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DF R AL 23 8 S0, S A W A W A R SR A R Bk
A A
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asiatica) » X % € IR ML, A THE A, DR 5 N 25
FLATHOR b1, @ 8 M Th 2. 14K, bl A 35 ok &
80 AT P KA B AR RO i YRR H 28 ek b PR
FVERZ BN . O 7 R4 5 A %O B if. 9% U
FUC IR AT I P A2 T 1 BB AL LA TR 6 I i Y
B TE R T OGRS RPER N R T AR B AT AR )
A TR AR A 5 B I S AR A Y o RN, O 3R AR BT
T T AT R AR 1) T I DR 22 T 24 R AR A A o v
BRIk LA 3 SR LA A0 45 A 1 T R AR PR R E R
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L1.1 EY AR T. asiatica BEFLE 5K
ot VA TN EB i AT =

L 1.2 EHRABRAL: & 1 a5 b o A 2000 5 PR
JRORL RS P SRR o s i PR 22 T 2 v AR BL BT
REMTANRAR S NG5 HEORE B, Kk
75 i (Escherichia coli) 13102400 X 3k 1 1 b « 3k 4
fbwe 55 9 B 25 W) it 48 v W AR IR W (Klebsiella
pneumoniae) 50 X P& K FE M AR A% 16 Fh 2y
W 4 w040 %6 BR B (Staphylococcus aureus MRS, i
HIZE PG AK) 13102494 Xf S A7 TV 20 R P AR 45 8 Fb
2. X 7 R ( Staphylococcus epidermidis )
0013100172 3 & J7 38 i W1~ 75 % %= 55 6 Fh 254 K
[ 5 45 [ 1 (Escherichia coli) 0013100173 Xt % % 7
PROR 7 V5 AR A S Foft 245 9) 22 T 2 .

1.1.3 $FFEMIFFFMH: 94w 5 55 M Nutrient
Agar B3R 35, S e 1 LB By FR Ak o 2B 02k A B 5

& 1. ik E PR R

Table 1. The strains and plasmids used in this work

strains and plasmids characterization source

supk44 Alac U169
(@80lacZAM15)
hsdR17 recAl endAl
gyrA96 thilrelAl

Invitrogen
(Carlshad, CA
92008, USA)

Escherichia coli DHSa

gram positive bacteria (G*)

Bacillus cereus Ym1004 wild type 1
Bacillus subtilis CMCC27853 wild type 2
Staphylococcus albus Ym1029 wild type 1
Staphylococcus aureus ATCC25923 wild type 2
Mycobacterium tuberculosis Ym1033 wild type 1
Mycobacterium smegmaiis Ym1037 wild type 1
Sardine lutea Ym1028 wild type 1
Staphylococcus epidermidis Ym1077 wild type 1
gram negative bacteria (G~ )

Escherichia coli ATCC25922 wild type 2
Pseudomonas aeruginosa ATCC27853  wild type 2
Sigel sonnei Ym1046 wild type 1
plant pathogenic fungi

Aspergillus niger Ym3029 wild type 1
Botrytis cinerea Ym3061 wild type 1
Chaetomium sp. Ym3040 wild type 1
Fusarium avenaceum Ym3065 wild type 1
Isaria sp. Ym3032 wild type 1
Helminthosporium maydis Ym3076 wild type 1
Ophiostoma minus Ym3429 wild type 1
Gibberella fujikuroi Ym3215 wild type 1
dermatophytes

Hormodendrum compactum Ym3077 wild type 1
Hormodendrum dermatitidis Ym3078 wild type 1
Hormodendrum pedrosoi Ym3079 wild type 1
Microsporum gypseum Ym3080 wild type 1
Trichophyton gypseum Ym3092 wild type 1
Trichophyton verrucosum Ym3096 wild type 1
clinical multi-drug resistant bacteria

Escherichia coli 13102400 3
Klebsiella pneumoniae 50 3
Staphylococcus aureus (MRS) 13102494 3
Staphylococcus epidermidis 0013100172 4
Escherichia coli 0013100173 4
plasmids

pMDI8-T Tvector: 27K KaRa Co.

Amp", lacZ

1: Purchased from Yunnan Institute of Microbiology, Yunnan University, 2:
Purchased from Beinuo Life Science, 3: Provided by the Laboratory Department of
Qujing First People’s Hospital of Yunnan Province, 4: Provided by the Laboratory
Department of Qujing Second People’s Hospital of Yunnan Province.

FI TSAYY, 43 8 1% 52 3k ) TSA + ZE 1% 18 (nalidixic
acid, 25 Mg/mL) + & % ( fungicidine,
50 wg/mL) , PEHIEE R L ] MS agar™® , K% ] 1SP2
B bk BLW AT PDA 53R JE 5 95 . BT R B
FRHH] PDB AR RS 37 58, 4y 25 Br 9R JE Fl PDA + &
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Wi 7 % (amplicillin, 100 pg/ml) « H 3 % & A
PDA [ {455 95 2 AR 3 7 ko R IR 30w B i H v
G IO FRIERG IR A B IE IR B 28°C, 1A bk 4l
b BV B IR R T 28°C , 41 B M B I SO
BE IR JE Ny 37°C, WL W B IL T K AR Al A R
JZ R R IR S 28C .
1.1.4 3149 FRY™ 5G40 0 2k 14 16S rDNA JE [
8] #"" & PrimerF: 5" -AGAGTTTGATCCTGG
CTCAGS3"; PrimerR: 5"-AAGTCGTAACAAGGTAAC
C37. 34 23S tDNA JE K45 546 A Fr i iy 51 4 ™
J&:23Ins F:5-MADGCGTAGNCGAWGG3";231Ins R:
5-GTGWCGGTTTNBGGTA3". H 3k U iIF i 2k 14 .
Bowa B ITS A B Y & ITS1: 5°-TCCGTA
GGTGAACCTGCGGS3; ITS4: 5°-TCCTCCGCTTATTG
ATATGC3. 5|¥ i b T A& k.
1.1.5 EZERXFEBM RS SW A L
A T AL H R A F S PUAE R A Sigma 2 A, 1
A F AR U K mE Ik ) & B % (fungicidin,
50 pg/mL) V& # % (amplicillin, 100 pg/mL) ¥
T X 7E 7K » 28 0% B (nalidixic acid, 25 wg/mL) % T
0. 15 mol/L{fJ NaOH .
1.2 REHES - S5 -4

Vo A 3O BT AR A (AR 2R 0 T ) 2
R 1 NI T N )5 N 3 =l T R D5 AN
Y, H 75% ethanol ¥ W 74 5 60 — 120 s 8¢ 0. 5%
KMnO, %14 530 — 120 s o % Al 41 21 B i %
9 BY ¥ N HORE BB 1 TS W Nutrient Agar.TSA
PDA #5773 AR FHEAT R 9%« Fr K WIVE ) PREL
ity TR 22 5 2 B B A PUAE BT (R 8 R S Rl bk
AT 2tk » 5T In) G 8 R LAY, B Bk o

A J5 10 B AR 20 )2 B B S RS & — 2 i)
YU (I e B 100 665 1k 5 9 8445 0. 22 pum
JE & D 11 Nutrient AgarPDA By TSA 5% 7% 3% 21 H
b B RE Y H SO AT S R 3 B IR R RR
A S0 R P A TR T AR TS S0
1.3 REHRETE
1.3.1 KOH HBEREFHEELRPEARMN ™ :
TERF M B 1 -2 3 3% (W/V) KOH %
W FIT 2 PRI 22 B MR v KOH W3 b 78 40 ik
B) & 58 AW e 30 - 60 s 5, F T4 Bk B 1A
5-8 emiE MR LLRYHBL, 00k F22 K
Uik s WU/ g M VER G

1.3.2 AEME MEEESEE: A E ARG
75 ) B 9% S 06 BE AT B A, 56 AE 40 MR AT G
1 B AR TR BB RN T 0. 35% (1) LBLTSB - [#] 44 35
BHE AL, 28°C fH IR 15 7%, £F24 hW % — K, id 5%
i3 MU R A K3 J) Bk vk G R R
PR 5 T 57k 98 A2 K 11 30y 0 BH 2 T 00 A A R

S P A R R TR AT A I G £ o S
R RR A o B 5 TR A8 ) T A DL AR
i 3% 80 B 5 A0 P s R ARE AR D o
1.3.3 REEEMESSELETE R EZIH
2 5 RN R ARk A R s SR R R IR R B 2k
LRI VRN SR T W e e B W
SREL A AT TR 22 A <7 A 45 R TR AR S S PR AIE S AR
Pi Sk 23 - 241 AT K% .
1.4 HFEE
1.4.1 RAEFE#H#ERFEEES DNA BB : WA E
JH LB B 75 5L 4% R B 97 1 d, SR SDS 75 3 ™ 1t
DNA; 2R T £k b ] TSB B R BE R IR BE 953 -5 d, 38
it S DNA 4 489 40 B 0Lk T I 16S tDNA
LR FT 23S (DNA FEPREE RN A e £l 5 b
PRI 23S rDNA JEPRE 5 R4l N Be i) PCR 4 3 7=
W, AE Pk B A 380 bp ok £ I S I8 TR AR
WH ML G+ C g RmgE™ . WEE N
PDB W A #% IR Ks 923 - 5 d Ja » W 4 9 6 o 22, R
CTAB 3 " $R U DNA, §"3§9 ITS J¥ 51, g 574> T2k
KRG 1 SR AR T K R
1.4.2 F: RS0 wL PCR ¥4 [z B4k &, 7 1
P2 A :95%C 5 min; 95°C 1 min, 54°C 1 min, 72°C
3 min,35 NMEH;72°C 10 min. 57— W E 5
1) PCR 34 =Wy e 2l b Jg H 80 7. A 2 A4
H) PCR 43 =Wy, e i 4k 45 21 H 1 4% 47, 5 8ok i
B Ak ) K W FF 3 DHS« K2 &5 41 fu e AH G
DNA ¥:fEZ 2 ik 251, WFEH LAY TAREA
BT
1.5 EEMEADN

NEDOR BE R R OBRS T B IR 28°C,
200 r/minf K 755 d, 417 37°C, 3 do {8 K B
ISR SR LB, 33248 h)g, W B 2R
B e W 2T I N2 mL B 5 s K B RE
I R NE Rl NS i T U o N (= I I P S 94
0.2 mL, Jo B 451 T ¥ A7 2 AH B (1) [ 44 5% 75 2 1ol
B BT R . R I S R R, SR B AR
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Pk (HAR6 mm, 3 F7 28 ) A I % P9 26 B8 B 1 i
PRSPk BEANFE R TR 3 IR 1 A8 SOV I
ENERE PN
L6 HTHRFERESN

K JH BLAST A1 DNAMAN Jy 71 53 #fr # A1 xof l Fe
GERAEAT P 5 — B 2 Mo £ GenBank 4 % |7
TR A, A B AR 1 1TS F2 41 BE, A MEGA
5 HE4T £ [ 51 B %, F] NeighborJoining i, Maximum
Composite Likelihood % 7Y #] ¢ & 4t ¥ th K B # o
Bootstrap (1000 k) T E KK .

2 4R

2.1 REESHA

Xb K e i i 2 AR b AT A% (K 3 R
SR P AE AN [R] 55 77 3 vP m N 3 24 R R 7D B o) 1 A= 40
BRI J7 vk 3 oy B IRAT Wbk 296 Bk b 4
W LD MR TR TR 3 BK JUTR 282 Bk 4 TE A A A B0
AR BEAT IS, B ACR R B AR, 3015 21 86 #k Py /E
AT BLHE 3 BK A AR TR BRI AR TSR B R 82 BR Y
AE . E ARG A AR RGN (W] L FL,F2,F3 JF
2.2 XAHMAEEE MEENESEENSH
2.2.1 KOH HMEHFERFHEE=ZREBERMN: 2L
PR A A TR TR B O A 4 RR S 23 ) o T P

F4-007.F429.F4131.F3-003. 1% Bk H @ 44
U KOH ¥ 42 58 2 W 30 — 60 s 5 » M %2 51 14 ¥R
F1-007.F431 7£ >8 cm i JE 4L L 7 2R, 1Mo
Wk F429.F3-003 ¥ 4 H Bl. Aok, W bk F4-
007 F4-31 24 & % & BH ME &, W Bk F429.F3-
003 Jhy 5 22 [ BH A 1A o

222 AERE HMEERSLEE 4 REKAF
] A% T I 55 77 ke o ) ) P 28 Rk 98 T G, B
BRI, B R AR RO RS
7, K007 BV& IR TG » SG6 » 232 W) AR W0 40 i A
AR A JC 2 A, A7 ROk B 22 IR M. F429 41 i
ELAPAR o s BRI 21, o AR I A AT 2R AR 2F
5 [ B 5 2 B P . FA 31 40 AR,
2R Ik BTV R A R A R G IR R 2 A
F3-003 /B R WEO, EAWLBE. 14
T Sy 555 MR E T2 » HL A > £ T8 50H: TR 5 g T
F AT

223 AEEEMESEE: PEMAIMA LR
o, AR MR R R, Hor A ) iz, A A
R 3 UCRKE, LRSS 282 kN AE U . il
LB A 5L, A DL Bk B 8 Fusarium U 4% 2 B 1 )&
Pestalotiopsis~ [l 7 J& Aspergillus ¥ &8 %, I K B
1107 S A = A N SN I/ WS L SR S o | R SN 7 A -
Bionectria & %% J& Rhizopus W ¥ % J& Hansfordia 8,
BOH I o 3 B AR R AR B 1 R L 1.

Bl kRHFMRARBHERES

Figure 1. The microscopic shape charts of representative genus in T. asiatica. A: Fusarium F3-51; B: Pestalotiopsis F321; C:

Aspergillus F4-001.

2.2.4 HFELE:PCR ¥ 18 F4-007.F429.Fd-
31.F3-003 % BEM 23S rDNA L [R5 5346 N B, 45
W IH Rk F3-003 1) 23S rDNA JE K45 536 A H

BeA 20380 bpZe A1 K/ (¥ 4 7 o oy 6Tt B bR F—
3003 Lk . T Bk F1-007.F129.F131 #
WA Y8 AN 4. S 4 KRR AR 168
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tDNA JEA P51, 13 2] 4 451600 bp /e 47 f) 44l o 7
51 4% #] GenBank, [ #k F4-007.F429.F4131.F-
3-003 f) L [ 5 55 4 9 3 KF751663 . KF751669 .
KF751662 1 KF751667. ¥ 14 Py A= F & 1) ITS f¢
S, 132 T 560 bp A7 i) 4. AAE IR &R, i
S TR T RGM A R RIB A 0L T R W
PRIl R KR

2.2.5 kRIHMALEAMRES AL LA K
i oy TR AR ROR S E K R i A A R 2
14 H 16 #H27 Jg. b, WAEMESEE N2 H 2 #
3 )@, WAETRZ R T H TR JE, NZERE N 11 H
137423 Jgo BARpAi WK 2. 45 RERW], e
T A B AE FPORE Al 26 B A 2 AR M s 1, it
o i ae EL AT AR PR R AR W I R AR B T
FE WA B BEAN, 2 B B R B i N A
TR S SRR AE 8 K A7 A AR D I
AN FIAFAE - 5E 1 DX o

R2XAEMMALEEMESf

Table 2. The distribution of endophytes isolated from 7. asiatica

order family genera
Rhizobiales Rhizobiaceae Rhizobium
Eubacteriales Bacillaceae Bacillus
Paenibacillus
Actinomycetales Streptomycetaceae Streptomyces
Moniliales Moniliaceae Penicillium
Trichothecium
Aspergillus
Trichoderma
Hansfordia
Dematiaceae Nigrospora
Tuberculariaceae Fusarium
Myrotheeium
Sphaeropsidales Discellaceae Phymatotrichum
Melanconiales Melanconiaceae Pestalotia
Pestalotiopsts
Melanconium
Monochaetia
Mucorales Mucoraceae Rhizopus
Mucor
Sphaeropsidales Sphaeropsidaceae Phomopsis
Pleosporales Pleosporaceae Pleospora
Hypocreales Bionectriaceae Bionectria
Xylariales Xylariaceae Xylaria
Onygenales Onygenaceae Auxarthron
Diaporthales Schizoparmaceae Pilidiella
Agonomycetales Mycelia Sterilia Rhizoctonia
Sclerotium

2.3 PUEEMEN S
JEAR VAR TN 86 KR KB BT I PN 7 T AR 0 BRE

Pho g5 B8 1 BR A 2R 40 1T 1 R A AR TSR B A 16 BRI
A ECWR S SETE 18 PR A AR TR PR 1A A I8 PR NIRRT P
TU5E (7 30 BRI it Fi5 7 T R DL 0 2 B DL B2 Al
75 WA PRI A S a5 R AR 3. iR P R
L NEZR O - T G N G R RS S Do i
20.9% o R BOR 0 W N R B F 001
F224.F246.F3-KONG.F3-GBY, iff H 5 & W E
TUTRT R T 7= ) 1) 400 0T 3 1B R 5 39 BT T il 4 iR
W Hrh Rk F-GBY X B A WU ¥ 30 Bk JR 4R o
I 1) 5 A o ) AT R T R R AR R KTk
55 mm, s/ RIE R 712 mme F)T R e A B
PEo Wtk F3-KONG Xf 30 #5714 th 1) 29 #k A AT
A5 ) A0 R L
2.4 MENEEHERRHURRZLEN

U8 BRI GG L B AR R AT LR A B 1 PR R
16 BRECH, FOW 2 o K 16 FRICH ITS X741
A% 2 GenBank, B Bk J5 45 5 N 175 RIY P 3k 49
PR IR ok o IX SRR s R Y AR TR AR A R T
T ARG R T MAE T B TR EAE
A A R REAL 2R E S L B E] Ok B e KR i
GenBank X} 16 £ 40 B 3% £ & & 19 ITS 3 %) dt 47
BLAST Lt %+ 4> #71, #%& Hl Amanita cinereopannosa
FJ596838 fF Jy Ah KM, M R H - A 2
ARLE 16 sRiErE MR E R AT L )8 11
Ja& » FE A LI RIS 2 A ) AL

3 oHrAtie

25 FIAE W A 2 1 3l A A T 25 T R S
ATz R LSRG AR o X 1A
FMAERKRKERE Z MA@ E A H 0 EYAE
AT e A Uik B0 o0k 24 1R 40 % e 0 . o 2 40 TR 2R
BRI~ SCRR IR R 2 BB AT T WE S BN R A Al
e T SRR i 2R R R REAL . 2D T
eI AR R S A R TR AR WA LA R
WAEA AN I E G sh LS 4R It T 4K, 5 T
25 IR A A TR

25 HI KLY A A 8 20 25 1) 50 A B 2R 32 224 X
Sl B DL R A T R A A TR A 05 A5 D BRI S
AT A BEHLRAE CRAUE TR e 7 I A A TR 23
BRI 2 REvE R R e k. AERE ) N AR R B B R
(R0 R mh o HEBR VT ST € 1) T3 B4E E A AT
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R3. kRO ALEERMINERELER
Table 3. The results of antimicrobial activity of endophytes isolated from T. asiatica
strains (number) endophy '~
indicator bacteria = 1= 1- 1- 1- 1= 1- 1= 2= 2= 2= 2= 2- 3-— 3- 3- 3- 3-
001 007 18 26 30 60 64 99 24 30 46 52 71 003 21 51 KONG GBY
Staphylococcus aureusATCC25923 18 15 - 11 12 15 11 26 22 16 11 11 - - 14 - 20 28
Bacillus cereus Ym1004 19 14 - 13 - - 14 - 13 - 17 12 - - - - 19 29
Bacillus subtilis CMCC27853 8 13 10 10 15 12 11 10 15 12 15 14 10 - - - 17 39
Staphylococcus albus Ym1029 20 4 10 - 15 - 12 - 15 - 17 15 10 - - - 18 33
Mycobactertum tuberculosisYm1033 18 14 - - 14 - - 13 18 10 13 - - - - - 11 50
Sardine lutea Ym1028 10 - - - - - - - 18 - 10 - - 14 - - 20 50
Mycobacterium smegmatis Ym1037 15 15 - 14 12 - - 20 14 - 15 - - 12 - 12 14 28
Staphylococcus epidermidisYm1077 22 11 - - 13 13 10 11 11 - 20 - - 13 13 - 18 30
Pseudomonas aeruginosaATCC27853 18 13 - 14 10 - 13 9 13 - 15 13 - - - - 20 42
Sigel sonnei Ym1046 15 14 12 14 14 - - 11 19 14 18 13 11 - - - 16 38
Escherichia coli ATCC25922 2 13 12 - 11 - - 18 19 12 14 - - - - - 15 46
Hormodendrum compactum Ym3077 + - - 10 - - 13 - 13 - 14 - - - - 9 18 35
Microsporum gypseum Ym3080 18 - - - - 10 - - - - 13 - - - - 13 33 55
Hormodendrum dermatitidis Ym3078 9 13 10 - 13 10 16 11 21 - - - - - - - 22 22
Hormodendrum pedrosoi Ym3079 18 - - - - - - - 14 - - - - - 15 11 35 45
Trichophyton gypseum Ym3092 24 - 12 11 13 - - - 15 14 13 - - - - - 26 45
Trichophyton verrucosum Ym3096 20 - - - - - - - - - - - - - - - 14 19
Botrytis cinerea Ym3061 20 11 16 - 15 - - - 16 - 12 - - - - - 33 33
Isaria sp. Ym3032 21 13 11 - - - - 10 11 - 15 13 10 - - - 17 40
Helminthosporium maydis Ym3076 14 16 - - - - - - - - 10 - - 12 - 12 17 32
Ophiostoma minus Ym3429 23 14 - 112 - 17 12 - 9 12 14 - - - 14 23 46
Aspergillus niger Ym3029 - 9 - - - - - - - - - - - - - - 11 17
Chaetomium sp. Ym3040 19 7 12 - - - 16 11 - - 12 - - - - - 15 31
Fusarium avenaceum Ym3065 14 12 - - - - 10 - - - - - 17 - - 12 16 46
Gibberella fujikuroi Ym3215 9 11 - - - - - - - - 10 - - - - - 13 32
Escherichia coli 1310a400 - - 8 - - - - - - 12 - - - - - - 13 25
Klebsiella pneumoniae 50 13 8 - 9 - 11 10 13 - - - 18 - - - - 26 12
Staphylococcus aureus 1310a494 - - - - - - - - 9 10 8 9 - - - - 12 28
Staphylococcus epidermidis0013100172 18 - - - - 11 - 11 11 - 9 - - - - - - 29
Escherichia coli 0013100173 8 9 8 - - - - - 9 10 - - - - - 13 26
The average value of three repeats “ — ”: No inhibition.

R [ ey 2 T 0 2 R PP 00 LG A 4 T 7 R B ok 2
KA 75 i 26 Al e o 2B 75% ethanol
W60 - 120 sTk 0. 5% KMnO, % 30 - 120 sk 4T ™
K 22 TV B o ORI S 7E B SRR h NP L OF
5 A R A S BV 10 B 3 B MEAT 8 55 L X, AR
(K HE IR T 75 e B R0 BE P B TRE G R
B TR 1 R AR

1 G5 R BB S 5 2 K, 1 DU A A
A A AR 000 20 1 5 R G LU PR B
T A AR h LT . 7E S R R AR D, B SREC T
— 1077 1 L 4 A B AR TR SR TR — 1
PLR AN RS S AR GG YA . — e LUl T BE
P RASE T BAELZI AN NEEZN T, 5
e 45 4 2 5 5 K0 )7 12 WL » SR ) 22 800 43 7 B R A

G5B AT Ay M 7L D0 T S A B P L
I I A0 R AR A3 B T 18 R AR
WRR, 2)JE T 13 J& e 0 R R 2 AR AL R
BT ST 1 PR T S T R R T B0 T Al e 4 )
FEAE AT R A I 3 T 2 BRI R 2 ED 24 R
BEAT WG PEA I 5 Sy BE— D W Al 2L DU BB 25 ) AR
Y 2 P i) R T B . W R bk F-001 .
F224 . F246 [3506 1k 2 AL AU LT 3% 1
ZRIG, AR . 1Mt i bk F3-KONG.F-3-
GBY Z ALAR WG PR g« # 35 k & R I 5 0t 4k
ARG 7 3 R T AR IR AR S RS 1 AR B B A7 AE 1) B
e AL RVET IR 46 AF (1 8022 0 4 3 A BR 1K IR AL - I
HRAS 1) Js DA PR B B 1 A R SRR SR I . AR ARIR
22, R R PE AR S (K LR B e 47 1 400 1 3 A
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Kimura 2-parameter, complete deletion, bootstrap = 1000, and the numbers lower than 50 were not shown, Genetic distance scale =

0.02. The serial numbers in parentheses represents GenBank accession numbers.

AR 3 DAL 5 A 5 A% 1) T e W At e DT 3 Bl 910 1
PR E R . I A T Rl DR 5 S 8 IR 4 R A
1) A A K 55 3 it T LA o e PR A 1R, H

HIIJC ik AR AS L figp e v AR A 11 e 5 A3 2R
T2 3 R B AR R P R DR R R
el I 2B R RS BR324 e 1 BOR 25 18 A% £



W A 73 58 0 TR AL P A R R B 43 AT R A RS MR AT I /AR 2 4 (2014) 54.(3)

283

{1 T BUAE R i Y TR bR v T
225 3CIRR

(1]

(2]

[3]

[4]

5]

6]

(7]

8]

(9]

[10]

[11]

[12]

Aly AH, Debbab A, Proksch P. Fungal endophytes:
unique plant inhabitants with great promises. Applied
Microbiology and Biotechnology, 2011, 90 (6) : 1829-
1845.
Reinhold-Hurek B,
bacterial endophytes.
2011, 14 (4) : 435443,

Rodriguez R, White Jr J, Arnold A, Redman R. Fungal
New

Hurek T.
Current Opinion in Plant Biology,

Living inside plants:

endophytes:  diversity and functional roles.

Phytologist, 2009, 182 (2) : 314-330.
Azevedo JL, Maccheroni Jr W, Pereira JO,
WL. Endophytic microorganisms:

de Aradjo
a review on insect
control and recent advances on tropical plants. Electronic
Journal of Biotechnology, 2000, 3 (1) : 1546.

Boucher HW, Talbot GH, Bradley JS, Edwards JE,
Gilbert D, Rice LB, Scheld M, Spellberg B, Bartlett J.
Bad bugs, no drugs: no ESKAPE! An update from the
infectious diseases society of America. Clinical Infectious
Diseases, 2009, 48 (1) : 142.

Gimenez C, Cabrera R, Reina M, Gonzalez-Coloma A.
Fungal endophytes and their role in plant protection.
Current Organic Chemistry, 2007, 11(8) : 707-720.
Gunatilaka AL. Natural Products from Plant-Associated
Microorganisms:  Distribution,  structural  diversity,
bioactivity and implications of their occurrence. Journal of
Natural Products, 2006, 69 (3) : 509-526.

Kharwar RN, Mishra A, Gond SK, Stierle A, Stierle D.
Anticancer compounds derived from fungal endophytes:
their importance and future challenges. Natural Product
Reports, 2011, 28(7) : 1208-1228.

Turbyville TJ, Wijeratne EK, Liu MX, Burns AM, Seliga
CJ, Luevano LA, David CL, Faeth SH, Whitesell L,
Gunatilaka AL. Search for Hsp90 inhibitors with potential
anticancer activity: isolation and SAR studies of radicicol
and monocillin I from two plant-associated fungi of the
sonoran desert 1. Journal of Natural Products, 2006, 69
(2) : 178-184.

Helander M, Neuvonen S, Sieber T, Petrini O. Simulated
birch leaf endophyte
Microbial Ecology, 1993, 26 (3) : 227234,

Jetiyanon K, Kloepper JW. Mixtures of plant growth—

acid rain affects populations.

promoting rhizobacteria for induction of systemic resistance
against multiple plant diseases. Biological Control, 2002,
24(3) : 285291.

Stierle A, Strobel G,
production by Taxomyces

fungus of Pacific yew. Science, 1993, 260 (5105) : 214~

Stierle D. Taxol and taxane

andreanae, an endophytic

[13]

[14]

(15]

[16]

[17]

(18]

[19]

20]

1]

(221

23]

[24]

216.

Zhang S, Reddy M, Kloepper JW. Development of assays
for assessing induced systemic resistance by plant growth—
promoting rhizobacteria against blue mold of tobacco.
Biological Control, 2002, 23 (1) : 79-86.

Lodewyckx C, Vangronsveld J, Porteous F, Moore ER,
Taghavi S, der Lelie Dv.
bacteria and their potential applications. Critical Reviews
in Plant Sciences, 2002, 21(6) : 583-606.

REA, B, BRI, Mt BE SR T KR
S B EHEREEOR M AL, 2009.

Kieser T, Bibb MJ, Buttner MJ, Chater KF, Hopwood
DA. Practical Streptomyces Genetics.
Foundation Norwich, 2000.

Tokajian S, Al-Medawar S, Hashwa F. Use of the 16S-

23S ribosomal genes spacer region for the molecular typing

Mezgeay M, Endophytic

Oslo: John Innes

of sphingomonads. Canadian Journal of Microbiology,
2008, 54 (8) : 668-676.

Yu L, Takahashi Y, Matsumoto A, Seino A, Iwai Y,
Omura S. Application of PCR for selection of gram-
positive bacteria with high DNA G + C content among new
isolates. Actinomycetologica, 2002, 16 (1) : 1-5.
Barrocas EN, Machado JdC, Almeida MFd, Botelho LS,
Pinho EVARV. Sensibility of the PCR technique in the
detection of Stenocarpella sp.
seeds. Revista Brasileira de Sementes, 2012, 34 (2):
218-224.

Jiang G, Yang B, Yu H. Research on the influence

associated with maize

factors on isolation of endophytes in two medicinal plants.
Journal of Yunnan University, 2011, 33 (5) : 610614,
620. (in Chinese) .

LEM, AT, BLHL. PRI )R 2 S
HEH . = K¥EEM (ARFEMR) . 2011, 33
(5) : 610-614.

Lan Q, Ji Z, Gu A, Shi B, Wu W. Preliminary study on
the insecticidical —and components  of
Journal of
Northwest Sci-Tech University of Agriculture and Forestry,
2004, 32 (10) : 79-84. (in Chinese) .

L R, Wi E, WEH, RICH. WEENE
H AR OOR RE PR B AT BE I PE A AR MR
Kegal CHARRERR) » 2004, 32(10) .

fungicidical

endophytic fungus in Celastrus angulatus.

Cerny G. Studies on the aminopeptidase test for the
distinction of gram-negative from gram-positive bacteria.
European  Journal — of  Applied ~ Microbiology — and

Biotechnology, 1978, 5(2) : 113422.

Barnett HL, Hunter BB. Illustrated genera of imperfect
fungi. [llustrated Genera of Imperfect Fungi, 1972 (3rd
ed) .

ool HESETFM. B R REEBR B AL,
1979.



284 Benshou Yang et al. /Acta Microbiologica Sinica (2014) 54 (3)

[25] Miller JH. Experiments in Molecular Genetics. New Burlington: Elsevier Academic Press, 2004 : 241-270.
York: Cold Spring Harbor Laboratory, 1972. [30] Jbara I, Baysallar M, Kili¢ A, Yetiser S, Unay B, Acikel

[26] Murray M, Thompson WF. Rapid isolation of high C, Yapar M, Doganci L. Comparison of culture and
molecular weight plant DNA. Nucleic Acids Research, polymerase chain reaction methods for the detection of
1980, 8(19) : 4321-4326. Haemophilus influenzae, Streptococcus pneumoniae and

[27] Bissegger M, Sieber TN. Assemblages of endophytic fungi Moraxella catarrhalis in cerebrospinal fluids and middle
in coppice shoots of Castanea sativa. Mycologia, 1994 : ear effusions. Mikrobiyoloji Biilteni, 2007, 41 (4) : 495,
648-655. [31] Reesink HW, Mohammadi T, Pietersz RN, Savelkoul

[28] Schulz B, Wanke U, Draeger S, Aust H-J. Endophytes PH. Rapid screening by realstime 16S rDNA PCR for
from herbaceous plants and shrubs: effectiveness of bacterial contamination of blood products. Clinical
surface sterilization methods.  Mycological Research, Chemistry and Laboratory Medicine, 2008, 46 (7) : 954-
1993, 97 (12) : 14474450. 962.

[29] Stone JK, Polishook J, White J. Endophytic Fungi.

Population distribution and antimicrobial activities of
endophytes in Toddalia asiatica
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Abstract: [Objective] To study the population composition and antimicrobial activities of endophytes in medicinal plant
Toddalia asiatica. [Methods] Endophytes were isolated from T. asiatica by using an exterior sterilization method, in
combination with adding antimicrobial agents. Endophytes were classified and identified by morphological and molecular
characters. Antimicrobial activities of endophytes were measured by using paper disc diffusion method. [Results] Three
strains of endophytic bacteria, one strain of endophytic actinomyces and 82 strains of endophytic fungi were isolated from
T. asiatica. Fusarium, Pestalotiopsis, and Aspergillus were the dominant populations in T. asiatica. Antimicrobial
activities of these endophytes were measured against 30 pathogenic microbes, and 18 strains possess substantial inhibitory
activities, of which 16 strains were endophytic fungi belonging to 11 genera. [Conclusion] Endophytic strains with
antimicrobial activities were obtained to explore the application of endophytic resources from T. asiatica.
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