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YD4-6 F1 NV11-4 FHRINEE £ R 15T KE
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Wi FER KEE TRA SN XT4% FET
CTH AL B R BT T fi5 210014)

B OE: ORKAT AR AT RAR] 2R EA R GREA F AL B YD4-6 72 NV11-4, E
T R B F WA GRS B M Al K BEE M0 T AL, P E R E LR K YD4-6 F2 NVI11-4 4f
KAGEAEAE . KGR EFREA . DRAERADFAOELLZRAAYEARZNITAZE. MEAKY
REAEIUT RlgE e, 12 NV11-4 687 £ 4 F BT M ATt KGR B R 9w B E et e &
Bk Me) 2R A LN, ART 2 NEAWRFFARASGHEEEELA T, £ REH, YDI-6 Fo
NV11-4 H#R¥ T A 235 F K4 PPO. POD. PAL. SOD 7 43%5%, MDA 42/ 5. #HKGL
B AL YD4-6 F= NV11-4 Hk, EAEH 48 h /5, KIS #pBaey Mg m A3 R 5, £+
NV11-4 Bk E MR ILEIFA, YD4-6 12 A 5, 5-5K458 MDA 423 tei k., 41225, 24
B AR 3G TAT HAY HF KA T B B IS 3B fe MDA 4830 hm, 22 16S rRNA X% 5, Mtk Y4-6
R AR FIOATE, NVI1-4 2 AL FI0ATE.
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The Inhibition Activities of Isolates YD4-6, NV11-4 and
Their Induced Activities to Rice Defense Enzyme
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Abstract: YD4-6 and NV11-4 strains were isolated from wheat soil and vegetable soil, both of them
exhibited a better antifungal activities to several plant pathogens. The results exhibited that YD4-6 and
NV11-4 showed antifungal activities to Rhizoctonia solani, Magnaporthe grisease, Sclerotinia scle-
rotiorum and Alternaria brassicae, while NV11-4 also can inhibit the growth of Fusarium moniliforme.
Both of these two isolates exhibited without chitinase activity, NV11-4 with cellulase activities. Based
on these differences to antifungal and cellulase activities of the YD4-6 and NV 11-4, their effects on rice
defense enzyme were observed. The results indicated that YD4-6 and NV11-4 effectively increased rice
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PPO, POD, PAL and SOD activities, also promoted concentration of MDA. When the R. solani used
with isolates YD4-6, NV11-4, respectively, the induced activities of PPO, POD, PAL, SOD and con-
centration of MDA were higher than that of only used R. solani, YD4-6 or NV11-4. Compared with two
antagonistic bacteria induced activities to rice defense enzyme, NV11-4 exhibited more durable than
that of YD4-6, also YD4-6 induced accumulation of MDA, these difference maybe related with charac-
ter of these two isolates. These two isolates were identified in database by using 16S rRNA sequence of
YD4-6 or NV11-4. YD4-6 identified as Bacillus cerecus, and NV11-4 as Bacillus subtilis.

Keywords: YD4-6 and NV11-4, Antifungal activities, Rice, Defense enzyme
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1 MBS FE
1.1 YD4-6 F1NV11-4 3 SFhEYRREEIEEMS
B E

HHTE 53 25 YDA4-6 43 B3 T4 M B IR B 22
A, NVI11-4 7355 H e ot OS] B U A

N5 B YD4-6 I NV11-4 23 51F5 A 200 mL
YPG (%0 5 ¢, BEtEH 5 g, BEEAM 5 o 7
Hr, 7F 28°C FHEW (150 r/min)}% 35 48 h 5, 1534
PO TR CR AR BRI o & i 0, B o o A
fid k7 10" CFU/mL), SR FHAR BRI 52 1 Xt /K R4
i RH-2 (R. solani) . /K FEREIRIH H (M. grisease)
2008-10, 7K F& I W19 B (F. moniliforme) F-1, M2 18
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IR (S, sclerotiorum) NIJ-3 FIFSCEBKRHE N-1
(4. brassicae) AN HITEPER S FTA BRAR Y AR L0 2
A
1.2 YD4-6 1 NV11-4 F#KJL T Bl & M4

UG AR AP A TR 10 uL % B AR L
TR FRFHE[NH,H,PO, 1.0 g, KC1 0.2 g, MgSO,-7H,0
0.2 g, BAKILT i 1% (W/V)E 4 Z 1000 mL, pH 7.0,
Bl 20 g] b, 27°C §53% 2-3 d MEEAH TLiE W,
1.3 YD4-6 #1 NV11-4 E ¥k T4 ZBEE 14N

FIFH RIS L0 G (05 o K 75 25 08 I RS B e 35 57
TE A 4 X IGEAR I S R R R A T 10 g, B
10 g, R ILE4EZE 4 10 g, NaCl 5 g, KH,PO,
1 g, g 18 g, pH 7.0)/9F4k I, 7 37°C fH il 5 5%
2-4d, RIGERFFMAA 2 mL 1 g/L W R 205,
1hJm, FFEYM, A 2 mL 1 mol/L NaCl %, ¥
W lh, KB NaCI¥ W, FiNA 0.5 mL 1 mol/L #h/#2,
WA, BWaeRlEa, AWk AEg R, WAER
TE 1 JE) B 2 s B35 AT ) o L0
1.4 YD4-6 1 NV11-4 HHkXF K FERG I RRIE 14
RA_BEEHEIN

ARG R F AR LI AT, SEIR KRS SRR O &
NI 30, BEFERK H—FOTFE AZ R K REREARAE R
HEAE R o KRS SR e TR AR 2 2 1L 3, B
PR 1 st
1.4.1 EWigIt: (1) MG YD4-6; (2) #FK
FE SR T (RH-2) )i Fl YD4-6, F/R"A YD4-6 +
RH-2; (3) HUMEFH NVI1-4, %54 NVI1-4; (4) 3
Tl KRR SO 7 (RH-2) - NV11-4, EIRHERR
5 NVI11-4 + RH-2; (5) #MKAESO % (RH-2),
K& RN RH-2; (6) WEHETEKIE XTI, K%
R CK,

R ACERSS 9. 24, 48, 72, 96 £l 120 h 43l
HBURE, W /K A8 2 By %46 i (PPO) . i S 1L ) 1l
(POD) . KN 2R fift Z i (PAL) . i A ALYy B AL T
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(SOD)JE AN —EE (MDA) % & .

1.4.2 BEHAYIREL: HUKREM A 2 g A 2 mL
0.05 mol/ L (WM ZE Ml (pH 6.8)Fl/b & A 9efih, 7K
WHEEE, 15000 r/min B5.0 20 min, B35 RI A HL
il T8

143 ZEYELEBPPO)FEMENE: 7£2.95 mL I
A Z &4 50 mmol/L pH 7.8 BEMRZE ik 2.5 mL .
100 mmol/L 4F24 W} 200 uL F1 150 puL HIEEK . I
ANEBR Wi s b, FEZMR FIE 5 min PN Agg
T84 o A Agoo 224K 0.01 S —ANlE M 2 (o7 471
144 TELYE@POD)FE MM E: H ik W
Maehly J7 00 . KW IR AW 100 mmol/L BEfR 2%
M (pH 7.0) 2.91 mL, 20 mmol/L S A 50 uL,
30%it EAL A 20 pL, 7RI TR A 45), 37°C 1Hil
K 3 min, A 20% = LR 20 uL 1k R o
7E 470 nm Tl @ HWOCEE, DL pH 7.0 B2 Mk A
Fas HIEE — PR E A 1 min &4k 1 pmol
AR (e = 26.6 mmol/cm) ¥ fif i, AL FRE
e 3

1.4.5 ZFASEMBEREBEPAL)FEMENE: B 1.0 gt
FF W R, A 5 mL 50 mmol/L §lifR 25 nh
W (pH 8.7, M & 5 mmol/L WARFREN)A 0.1 g B 2 M
M i e Wi Je /b i A R, KRR AR, T
4°C. 9000 r/min B5.0> 20 min, b 7% & BV A kA G -
£ 3.5 mL W A & S R 0.5 mL . 50 mmol/L
MR 2% hik 2 mL. 0.6 mol/L L-2E A& MR | mL, il
WG A o AR S T 30°C /KPR 30 min,
SERPIA 6 mol/L HCL £ 1k B, M5E ODsop fH, LA
OD {7254k 0.01 Jy—A-REE 77 207 (U) 71,

146 BEAYIELEESOD)FEEMNE: RHER
R B AL A LA UM (NBT) G IE JE %E SOD i
o 7E 6 mL pH 7.8 4 50 mmol/L R 2% il s N i
H1EA 13 mmol/L MM A2 R 2.7 mL. 75 umol/L
A NBT 0.1 mL. 0.1 pmol/L fJ EDTA 0.1 mL
2 umol/L YK EEZE 0.1 mL DI 20 pL #iEGW, 78
25°C. 4000 Ix Y& 20 min f5 2 1E )%, 7E 560 nm

T G BE (AN, TS P B SR FH B G AR IR
50% ) il 15t A — 4~ S R e e,

147 AZEBMDA)ZENE: BOHMEH 1.5 mL,
JA 2.5 mL 0.5%#8 /% B L ZFR(TBA, BT 20%
=H ), KB AR 30 min S5 57 BRI A,
4000 r/min Z.0> 20 min, % L3, 2507 450, 532
A1 600 nm FMOEHE(E(A4), 715 MDA &M,

1.5 HEPKkAY 16S rRNA £ F

FKHHY A 16S rRNA #5114, 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 1541R(5"-A
AGGAGGTGATCCAGCC-3") k¥ # H: 16S rRNA,
PCR JZ WK Z K: 10 x Buffer 5 pL, 10 mmol dNTPs
1.0 uL, 5 U/uL Tag DNA R4 0.5 uL, 25 mmol %
fB8E 5.0 pL, 10 umol/L | FHf5I#14 1.0 pL, FHE
DA AR SN AR FRAR /2 2 50 uL.

PCR )W AEF N 94°C 5 min; 94°C 1 min,
56°C 1 min, 72°C 2 min, 30 P™§¥F; 72°C 7 min, H
5 ulL P #7495 1 ul Loading buffer 185, 7£ 1%HY
BN WE BRI (& Goldeiew DNA 4k} 5 uL/100 mL) |-
SRR, TE 5 Viem BUHL KA L HLYK 45 min, 7F UVI &
D W W i i VT L I DR 7/ b W 3 Rl A
PR IR RTINS 301 DNA P SITEEL
W FEREAT e, F MEGA 4.0 version %f YD4-6 Fi
NV11-4 {75 5 [H) g PR R Fp 1T 2 57 50 Hege, 14
HARG LTI,

2 5R5H5W

2.1 YD4-6 FANV11-4 3 5 #iE % R E &I E
M

YD4-6 Al NV11-4 Xt 5 F 5 H o H A AN 1)
HEEHEGR 1) Hrb, Sk ASRRHAT NVI1-4 X H
SR TENA T 22 A KA BRI RS kA&
Hu Y YDA-6 WX =2 TRAZ A T . 7K A SURG I BRI K
FE R D EL AT B O I P e, R K R v o
AN LA B0

FR 1 YD4-6 1 NV11-4 %t 7 Fh % R F B9l F 22 4 €

Table 1

Inhibition effect to growth of five plant pathogens by YD4-6 and NV11-4 strains

7% Bl L 4% Diameter of inhibition to growth of five plant pathogens (mm)

LS - — =
Strains R L KA B e EET
R. solani M. grisease F. moniliforme S. sclerotiorum A. brassicae
YD4-6 24.3 £0.577 26.5 £ 0.500 0 25.8 +0.764 12.2 +0.866
NV11-4 25.5+0.707 22.3+0.929 23.7+1.155 19.3 +£0.577 26.8 £ 0.289
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22 WHREKLT REEMETHE REGEN
M E

IR EE SRR, YD4-6 il NV11-4 BRI A GE S
WPE A LT RS ONV 11-4 B8 77 2F 21 4 5 BT 1E,
YD4-6 WIANRE ™ A5 25 4k B PE (] 1) 33X Ud B X P
PRELA AN RN HLEE
2.3 WHREKRIFSKE 4 FEGEEEEMEF MDA
BENT
2.3.1 YD4-6 #1 NV11-4 H#kiF S 7K #E PPO B E 1%
ke & 2 45K, YD4-6 XK RS PPO g 1k H
HHKAIFW , E/HH T YD4-6 J5 48 h, PPO fiff %
PEIA B0 (H, BEJS IS ML T 2218 T R B R
NV11-4 X} PPO A& M5 /E Al YD4-6 1115 T/
FHAHY, ##—3 YD4-6 . NV 11-4 435 FK FE S0
5 T R TS, WK S PPO BERYE AR K T80

BNyl
Digested area by cellulase (mm?)

M WA E R, B NV11-4 FNZ0kE 5 E
(75 SRR TR, 120 h S5 I A 16 PEAT 4R S Xt BE Ah
B 2450 1, BEAP R RS POD B A 3K
Rk

2.3.2 YD4-6 A NV11-4 E#£iF S K FE POD B & 1%
ke & 3 45 9%, YD4-6 Fll NV11-4 HERAEA R%
PRk AE POD BIGVEXSG R, 7 T YD4-6 Hl
NV11-4 J5 48 h, POD [y P 135 2 =0 76 FuK 5
SUR A [RS8 FH 48 h s, %7K A POD i ) i75 30
PE Bl ] YDA4-6 5% NV11-4 7. 7E 120 h 5, %
il 3% PR 1 LG L B b SO S T Y Ak B R
YD4-6 HiESIEMELL NVI1-4 &—u, B it
FE o FEMH ] 120 h J5 POD il i35 2 xoF B Ak B ) 3 435
DL E, UiHA PR MRS S POD B A 8K B3R 580E .

1200 B
1000 |
800 |
600 |
400

200

1 2 3
¢t (d)

1 NV11-4 EHR 5 41 4 R B R N E
Fig.1 Determination of Nv11-4 cellulase activity
HAINVII-A B9 3 d )5, AR TENE; B: NVI1-4 5535 1-3 d J5, 204 S0 1 BT 8 1 A 3 P 1 i .
Note: A: Determination cellulase activity of NV11-4 cultured three days; B: Digested area by NV11-4 cellulase in different days.

-+-NV11-4 - YD4-6 + RH-2
300 ¢ = NV11-4+RH-2 * RH-2
= -+ YD4-6 - CK
HE 25 |
g
S
@% 200 |
g2
& 150
W °
= 2
R =& 100
<
50
9 24 48 72 96 120
t(h)

2 YD4-6 1 NV11-1 X /K f& Rt i PPO BEEMEHY 200
Fig. 2 Effect of YD4-6 and NV11-4 strains on PPO activi-
ties in rice leave
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ALY (POD)TE M
Activity of POD [OD/(g'min)]

9 24 48 72 96 120
t(h)

3 YD4-6 #1 NV11-1 ¥k POD B EME S I
Fig. 3 Effect of YD4-6 and NV11-4 strains on POD activi-
ties in rice leave
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2.3.3 YD4-6 1 NV11-4 HE#kiF S /K58 PAL BgiE %
Tl 45 R (I 4), YD4-6 FINV11-4 ¥ ] 55K
e PAL BTG PEIG SR . 7E{F ] YD4-6 J5 24 h, PAL
IR BN, BEEIEMA T220% TR, 76 120 h
it PR RO BR A 24 NV 11-4 . YD4-6 . 7K R SR 96 T
NV11-4 5 YD4-6 FI7KFESUA 5 B R0 5, PAL
filg 1% MEAE 48 h iR B (E, FlJS BTG R T R, 45
LW, PAL B2 L RREOR, FraAbPETE 120 h J5
PAL i3 b e BEAH 22 T0 )L, UABA R P55 PAL
Tt 1% )R A3 T A
+NV11-4

1200 :I;(I]\)/éll-lé4+RH-2

-+ YD4-6 + RH-2

* RH-2
& 1000 -+ CK

800
600

400 p

KNARRAIEPAL)E
Activity of PAL [OD/(g'h)]

200 !
9 24 48 72 96 120

t(h)
4 YD4-6 1 NV11-1 3f 7k PAL Eg#Y & 4510
Fig. 4 Effect of YD4-6 and NV11-4 strains on PAL activi-
ties in rice leave
2.3.4 YD4-6 A NV11-4 HH#£1E S 7K FE SOD BgIE 14
Tk WK 5 PR, 25958, YD4-6 1 NV11-4
Al A 05 S KRS SOD il G M4 i £ YD4-6
J& 72 h, SOD B MR FIE(E; I NV11-4 J5,
AL T8 ETE, AE 72 h APk, B E
YD4-6 — %, TEFUK RSO s 1 R I 4R S, X%
iy 2 175 A LL A3 B i YD4-6 Fil NV11-4
o AU 2 A ERMRAE RS, 7€ 120 h, BEETETISR N
XFHRAY 1.5 A5 DA B o BT 2 A4S TR AR AT DUA R0 75 F K
5 SOD Jigd e, HEA —& iR,
2.3.5 YD4-6 FANV11-4 BHIFSKE MDA R E
ke L5 R WA(E 6), YD4-6 FINV11-4 1] i S /K F
MDA & H3N., M T YD4-6 J5 24 h, MDA %
B E BT, fEMHT NVI-4 5, MDA & %18
B, 96 h iR F AR S0, T TR R SURY G TR [R] A 42
FiE, MDA 9 & &35 LB il ] 2 ARG . 78
120 h, A 2 DS /KRG MDA & &3 Hxt
ML, 20X Y 3 A5 0L . UiHIAIH] YD4-6
FINV11-4 74805 5 KRS MDA &= 3.

300 1 +Nv11-4

= NV11-4 + RH-2
4 YD4-6

- YD4-6 + RH-2
*- RII-2
- CK

250

200

150

100

BEAYIEEE(SOD) I M
Activity of SOD [OD/(g'min)]

50

9 24 48 72 96 120
?(h)

E 5 YD4-6 1 NV11-1 37k 5 SOD B #Y % 14 52
Fig. 5 Effect of YD4-6 and NV11-4 strains on SOD activi-
ties in rice leave

070  +NV11-4 + YD4-6 + RH-2

#+NVI11-4+RH-2 *RH-2
+YD4-6 - CK

0.60

0.50

0.40

MDA BE (umol/g)
Concentration of MDA

9 24 48 72 96 120
t (h)

& 6 YD4-6 1 NV11-1 37k f§ MDA & 2 HI% M
Fig. 6 Effect of YD4-6 and NV11-4 strains on MDA con-
centration in rice leave

2.4 YD4-6 F1 NV11-4 BUEHLEE

AL S 285 NCBI 41 e, 45 555 1
YD4-6 i T4 i ZE AT B, NV 11-4 25 0 25 7T 18,
RN RE LB ILE 7,
3 ik

I FH 27 32 00 B AR 2 ke s il 8, % k4 4 [
A IREE R A= T LK 5 RS
T BP0 TR 5 B A0 TR R A A R R
PEAE IS 25 B0 42 AR T, 4l SRR W I B A Py
PAL. PPO. POD &M AR B A $E i, S F A
KEAMA R, ke ST 48 T A By
TR Actl . Act Fl Actll S4B E C. D, M1
M2 TRAFEROSBHUR R A . AR B R RE
B M AR R S Pt it 45 Rk
B, AN [ B8 iR S A 6 27 BB RO A
AR, AN R VR FEATL LR 40 306 4 1) R R X 27 2 0915

© PEMERMEMFRITEATIEESHEESER http://journals. im. ac. cn

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



1758 wehGEHR 2010, Vol.37, No.12

NV11-4
7

100 Bacillus subtilis (EF423590)

Bacillus subtilis (EU346662)
Bacillus amyloliquefaciens (GQ853414)

95

| —

Bacillus pumilus (FJ030627)

Bacillus megaterium (FJ009397)

Bacillus anthracts (EU982881)

100 l YD4-6
69 Bacillus cereus (EU982899)

0.005

7 k1% 16S rRNA FHIHE M EH YD4-6 71 NV11-4 MR BHAMH RFE L G W
Fig. 7 The phylogenetic tree of strain YD4-6 and NV11-4
Note: Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch point is the percentage
supported by bootstrap. Bar, 0.005 substitutions per nucleotide position.

SO A B E AR . X U B XA [ A= 3
PERT 2550 27 RO IR AL, BRI B IG 0 M 25 £
22 [V 93 R Al 2R 14 S I a3 o) R 5 L 4 T 4
AR FR, KEA B A YR E ) H D2,

(1) B 7E TR 2 A S BURRE I BRRS FKA
i G 2R AT RS, BIER 2 AN ERRA SR TR 2
5, 2B R 2 SBR[ ORI R AR
YER . ARBFFEARBEWR NV11-4 F1 YD4-6 B> bk

ARG IRAE T [F)Ja T 2E AT TR 1 0 5 25 FR AT P
TR 80 2 AT R 108 400 B 00 e S HL 3 0 LT J5 il R 2T
Ar ZBHETERRE 12 5, 45 RFW 2 DERREAT I
RS, Hd YD4-6 JE4r B H M 5 8 AR,
FOX K RSSO /K REAE IS RS AR I .
K BN A AR LA AT B I TR 1, 92 R R X K R
AT B M BN M, AN B AR LT BT
e ZEEEYERIRE 1, NVI11-4 2R H B al8i e iy +

FE, R MR KRS IR B . K AEREIE R A . TSR
BRI . 2 SR B B RN K R v A TR AR LA A

BP0 TG T, ELEAT JLT R AN £ 2 2R B T Y
BEJ1; YD4-6 =B Him MR, 2 A w4
GO AA —EER . PRI RS S KR
bk, 45RFEM, NV11-4 XF KRB A2 05 S0
ﬁhﬁ,ﬁ%*%&m TR R,
YD4-6 Xf/kF§ MDA & & r LA B2,

NV 11-4 F1 2 B X3 Bt R4 B 3 M LA S Rngs /K R Bl
ﬁﬁﬁ‘ﬁ%%§ﬁﬁ%%%%éﬁ%

WFFE L5 SRR, 2 TR AR AT DUA 85075 5 K R Bl
THIBGTE PERG SR, JUHIE 2 AN TR R S E ) B
S, BT AP A O Al ) 3 M TSR, XU B A R &
S s, A FH A 7 A R T R B ) U T KRS ol R ) T
P, DT 8 7K 85 B 080 it 3% 2 Ak 14 s KO o AR F
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