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HAREAEMEN D ELEXEREY R FEIEN
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WA ERE THAL xE BL IH
(EPAFET22pe R TR SRR W H 471023)

1 . [ 8 4] A4tFH(Paeonia suffruticosa Andr R3FLLL T o B 5T A A E, MNEFILHHK
R AR & M R eI B E . [ ik 1 R P At i ik 05 i ad 42+ &k & 7 i (Botrytis paeoniae
Oadem). 4+ & JH # H (Gloeosporium sp.). 4+ 2 5t 5% i (Altenaria sp.) 4: /+ & 52 7% # (Phyllosticta
commonsii VA 42 AN A 64 M A i, ETH AR, A4 L HF 16S rRNA LB 5 7] F) R4
KR AELA MR, ARIERE IR KA E W A AR KL E 5 7 A R L AR AT AR B A i“”#’lzﬂ‘l R BRI
/&%J}iﬂlﬁ}* WA IEIREY T, FARAT LN G AR R R RN B k. (4R ] M4t
RERZAR F 0 B RAT 62 A A, P E Md31 A= Md33 #F 4 AR R E iﬁﬁ«wﬂmﬁ%ﬁr
HIVEA . Md31 A= Md33 &5 A fR 2 4 oF 84T 1 (Bacillus amyloliquefaciens). i i3t 4% Md31
Fa Md33 #47 5 ANIE IR E A 48 A B bmyB. fenD. ituC. SITAA F= srfAB #9480, & 21 Bl iR
GHT, RARMANAMREA S RIGREN R A . B R Md31 A= Md33 695 Ak EALIZ M 2T B 1K,
B R R AR B RRIARE A RIAER . (4548 ] 3RAF T 2 Mt m R B A RAFHP 41 20R
QIR S FOATH Md31 o Md33, 2 NEAMRGI ISR EALIR YL A R 6 RN E b, 2R
KA A A mE 6t —F L R R T ek,
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Isolation, indentification and inhibitory activity of lipopeptides
of endophytic bacteria from the root of Paeonia suffruticosa
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Abstract: [Objective] To isolate and identify endophytic bacteria from the roots of Paeonia
suffruticosa and evaluate antifungal activity of secondary metabolites of antagonistic strains in vitro.
[Methods] The endophytic bacteria were screened against Botrytis paeoniae, Gloeosporium sp.,
Altenaria sp., Phyllosticta commonsii through the method of dual culture. The strains were indentified
based on characteristics in morphology, physiology, biochemistry and phylogenetic analysis of 16S
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rRNA gene sequences. The lipopeptide biosynthetic genes fragments of antagonistic strains were
amplified by polymerase chain reaction. The crude lipopeptides of strains were obtained through acid
precipitate method. The inhibition ability of lipopeptides produced by antagonistic strains against
pathogenic fungi was evaluated in vitro. [Results] The 62 endophytic bacterial isolates were isolated
from the roots of Paeonia suffruticosa. The isolates Md31 and Md33 showed inhibitory activity against
four pathogens. Md31 and Md33 were identified as Bacillus amyloliquefaciens. The genes fragments of
bmyB, fenD, ituC, srfAA and srfAB were obtained in genomic DNA of the two strains. The crude
lipopeptides prouduced by Md31 and Md33 were isolated from culture supernatants and exhibited
inhibitory activity on mycelium growth of peony pathogens. [Conclusion] Two antagonistic B.
amyloliquefaciens strains Md31 and Md33 were obtained, and their crude lipopeptides showed
inhibitory activity against four peony pathogens in vitro, which will been provided a basis for the
further development and application of peony endophytes.
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lipopetide metabolites

FE ) N A= 41 T (Endophyte) /& 45 — 28 75 H & 43
BT A E S S TR LN TR, A
(FER-LE= iR S TN O G et 7/ A I =5 <
W R, WAANEALE S 2 FIL R A,
REfg Ak 5 7 A A R SR AT R 2y
FHAE YN A A ™ R — 2 i Rk o8 2 & 1Y)
KRG TN, 25 MY N A T vh S 44
PITEMERL D AT SRR . 2R 2 IR AE
IR AN, 2R A A A TR
ZEARAT B P AR WA B B e A W B I v kR A DG B
YERL, BERREYI PR H FENPIRYI R —, F&
FLAEAGH I 2R (Subtilin) . FPHAGEL 2R (Iturins) . AF7E
K (Bacitracin) . = Jil 2 (Fengycins) 1 3¢ Ifi {i§ 1 &
(Surfactin) %, 33X L) FFAEAE ) N AL B B SE R
TR R A L IER

H:J}(Paeonia suffruticosa Andr.) AT RAT 2
B AR MR, R EREA g, B
AT W B AN (LR ZG FAA (R PR AT AZY
AP R, FHETEDUR . M. FEIbE
REIMAR . PURass )y HA BT R, HZ e
2, BAT MR R T E o E A
ST SR P I X R B AR PR P9 A T Rk
BT T3 8 WA R/ADAEFIIE SR = A
o I SN AR B T T A0, JRREE Y 3
PRI A LIRSS BE A5 )& LA (Alternaria sp.) PR-14
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KA A% (Trichoderma longibrachiatum) PR35 F175;
KB (Chaetomium elatum) PR20 A LS4
AT Torpe A gt N LA T A
A= 4R A RIS 4

AWFEVAME G2 FIFE YL PR AR SRR,
HEATINAE IR P 4388, USRS 3 i N AR A R %
PR, ()BT AT B GRS A A R A 240 1R 114
VETAE, FEXTIL A B ISR B M) A T 203 5
RSN TEIE PERI DA, AT AT A TR Y i —
A R AR LS
1 MR5TE
1.1 R
111 HREY: A PHRERA LU 5K B i BT
FEIAERE | B st A el 8 B R T2 B A el 4
FHRIAEIX., SREEWIREA 2014 48 3—4 F 51,
1.1.2 {EREYRER: 4 PHKE I IE (Botrytis
paeoniae Oadem) . #1717 I 14 (Gl oeosporium sp.) .
b FF R BE 0 B (Alternaria sp.) . 4t P B BE
(Phyllosticta commonsii)#4 A AR S 28 43 BT o
1.1.3  $EFeEL: FEPH R AR SRR 1 3 B IR
TSA FiF 3, BMRIR ARG 7 1 NB 53555028 °C,
180 r/min, 48 h); %l ELEE 3 H] PDA Rk,
PR I FL RS/ A 2 R PDA K555
FECEPIAE R S g/L); FEPUREMRIR RIS Y
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(94385 1] Landy 35373101
1.1.4 KT rTag DNA E47F . INTP. DNA
marker A1 pM18-T FIASF B E4Y) TFRROKE)A
BRZA W] s BRI B Spanish 23 w5 A& AL 24 DNA
FEHGR 7 £ (TIANGEN Bacterial DNA Kit) FIE gk
BEHE [P F & (TIANGEN Gel Extraction Kit)l H
b AR A R oAb 5 B, PCR
P yas1 Y h B T AR TR AR S5 A R
B
1.2 H&E
1.2.1 FEREARNTBEN: KEREN B
FHREBLHLUE B AT s T T, I ANZR
B, BENUFREBUREZ 5 g, FRIATEHE(70%PHR 1 min,
S%KAFREN 5 min)J5, JCHE/KPYE S Wit B4
FEAIN 3 mL JCEE/KWERE, #-E 15 min f5, H0.1 mL
SIREURAT T TSA Ao #E i DL i — IR TCIR7K
TR IR, ARSI R R B2 IS . g 43
BT, PRECETEEI . Ko SEREHE . R
fiE . FREEIE 57 LS B RS R IR AT B R AN [R]
(AP TEVETE NA A 4l AL AR AT
1.2.2 HEINHAERERRTEE: RO IR 57
B, 7EHA 9 cm UK PDA “PA PR HIE N
5 mm (4T PHR IR B 228, FERRRE SR IZE 9 mm
Qb YT R HE N A A TR BRR , Xo E B 2
Y, 28 °C K537 7 d JG IV EEH W T8, ST
R, BMEBESR 3K,

JIVHR ZR=Ch} HE T 9% AR — A P 2H 1R 9% B4R )/t
HEAH PR YE BT ELA2) %< 100%
1.2.3 HEREHELEE: (1) FEk Md31 il Md33
H LS E . BB ER | BIVRES FRERIE SR |
T A MEFE S E e . AR IR | TR
PR TR ER AN R ER A P G | 2 o il 4 Tl
W RN IREEAL: . L2 v-P 55 B
PR R BRI . MR R ke . WA R R A 5
R VEMKAR . RBOKE . BN, 4
FOKME . BB NI, e Dy vk S B

SCHR[17],

(2) HFk Md31 i1 Md33 () 16S rRNA JL R 41
R S 79 S o INAE TR R AR Md31 il Md33 3
[KIZH DNA B $ O 5 |19 3 16S rRNA LA 1)
TrkB 2% CHR(18]. Slifby 3 . sakEly, X
M 3RAFH 16S rRNA JEFH ¥ 51 F ] GenBank H (1)
BLAST #{F#EA7 [FEMES T, ClustalX XFHESS ,
BioEdit #8715, MEGA 4.1 B R Sk
B}, 1 F Neighbor-Joining #7547 1 000 A K31,
A B AR 7 A Maximum Composite Likelihood Model,
124 FEMEKSEREYRE REXNINEE
E 3 #r: R B R 2T I D) sE 3L bmyB.
fenD. ituC. srfAA Fll srfAB (1) 5 %4 S5 | 344t
PPk Md31 Al Md33 RIBRRRZSY) B G i ) R 2 [
T30, 1TS54 3525 SCR119] . 3
B e sCRERNN T S AR 16S rRNA JEA
FE 5 R A ]
1.2.5 BEPRBERKZEARIRIAOHI & R NB
EALRESR, B3 mL #F) Landy 35575 (250 mL
=AM 80 mL Landy ¥53755), 30 °C., 160 r/min
ZUETFIRGESE 36 h, BiRgGRE, BREAED
10 000 r/min 5.0 20 min EERE AN, iR A
6 mol/L HC1 7 pH = 2.0, 4°C 7%, 12 000 r/min
200 10 min WUERDIVE . FETTTED i A BEfhE 2
W, BN AIF, A 2 mol/L NaOH i pH &
7.0, HARRTRILVR VR TR0, A PR
FEFRRR VR T, SRIHR IR BRI $24 , FIERR
Eh % higus s Y
1.2.6 BERAEYIRHAREEEIIFIHER: KA
AHARXTIRERE SR, BOESRAFEY PDA Pk L EAR
5 mm PP IKESR ARG R, BRI e PDA
SRR e, LEFEREFRIMAZE 1.5 cm A0 X FRdd ALE
e, FEAHARIIA 200 pL BERERZEY) BRI Y, Xt
HE BRI B A 228, 28 °C K59, FRgxtirk
TR A S P PR AT B DERE O PRI Y 9 B Sy TR
PES A Z I PR, A PEER 3 IR,

http://journals.im.ac.cn/wswxtbcn



1084 A %8R Microbiol. China

2015, Vol.42, No.6

2 HR5406
2.1 HIFIFHRREEENAE AR TGE
GRS FREE L, WP HRIFH A ALy
BRI 62 BRINA A TR TR , AR IR G SR 1 6
R A P0G 5t B DA 1 A S () B A o 4 P i S bt
PRARGR 1)o 55X HEAT PR ISR AR EL , R0 A 20 B
V1R 5L TR P 22 1) A K B2 3 BH 8 i, b
Md31 Fl Md33 MsHTiE R e, MRS AT,
XPREFY 4 i J5 TR (40 B S8 SA7E 4 mm D E,
PRI 50%LL o Rk Md10, Md15, Md44
F1 MdS3 HUIETEWE ™, (EXF 4 Bt PHE s R 1
TR
22 AEMEEKRBEESER
221 EHEE: Fik Md317E NA B3t Eagk
PUMHTHIE A . T e, R YOy
RBS(E 1A); HFE Md33 76 NA 5 9R5E Frya
SATEA AR . ot ST KT, RIS
AHENLAR, RIEMFE . AR (R 1B), S8 [
s, BN, WEECHFRRE 10). A REA
FELERRY], TR A R, AR
LR, fE 20-55 °C ¥yl A, fd KR E

28-37°C, Ii& pH M 6.8, HETE 10% NaCl 4K,
S I 2 A BHE , VP S A R, SR A
FEGEAN IR, SRk Sy BAE, FTAF Z2
Wi, ANaerAEmve, REKMIERT, (ENREMRIL AL,
TR R =N S B, 274 R R S PR
B-1,3-1,4 RN F b 2 B o ARG IE S RAE A
FRAARARAE, WX 2 N ERRI T 2R AT R
2.2.2  16S rRNA EREFFI57#7: 16S rRNA FA )
PCR ¥ 25 R, Hikk Md31 Fl Md33 (94 447"
Y1535k 1 515 bp F1 1 513 bp, ZHE FifFE TAY)
TREAENNT, RAFHEE Md31 Al Md33 1 16S
rRNA SR 275, JEH1E RS540 5128 KP059105
F1 KP059106., F|F GenBank H1i BLAST #f4:%} 2
ASBERE) 16S IRNA FEH PS4 7047, Ak Md31
1 Md33 [ 16S rRNA JEH ¥ 21 55 ff JE A 2E AT i
Bacillus amyloliquefaciens ELA& %5 & B[R], AR
RIPEEBRIIE 99%. M5 A RIS 7 41 [R5
FBYEAE, ClustalX XHHEfS, BioEdit 245541, )
I MEGA 4.1 B E RS L FW(E 2). HTEE
FRAE . A= FRAEARARAERT 16S rRNA BLPR 51204,
o2 A RS E N R TE B ZF AT (B
amyloliquefaciens).

* 1 NEREER SRR EEER

Table 1 Inhibitory activity against pathogenic fungi of peony by endophytic isolates

95 R B T %6 Inhibition zone (mm)
Pathogenic fungi Md10 Md15 Md31 Md33 Md44 Md53
H P} K59 4 B. paeoniae 6.5 8.0 12.0 15.0 7.5 55
IR IR 1 Gloeosporium sp. 1.5 1.0 4.5 5.0 1.0 0.5
H PR BT Alternaria sp. 4.0 5.0 9.0 11.0 3.0 2.0
HFFE B P. commonsii 9.0 10.0 15.0 14.0 10.0 8.0

1 NEE Md31 (A)F Md33 B)EZIFIERE=ZREERE(C)
Figure 1 Colony characters of Md31 (A) and Md33 (B) and Gram staining (C)
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2.3 FEHUEIRK Md31 F1 Md33 SRR R A R E
E 5

FIF 5 XA SRR B e 55 140, TR
Md31 #1 Md33 @tk 3] bmyB. fenD. ituC.
srfAA il srfAB JE [R5 7 BE, TR B BT A R 2 AT
F(B. subtilis) 168 NREY 1 IRIG X LLSLA F B (&
3), SEREMERE Md31 F1 Md33 BA SRk
YIRRSE R B B B B ARAT R R S A e alifhe
FEREIN IS 2 B3RS bmyB., fenD. ituC. srfAA FiI

sfAB JE[H F- B4l . M BLASTx K33 A4~
IR A BUF 15 NCBT B iR AR A E R P41
PEATEERE, SEIRREL, PR S R 2T B
FIAE B ZE AT R A9 B R 2 o 5 b IR 1 8 11
FEAIFIELE 92% A |, 52 AT g HAb R ig
RRZE W o3 G i IR A 2 1 B S AR R 7E 70% LA
L URBHA R S5 | i B B L R e Bl A
IR RIS A LR 41, RIS BURE Md31
I Md33 BA G BUs Y RRE T

* Md33
Bacillus amyloliquefaciens C7-1 (AB244463)
481 Bacillus amyloliquefaciens SB 3200 (GU191911)
2 md31
Bacillus amyloliquefaciens FZB42 (CP000560)
Bacillus subtilis MO4 (AY553097)
71 Bacillus subtilis BSn5 (CP002468)
Bacillus.subtilis subsp. subtilis str. 168 (AL009126)
Bacillus atrophaeus 1942 (CP002207)
Bacillus licheniformis ATCC14580 (CP000002)

Bacillus pumilus SAFR-032 (CP000813)

— Bacillus thuringiensis BMB171 (CP001903)
100 — Bacillus cereus ATCC14759 (AE016877)

95

0.005

2 ET 16S rRNA ERFIERNALEHR RS A B
Figure 2 Phylogenetic tree of endophytic bacteria based on 16S rRNA gene sequences
W RELFMRASELME; 355 P07 SRR RN GenBank 2555 403 FIEEIIRZ 1 000 YOG BEFEE;
BRI IR
Note: Phylogenetic tree was constructed using the Neighbor-Joining method. The sequence number in the bracket means the GenBank
accession number of the strain. Numbers at branching points refer to bootstrap values after 1 000 times calculation. Scale indicates genetic
distance.

bp M1 2 3 M4 5 6 7 8§ 9 M1011 12 13 14 15 M

1500

500

300

B3 FREEMSFEFE Md31 F1 Md33 BERA MR A& R E B 14
Figure 3 Amplication of lipopeptides biosynthetic genes from strains Md31 and Md33 with specific primers

7: M: 100 bp DNA ladder marker; 1. 4. 7. 10, 13 5 3I{CFEEk B. subtilis 168 srfAB. srfAA, ituC. bmyB Fll fenD FEE (Y4425
Hi 205,80 11, 14 55UREHEE Md31 sfAB. srfAA. ituC. bmyB il fenD ZERIG 45 s 3. 6. 9. 12, 15 4R FFR Md31
sfAB. srfAA. ituC. bmyB I fenD JEH (71445

Note: M: 100 bp DNA ladder marker; 1, 4, 7, 10, 13 is corresponding to gene SrfAB, srfAA, ituC, bmyB and fenD of the strain B. subtilis 168,

respectively; 2, 5, 8, 11, 14 is corresponding to gene SrfAB, srfAA, ituC, bmyB and fenD of the strain Md31, respectively; 3, 6, 9, 12, 15 is
corresponding to gene SIfAB, srfAA, ituC, bmyB and fenD of the strain Md31, respectively.
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2.4  BERRARR Y 3 H A IR B A9 S AR HD
1EF

Md31 Fl Md33 BERZSHL S0 T 47
39 IR B TR 489 EL AT AS [ 2 B A ST i PR (36 2) 0 1
Pk Md33 (R KSR Y BENS 2 M AP K E
PRRIBIURG R P 22 AR, BB 16 9 B2 43l ik
F7 10.0 mm M 9.7 mm, FEE Md31 ()R IK AR
Xk 3K TR oA I R 24 A K P R AR (B
F, HAEH TS50 9.0 mm F1 10.5 mm (&
4)o 2 A TEKRAIIE BESSHL I X P BB 1 o
B AT A 22 ) A R FA — s i A A

<2 Md31 F1 Md33 BRRSEHE IR R R EE
BOHIEIER

Table 2 Inhibition ability produced by lipopeptides
compounds of Md31 and Md33 against pathogenic
fungi of peony

HINERHT S BE

5L Pathogenic fungi Inhibition zone (mm)

Md31 Md33
HIFIKEESH A B. paeoniae 9.0 10.0
H PR BT Altenaria sp. 0.5 1.5
HFFHEBERE P. commonsii 43 6.0
H PRI Gloeosporium sp. 10.5 9.7

El4 ik Md31F1Md33 BERR AR HHRRER
HIFARIEIER

Figure 4 Inhibition ability produced by lipopeptides
compounds of Md31 and Md33 against pathogenic fungi of

peony
W A HFPURESRE; B: 4HPHRIENTE.
Note: A: Botrytis paeoniae; B: Gloeosporium sp..
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SR E N BIFIE O — e 2 A AT T
WATR A8, FEAR T —E R, (AARXF 3
Bl == T 1 24 FAR AR DR U, IS A A SR
FECEFN, AN FECR PR R N AE BRI ER L, Y
W R T AP AR/ N8R4y, R R B 2R A
PIN AR IRSE, F= & AN AE A BRI, AT
N AR AT A FE A AR 2 (. HRTA —
Se fF 5% X 25 A W oF B 35 = £ (Gynura
procumbens)®? . i Z (Artemisia annua)®?,
(Glycyrrhiza spp.)?* . 7% 4§ (Tridax procumbens
Linn)® | #4525 (Nepenthes spp.)*® . Ji# (Aquilaria
spp. )P EEHEAT T N AR I 03 B T, HILT- A
KTHIHN AR I AT DAL 25 A
FEPEAAEL, M FHR B I 2515 T 62
FROVA AR AR, 2B AR 40 0 B 3 B A
FEZAEE, WHPHNATE ST RS T
JEA

AWFEABCRETG AR bR, A PHR AT A= 21
P TR T B TSRS T Tk Md31 1
Md33, 2% 2 AR N RN 2RI . A
AR PR YR F AL Z —, SRR R
P 1 AR5 7 0 LB 0 A s D B 4 S B AR
Ko AR A= IR Y BRI 20, gy
B4, IR TR R —, FEA
TR HE R 2R (Subtilin) . JHA AL 3R (Tturins) . AT I
(Bacitracin) . 7 J§1 % (Fengycins) 222 — ik Hy
PR R A R R B AR m A E A, AT
VR R F A BRI, FH A0 5 1 A= B . 29
AT P 3R (Surfactin) 2 A7 R0 A= W) R 11 TG PE ) 2
—, HIZEAUFF R A AR R T E M RN A
PP ECDERE 7, (FURT DU S Al 50 8 28 14T B 1 g
71, EYRETEMER FEAEEY REIE )24
W (Biofilm), S HEPIAR S S 329 S5 F A (2P
ABFFEE A FE AL B 2 ASA Bk Md31 i
Md33 B EA G AR BT SR 5 R B, e
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