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Identification of an antifungal bacterium against mushroom pathogen 7ri-
choderma viride and characterization of genes associated with
antifungal activity
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Abstract:  To find soil antifungal strains against Trichoderma, the first competitive contaminant in mushroom culti-
vation, 12 isolates of biocontrol bacteria inhibiting the growth of Trichoderma viride significantly were selected using inhibi-
tion zone method. Strains 12C2-4 and MS82 presented distinct antifungal activities against 7. viride, among which, strain

MS82 showed no inhibition against the mycelial growth of Agaricus bisporus by confronting incubation. Biological and bio-

chemical characteristics of strain MS82 were identified by

e B #3:2015-09-26 API20 NE and APIS0 CH systems. Together with the

BEEWE T AFRE ST H [ BK20150547 ] ; B ML 7l £ A
TR R HB LT 4 (CARS24) T H

FEEMA T BR(19820) . 4o P52 AL b, BURFSE 61, 150 showed that strain MS82 is a member of Pseudomonas sp..
e T Ak B R R R B B 07 T 00 BF 58, ( E-mail ) To characterize the genes of MS82 dedicated to antifungal

malin1590@ sina.com activity, a mini MS82 mutant library was constructed using

phylogenetic analysis of 16S rDNA gene of MS82, it was
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TnS transposome kit. Mutant MS§2MT31 was defective in antifungal activity against Trichoderma sp. completely. BLAST an-

alyses revealed that Tn5 transposon was inserted into the rpoB gene which shared a high similarity(96%) to the rpoB gene

of P. fluorescens Pf0-1 ( GenBank accession no. CPO00094. 2). These results suggested that rpoB gene is closely associated

with the synthesis of antifungal compounds of MS82 strain.
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B 2R 3 Y nl e 2RO T P
XA W 95 A B G A W B Rk, P O B N T
( Pseudomonas fluorescens ) ¥l & Hirp—28 B =41
AR 7= X6F 5 36 M 9 BB S AR E d 21T i
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FEMIR IR B0 T WAL 4% 7 SR, NBY RE5R5E. &
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ml/L,1 mol/L KH,PO, 3.7 ml/L, B #5 16 g, 121
CHEEXKHEIGEHZE 50 °C, 10% JC1H % % 8 50
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HIE IR A 39 /L, 4 A2 R o B I 3R H K iR A
4 o/L,
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PUEC B 36 P A I e R I B R GE T B
NBY Byt 5% ik b 35 5% 00 A= B 45 B 4 T 50 18 7% i
A5 ml NBY WAAR; 7R3 28 CHR I FF 24 h K
BT TCHE KRR RN 1 ml 2% 10° 20 i 4k B 1) T
W, B 10 wl 43318 T NBY Hil PDA Bilg st b
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11 T BT Kb B — /N R T ¢ 00 A 5 TR 22 TR A T TRV P 3%
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1.3.1 AmAkw  AALRIER A E %
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21 ¥ 27F (5'-AGAGTTTGATCCTGGC-3") 1 1492R
(5'-GCTACCTTGTTACGACTT-3") ¥ 3 16S rDNA™
J£%1, PCR 7= ¥ i 3 Wizard ® SV Gel and PCR
Clean-Up System Zlift. /5 H1 Eurofins MWG Operon 23
HR . 4HTE Y 16S tDNA KN 31 $F42 )5 78 NCBI
A THEX . FH BLAST R4 B 16S rDNA Wl 745
5 GenBank HVE SR F A FEAT EL X, I35 HUOR T
WMRIE RS LTS, BT 552 T 5
DNAMAN #A7[RIJEPE ST, fdiH] MEGAS.0 4444
BAZLEW, 0BRSS ORI RSO R %
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1.4 RELTEKRAIFIE

kT A S P TG A S 3L R EZ-TnS
(R6Kyori/KAN-2) Tnp ¥ T REHLIG AR iR 40
AR EEE 4] DNA v, BARTTh A B DA 75 7F
LB BB IR 5 B 35 208U E K (0D, = 0.8~
1.0) BF, L 0. 3 mol/LJE M VA VAR by HL 5 15 75
YN B AR R A A LU R AR G T 2 (25
wF,200 Q1.8 kV) ¥ EZ-Tn5 %5 ) T4 A 40 R N
2 DNA,PRE 5535 2 h JE b R M SR e &
50 pe/mlRIREEZEAY LB 94k b, b i 5 35 05, 0
EoE 4 £ Ek 80% Kk AW TR G PE () AT 7% , O HLif
INHAE FE R 3G 5 5L B o] LLIE & £ K. LL EZTnSF
(5'-TTACGAAACACGGAAACC-3") Hl EzTn5R (5'-
TCTAATACCTGGAATGCTGTT-3") K 5| ¥4 14 Tn5
FEVET IR AN IEINT , LUBG IR AS 19 98 A5 1k 40 75 % s
F, [RIAF 9 34 16S vDNA 3 P -0 57 Hf DA 28 728 #k ok
) [R]— 41 B R A
1.5 BREBENFEISH

i Wizard ® Genomic DNA Purification Kit $2H

®1 RKAERNERERBENMEER

YR 2 AR KR LN 4L DNA, FHIBRSIPE VI Sal 1 347
ST A%, BRI FT A IM109 Hr 48 EUSORE, D
KAN-2FP-1 il KAN-2RP-1 JJy 5 ¥} Bk 4 1 iy 5
FE NCBI _L B4 7 HEXE BTN TS B M3 AR B, T
DU A A B X B R IE PEAE T
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Y RSP0 AN H 0k 12 kA B S 3R FH A
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FEIAS[R] 41 B 8 A% TR 3 1, 3 AT B 5 A TR AE AN (]
Tk bR B P R AN A G, TR 12 B
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TR E X R A U AR SR, HAEA
[F 3 5L 3R A AR PE

Table 1 The inhibition of 12 bacteria against mycelium growth of Trichoderma viride

NBY PDA NBY PDA
W mpmcke dim WERER M W mpger xEIE MEERER G
(mm) TEH (mm) 1EH (mm) fEH (mm) EH
12A5-7 11.00e e Oe el 12C7-5 11.33¢ EN] 11.33be EN |
12A7-6a 13.67d EIN} 3.33d ELIN:} 12C9-1a 11.67de BN 11.00be AW
12B10-5 19.33a EN| 2.67d T 12D13-10a 17.33be EN | 10.33¢ AT
12C1-1 9.67e ENL | 11.33be AT MS82 18.67ab Bl 18.33a ]
12C2-4 11.67de AW 11.67be AW 13B5-11 17.33be B0} 13.00b il
12€3-6 10.00e A 11.33be P 13C13-5 16.33¢ e 11.33be I
[ 5B R [R) /NG R R 25 55K 0.05 EIKF,

212 RAWMANZERFRTAAR LYY L
TR IR S0 12C2-4 F1 MS82 B RRAE R bk,
NS 2 PRAE BT A DA T 23t 00 A 5 TR ULA 8 4 TR 22 11 5%
Wi, AN 1 ] I Y, MS82 bR AT 4 (AR B R
ORI B AT 12C2-4 Bk (& 1A & 1B) 512C2-4 Btk
X LA 4 D 22 A7 B b g 4 AR (&1 1C) |, i MS82
PARXS AR 2 P 22 LT A e (16 1D) , PR, 16
P& MS82 RN E A IS ST B B R IR

2.2 MSS82 EHBIEE

22,1 AmAMLKZT K API20 NE F1 API50

CH 41 %5 2 G %) MS82 T4 Bk 14 A= B A= Ak 4k F
FFIE 058 45 51 W7 MS82 T8 bk 1 AR Ak 52 I 13
SRS PP & 58 W) & -5 H R R
M EERA 25 (% 2),

2.2.2 s AHREE @i AE NCBI A
J#E i BLAST & P, MS82 B #& 16S rDNA Jt [
J¥ 51 (1387 bp) 5 1B 5 5 J& 5] IR P ik #)
99% (I 2) . 45A bR & F¢AE A A B A Ak
FRAE % 2 45 1 B E MS82 H bk R T I B
WS o
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A MSB2 TR X £t 68 ARG T 22 A HD T Pl 5 B 12C.2-4 TRIBR X 4t (L R 5 TR 22 (M TRTREL 5 C . 12C2-4 Tl R X XA 08 T 24 A K A S, 35 % 5 4 0 7
T RIE LS AT T& A 12C2-4;D : MS82 T A X XA 48 A1 22 A2 K (1 2], 35 TR LV Lo B V2 MIS82, T A T v Ay LAt

B 1 Etk 12C2-4 70 MS82 SR B ABMWNAEEHLHNZ M

Fig.1 The inhibitions of strains 12C2-4 and MS82 against mycelia growth of T. viride and Agaricus bisporus

Fz2 MS82 HiRAEEA WEHE

Table 2 Biological and biochemical characteristics of strain MS82

FOAE MS82 TR T AL R AR T LRI S N0l R e L
AR ¥ , - - *
Rk + + + +
Z B + + - + +
KR - - + - -
LT + + - + -
D-#% > + + - + +
D-AHE" - - - - -
D pLi + + - + -
D-H g4 + + - + -
D-H g ' + - + +
Lot - - - - +
-1 - - - - -
DB fe 1" + + - + ND

*:API20 NE /%gﬁ;h :API50 CH /%g)}to +:ISETM)ZM“;—:fﬁ‘&fiﬁj;V:gﬁfiﬁj;ND:ﬂiiﬂﬂﬁc

2.3 TnS RETEFHRHERE

M\ EZ-Tn5 % )i 7 BEALIE A 2825 14 o vh 45 51 1
10 0002171 A7 R AR EE R PUHERR 1 ) 5 5 b v 7 18
| 28 FRIE 4K KBl 80% 2 LM il 4 €8 A 5 T 1 1Y
FRARR, MS82MT31 2 rfr—k 58 42 ¢ LA il 4t
AREEH T A (I 3) , I B i 5822 K b EZ-
Tn5 F Bt 16S rDNA J¥ 51 43 BT B 1 3% 26 58 A% fA S
K H MS82 Hikk, MS82MT31 245tk Sal 1 BV . H
AL 3RS R pMT31EL, 38 5 BLAST [ X
KB TnS AL E N rpoB N, 5 2 A R PO-1
1) rpoB FE R AH L1 4 96% ( GenBank % 5% 5
CP000094. 2) . rpoB NI A TnS5 4 i+ 5 5 )
AEL A T AR, B MS82 Hrak (R F TN W (A

PR A W, e T IR TG M, A rpoB BRI
MS82 T Ty P40 o £ i DI AR G o
3 4
TP Z R, MNANE K 20 2405 Fh

JE AR ) B B e R A T e Gl o B T
( Pseudomonas) . 2 ML AT W J& ( Bacillus) . RAT 1 &
(Agrobacterium) 3523 [ & J& ( Eriwinia ) | B AT 7 &
( Flavobacterium) L35 R )& ( Pasteuria) VbFH
)8 (Serratia) JHHT#i )& ( Enterobacter) &' %f
SRR AT B RS PU/E A bk MS82 2 M L
T B AR, B I R MS82 o XAt B 4 14 22

S T AR M/ ARPR Ay B ] 1 MRSk
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L0909 5 pictaniphila ATCC 7006897 (AJO11504.1)
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P. lurida DSM 158357 (AJ581999.1)
P. poae DSM 149367 (AJ492829.1)
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P. stutzeri ICMP 125617 (AJ308315.1)

0.022
0.018

P. oryzihabitans IAM 1568" (AM262973.1)
P. aeruginosa DSM 500717 (HE978271.1)

0.015 [P. multiresinivorans ATCC 700690" (X96787.1)
P. nitroreducens DSM 14399 (AM088474.1)

0.01

Escherichia coli ATCC 25922 (X80724.1)

2 MS82 E#k 16S rDNA EF 5 R4t i
Fig.2 Phylogenetic tree of MS82 based on the 16S rDNA gene sequences

A

A MS82 FEREXT £ (0 AR TR 22 M A P, B . 58 28 T AR MS82MT31
Xof £k 68 ARG TR 22 IR A T
B3 ik MS82 R HRIE#k MSS2MT31 MR EARERLE
KHY I
Fig. 3 The inhibitions of strain MS82 and the mutant
MS82MT31 against mycelia growth of 7. viride
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RZOETIRE, He sk T o X0 R R
BT — Pk ) R SR A I R DGR
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W o Pt st Rye & ot 45 L &



Ty WRAE . T AR B9 2 B A0 T R B DG TR ) RE S 533

rpoD) H1 rpoS H& X RE I 42 5 1 15 HL I 181 W53 WR- 1R TR
(PCA, WYL A 22 ) MR 2 4 1 2% (P, R BT
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B rpoB FERJE ] T GBI R MS82 HTE
BRTE PR T 5 B, AT RESE T rpoB 5 [H A BB 5
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