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Abstract: Objective To screen the endophytic fungi with antimicrobial activity from Glehnia littoralis and identify the taxonomy of
these fungi. Methods The endophytic fungi were isolated from G. littoralis by method of tissue isolation. The oxford-cup test was
used in screening the endophytic fungi with antimicrobial activity for Escherichia coli, Staphylococcus aureus, and Candida albicans
respectively. And the rDNA ITS1-5.8S-ITS2 sequences were applied for the taxonomy of endophytic fungi. Results Nineteen strains
of fungi with antimicrobial activity were attributed to four genera, five families, seven orders, and eight species. In these fungi, there
were four strains with antimicrobial activity to E. coli (the max d/D value was 1.07), Fifteen strains with antimicrobial activity to S.
aureus (the max d/D value was 0.65), and three strains with antimicrobial activity to C. albicans (the max d/D value was 1.27).
Conclusion Many kinds of fungi with antimicrobial activity inhabit in G. littoralis. This study is helpful to develop the recourses of
endophytic fungi and to evaluate the genuineness of G. littoralis.
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FLPH o N AR FLRRT RE 8 0 M) A KR B AT AR R 4%,
HA RGNS SEEZ Y ERE, T4 L
o I BB A B A Y s T 25 R
IVF 2 N A ST A A PURTE R, =R s
PEY R 2O, R LUy 2 R, ik
WAL BT IE T, A dEY S N A ST BT A
B HLR SR
1 #8

2T 2011 4 9 AR AWLARA MG W, H
JB 375 U 55 27 ot 2 W it | 2052 248 5 by < JE R AL 4 30 24
3% Glehnia littoralis Fr. Schmidt ex Miq. 4R .

KWFT Escherichia coli (1.797). 4raith s
Z BRI Staphylococcus aureus (1.2465) Fl1 {2z
W RFE Candida albicans (2.3990) 6 [ Hf [F 3 38 1k
AR R ORI L o

PDA i7idk: 4% 200 g, %M 20 g, I
flE 15g, 7%i%/K 1000 mL, HR pH. R IR
HIREN 3 g, BEIRA M 1 g, MIREE 0.5, SN
0.5 g, BERVEL 0.01 g, KEHE 30 g, #%4%7K 1 000 mL,
HAR pH. FWEEAGREE: FRE3 g EA
10 g, # Ak 5g, Tl 15 g, pH7.0~7.2. BER)
BrgRhk: #ATHE 10 g, SHEIK 10 g, BERHREIW 5 g,
Bfig 15 g, Z&M/K 1000 mL, 4K pH.
2 HiE
21 HEEEMSBESEK

KAMIAL S BED B SN AR, A
5 MRAL SRR bR ERENEIUR . 25, i, K
Ve, DI 1 em 2245 /B T0% LR ML 30s, TG
BKIESE 11K, 3% NaClO iEn s, M. 25, b
WEENHA S50 44 3. 1 min, JCHEKVER 3 K.
WA, BMEBI% 0.2 cm /N, BT PDA
BRgRdt b, 25 CHAMEEESR . FPAHPIA B 1B B
22, PREUBE 2200 R 2 PDA B3Rk |, 25 CHB
WG 6~7d, ML AR BB 1 H VA TR AT RA0Y
AFHIE, X 2R TTR e T 4k .
22 NEEEMABRH &

WAEFCE AN T PDA BERETAHR -, 25 C R
9% 7d, HEAT 6 mm FTFLAAERTEIASATIL, PREL
5 BB T 100 mL LR IR HE I I,

160 r/min 25 CEBRFEIFE 10 do 2000 2 LR 21K,
R BRI TENIAR T 52 110 1468, & H .
23 HIERE

KT AT R R0 4 (0 7] 7 KT 20 ) 8 P A Ak
FREE AR FRIE, 37 'C. 200 r/min R
24 ho B2 P BE TR FE M 2 AR IR BRSSO, 25
C. 160 r/min BRFEFE 48 ho JHAEFHER /K23 il %t
BN R AT R R, MR RIKRAELA 1X
10°~1X 10" 4/mL.

KA Bk BAT I S . 2 S U
FEIFE /SR 0.1 mL 345 IR AT AL AH N ) [ A4 17
FRETAR b, KRBT R0 4 €8 28 Bk B8 43 A
THREFERARRFRIE L, A BLBRwERAm T
P BERE IR AL b AR TR R B ISR BJRCE 3~5
JURESM, Horp 1 JUBEM NN 100 uL #e4d 10
fE 2 RS FRIEAE R BT, 55 1 A=A
A\ 100 pL HUA= 28 AE A BH 0T ORI AT A 4
WO AR E AR LA 4 U/mL BRI DK 55 2 9 BH T
X AL R BE TR TR LA 0.2 mg/mL FilHEME K
BP0 D, AR A 23 S I AN AN TR 9 AR LR R
PR R ARV 100 uLo FE/RNHEFAR 4 CHiE 24 h
Ja, BTN FRAAT R ORI R 4 5
AR 37 C MG REEE 24 h, A RLE:
REGE AR 25 CHEREREFE 48 h), PAT LR R 3 IR,
3 N VR P ELAT
24 WEEHEAEERENEE

HAMEE R A A F B, HKHis rDNA 1N
g R IX (TS FPAIET 70 5808« WA
K120 DNA R IE R4 DNA il &
R T R AR Sl FH@EH 519 1TS1:
( 5>-TCCGTAGGTGAACCTGCGG-3" ) , ITS4 :
(5’-TCCTCCGCTTATTGATATGC-3") # #4 ITS1 5.8 S
{451, PCR [MiAAZ 50 uL: 1XPCR 2,
MgCl, 3 mmol/L, 4 Ff dNTP 4% 200 mmol/L, L= F
Wi 514045 0.3 pmol/L, Taq i 2.0 U, DNA FAi 2 uL.
SONFEF: 94 CTARYE 3 min, HEAEIF, 94 C
ASPE 1 min, 55 CHEPE45s, 72 CHEM 1 min, 3£
35 MEFR, 72 “C4EH 8 min. PCR P7#i% LifgE T
W KA R B 1TS 7414 GenBank kAT
BLAST 40#7, 34k5 &P 5IAHALE KT 95%(1)
rDNA ITS J7%1”), F|H ClustalX 2.0.11 & {0 E47
LFEHILERT, ] MEGA 5.0 B HET 52540t
Pt R AR o AR SRR AL, X AR FL AT
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NTEE, H 15 BRNEEE (02-L-8. 02-L-10. 02-L-11+
3 #REQH 02-L-15. 02-L-21. 02-L-22. 02-S-3. 02-S-10. 02-S-12.

31 P SHNEEFENSE

M5 BRAED SRR Lo B4 B N AR ELEE 69
B, o AR 1538 30 KR, oo B R R E
43.5%; ZEhrEAER 22 Bk, b0 B BRSO
31.9%; M 2B 8 17 bk, A2 B s bk B
24.6%. PRI S E N E ST .
32 RNEERMINEEMSE

Vb W AERE Y, A3 19 MR 2D 1 Rl
AN B AT IS, TR AR P A R S U
27.5%, A5 2 KRELEE [A] B F A AT B RN 4 3 (0 8 4
BRPA BT TE, AT 1 R ITRR 7] X 4 (o i A Bk
PRURI L oA 22 P R R A 0 B

LS WA E T 4 BRECEX KA R A A
[ R FE A, 235k 02-S-12. 02-S-21.
02-R-3. 02-R-9, Ak 02-R-3 (1R BERLEHNT K
JURTE T R A BRSO R R A, AV B AR (32.9240.34)
mm (B 1-A), HAWREEES 4 UmL GRS
FEIE B EAR (@D) % 1.07 (E 1.

02-S-15. 02-S-21. 02-S-22. 02-S-32., 02-R-5. 02-R-11)
RPN 4 B T 4 B3R VT 2R I A [ P 4 i v
PE, 50 AR B R B WK 1-B. VAR BB 4
AR A R 3 20 L 02-L-22 1)
RIPERATBAN R e, JLRPEAR AR B P A%
5 4 U/mL B PR 7 4R P d/D fHik 0.65.

A 3 BRI AR STBA TR A B 22 F RE R AT AN R
FIEIER, HRR 54 02-S-2. 02-S-22. 02-S-23
( 1-C)0 AR ZTEN 1 B 22 IR A1 A0 B R DL
2 3, I 02-S-2 ) (A (M 22 B B TR B 5 R B
IR BN (31.520.41) mm, HRBAKRLE AN A
Bl A2 5 06) B 0.2 mg/mL GeURE MR Pl @/ DB A 1.27 6

BERR 02-S-12 F1102-S-21 [A] i o A AT i Al 4 35
R PR AT T, N KM B /D {5
A 0.30 1091 Xof <5 (5 4 BR 11 1K) d/D 1B 73 3
h0.23 A1 0.40. BFE 02-S-22 [A] I o 48 (4 4 45 BR
PR B e e BE T A R T, 3 /D (B SR
0.41 71 0.81,

A-KWFTH B-G B OAERE  C- O BLRERI  a d. g-HiFRIE 10 fRAE by e-4 U/mL BRRICA#H  h-0.2 mg/mL FHUHEM:
c-02-R-3 REFIRATK  £-02-L-10 RIEFRATK  1-02-S-2 RIEFRGIIK  j-02-S-22 KIFWAIR
A-E. coli B-S. aureus C-C. albicans a, d, g-concentrated solution of 10 times of medium b, e-gentamycin sulfate (4 U/mL) h-fluconazole (0.2 mg/mL)

c-concentrated solution of 02-R-3  f-~concentrated solution of 02-L-10  i-concentrated solution of 02-S-2  j-concentrated solution of 02-S-22

E1 REEEABGHNIERE
Fig.1 Antimicrobial effects of endophytic fungal fermented liquid

Fz 1 SN EERARKRGERY XBTENIEER
(X E£s,n=3)

Table 1
fermented liquid on E. coli (X s, n=3)

RBERATAN R E BRIR KK 4)

Antibacterial effects of endophytic fungal

RS i ssmm oy T
02-S-12 8.25+0.20 27.50+0.41 0.30
02-S-21 22.50+0.41 24.75+0.20 0.91
02-R-3 32.924+0.34 30.67+0.00 1.07
02-R-9 10.754+0.20 26.251+0.61 0.41

33 AEEEMEE

XA TG AR ITS 4R AR K T
95% 1) CLANELTA 1 ITS JPHIHET BLAST J3#7, #%k
B KARFERT,  SRAF A0 0 R AR SR AE [F)— 43 3 AR
PEECKI CANEEE, 455 WAR 40 RIEAHRIE=99%,
AFDLEE E BB AHAEAE 95%~99%, 1 DA% e 2
J& s MARBITE <95%,  HLAE%E e 2R 7 S AHALPE
JEOUT Y, 19 R Tk v AR UG I v AR AT AL 3 =
99%, ] 455 B Fh, HAr AT 5 TR B Ak — B (R
4), HEFE 02-R-3 [WVLHC K % 2 2 g,
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Table 2

fermented liquid on S. aureus (X *s,n=3)

R W R 5 BA T Pl R K A R A D

Antibacterial effects of endophytic fungal

A HA%/mm HA%/mm

02-L-8 13.00+1.08 31.50%£0.41 0.41
02-L-10 7.10£0.08 27.204+0.22 0.26
02-L-11 10.4240.59 24.924+0.24 0.42
02-L-15 15.00%+1.47 29.00+4.30 0.52
02-L-21 7.23+0.21 29.831+0.24 0.24
02-L-22 20.50+0.71 31.50£0.41 0.65
02-S-3 7.67£0.62 27.50+0.41 0.28
02-S-10 10.17£1.43 26.001+0.41 0.39
02-S-12 7.00£0.00 30.25£0.20 0.23
02-S-15 17.00£0.82 31.50£0.41 0.54
02-S-21 10.50+0.41 26.001+0.41 0.40
02-S-22 11.20+0.22 27.174+0.24 0.41
02-S-32 14.234+0.21 22.50+2.04 0.63
02-R-5 11.50+0.41 27.1740.85 0.42
02-R-11 12.00%£2.16 25.50+2.16 0.47

#3 APSHEERARRGERNAGRLEERENIIE
1€ (X ts,n=3)

Table 3
fermented liquid on C. albicans (X *s,n=3)

o KEERAGRAN G SRR R

Antimicrobial effects of endophytic fungal

WS i /mm
02-S-2 31.50+0.41 24.83+0.41 1.27
02-S-22 20.00+0.27 24.83+0.41 0.81
02-S-23 8.63+0.10 27.384+0.51 0.32

T kK 02-R-3 M AE%E e 28 A Leptosphaeria sp.. 19
PR a K% E, HT440H, 5 MR
TANE, 8 M. AEXEEN TR T, HE TR A
Tt AN [ BRI ARV BT 1% S AR AP AE 22, i C.
destructivum~ C. gloeosporioides M A. alternata. "]
RE ST A LB AT MV A ) 23 A sk AR TR A7 A 1 22
Ft, A BUR A A A 2R S AN T
Mapperson 25 B I8 Preussia Fuckel /2 EL
WPURIEERTICH K, P. isomera AN R BEAR 1]
PG LA T AR 2 5
4 it

PAKRT B« < 0 0077 % BR T P 1 (B 22 I B
WOMTEZREE, WEFUAEYD S N AR SO R AR A0 B

*4 BEMREHESNETEENEEREMNIER KB EK
Table 4 Endophytic fungi and their closest relatives from
GenBank

GenBank LUXf (ITS /741D
IR KL RS HRUE/%
02-L-8  HASAZHEMIR Alternaria alternata KJ526175 100
02-L-10 S KIRIEME Colletotrichum JQ619816 99

destructivum
02-L-11 BRI
02-L-15  JiERNE Stemphylium solani
02-L-21 FASACHEAMIR
02-L-22 BKIILH

T

B

JX625171 99
KF999031 99
KJ008700 99
JX625169 100

02-S-2  IRHRIEEE Colletotrichum KF053199 99
gloeosporioides
02-S-3  BKBIH A GU935874 99

02-S-10  HASATHEfRR KF644352 100
02-S-12  HASACHER KJ008700 99
02-S-15  BKpR JX625171 100
02-S-21 BRI GU935874 99

02-S-22  ZEERIHR Colletotrichum KF550281 99
higginsianum
02-S-23 BRI

02-S-32 MR

GU935874 99
JX878503 99

02-R-3 /PR Leptosphaeriasp.  KF657727 99
02-R-5  FHHH Penicillium venetum AJ005485 99
02-R-9  Leptodontidium orchidicola GU479910 99
02-R-11 AU #HE1H Stachybotrys  KF294232 99

eucylindrospora

Mo P AR TR R TR R AT T B E AR /N W] LA S e
PGSR =K, AR R, R IR BT
BV [R)— b 735 BT R AS R FrRg ey Pl /)
FEAEZE ST . WAE TR R IR R G PRI E I, 7E5E
RN EECEAR b, DL AR TURR A IS 7R AR S B
TR, DAPUAE A R BHE TR, DA A B R IR
PR AT P LA S A R A T ] ELAR I AR D A
WAE LRI S PR R bR, S BRI b S e N A 3
TR AR TR VAT AT 1 1P ) 5 5 o

R N A B TR B SR 00 B PR o R )
BRI, AN S 13453 T 19 BREA
RN AR, 20K EHT 4 M, 5L
T AN, 8 Ao FB T A AR LR )[R A ] g P
AEECAPEIETE A YIGE, N AR
C. gloeosporicoides =" colletotric acid XJ I B
FLATAR 38 (F 475 MY Zhou 251V 20 W K42
Brguiera sexangula Lour. N EELTR Stemphylium sp.
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FHERAFI 2 Pl ) A SR LA o G AT 2E )
Infectopyrones A+ B; Strongman 25\ 21 Ay 2 21
Leptosphaeria oraemaris Linder. R —Fp HA
PUEVEPE RIS 205 culmorin. AR Alternaria
(Nees) WA BB RERE 7 A 2 MBI TR T, Wi A\
TR 43 5 0 A Bt B ) A s e T,
Dendronephthya hemprichi Klunzinger 7325 [ F. 15 A.
alternata ] 7=/ 7 FpZE 5 -y-nlk {i (naphtho-y-pyrone )
KA N Terminalia chebula Retz. 4y 55 H 2L 5
A. alternata W 77/E altenusint'®. LW, Jbvb S
BRI P P A BB AT A 2 MR )
71, HeH A, alternata W] g/ 51070 S R0 IEH
PSR G Y. WA A E )

(AR, FIRES ALY D RIS 55, Kim 2520

RN AR a2 A aF B AAFAE RNA )

H s, HEmsgm & 3 A K. NAEREA

TEEMYEN, —FHZ M REAA/EE RNA A

e, AN EEME O EAI R, XaVEE AN

P 2R 2 R N R R — o PR, RSB

S WA EREYE, AT WA DI 2

WA LB SO A R TR i, BT TR

A BB AN ARV S A0 AR O T B AR B RS, 6T

eS8 B B2 iR SR X

S 30k
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