR365747.1 Clonostachys sp. 1R1D
_95:0R244207.1 Clonostachys rosea GMPCOW10

KF380793.1 Alternaria alternata KSH50T
HM467832.1 Alternaria tenuissima MG3

MHO084279.1 Alternaria alternata 1TCC-4312

95 KT218505.1 Alternaria alternata SDAU forestry419-15
97‘:
99

XYC-7

B 7 #&k#&5.8S rDNA-ITS FIHMER XYCT HHRMREHULER
Fig.7 Phylogenetic developmental tree of strain XYC-7 based on 5.8 S rDNA-ITS sequences
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E . A7 & K AR & D RE il 7 19 0T & s o5 — 7
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Isolation and Screening of Endophytic Fungi from Lavender and
Identification of Secondary Metabolites with Antioxidant Activity
from Strain Alternaria alternata XYC-7

BAI Shuanggin'?,SONG Tao"?,YE Tong"* and REN Yanli'*

(1. College of Biological Sciences and Technology, Yili Normal University, Yining Xinjiang 835000, China;

2. Xinjiang Key Laboratory of Lavender Resources Protection and Utilization, Yining Xinjiang 835000, China)

Abstract Endophytic fungi from Lavandula angustifolia Mill. were isolated and screened for anti-
bacterial and antioxidant activities,followed by identification of active metabolites. Fungi were isola-
ted from the roots,stems,and leaves using tissue culture and identified based on morphological charac-
teristics and ITS rDNA sequencing. Antibacterial activity against Staphylococcus aureus, Bacillus
subtilis (Gram-positive) ,and Escherichia coli (Gram-negative) was evaluated using agar block and fil-
ter paper disc methods. Antioxidant capacity was determined via DPPH radical scavenging. Among 13
isolated strains, 10 exhibited antibacterial activity. Strain XYC-7 demonstrated potent, broad-spectrum
activity,with inhibition zones of 2.6 (E. coli),2.5 (S. aureus),and 2.7 (B. subtilis) cm. Its ethyl
acetate extract showed significant antioxidant activity (89. 14% DPPH scavenging at 1 mg/mL).
HPLC analysis identified a compound co-eluting with an anthocyanin standard (retention time
match) ,quantified at 0. 826 mg/L,suggesting anthocyanins (flavonoids) as key bioactives. Integrated
morphological and molecular characterization identified strain XYC-7 as Alternaria alternata. These
findings suggest that A. alternate XYC-7 is a promising source of dual-activity metabolites.
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