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BHATLEET AR R EAALARR LA ARR AR RGP E SR, X REBELR ZE

AR pH e R E pH & B RIR % H 69 47 8 A4t

HGREV M XERAREFIAHFE, & LA KC1,

FRARNEERSRSRATE A ERERTE BRI LB ITRAD AL EZOIPHIER . HRIEE N
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1.2.1 BEXmEduy ki TREUT 4P

A5 A= B 4 A FH 22 A A e Bk o R 0 TR L A O AR B
BE IR TR 26 2l A, 28 B A0 1 2 2 2 900 T 1R 4
Fifr o DA rhr 328 8 1 104 PR TR V% e 42 T8 3R BIR AL
1,37 CHEFR 1~2 d. P4 WB & A R R 3%
500 mL,7r%e % 5 A~ = M (250 mL) K i £ H .
PIBCE % Bt g AT b 0 BRI Vi TR MR B R
o fEEFE PR 37 'CL180 remin R FE 24 h,
1.2.2 m¥A®EFROANE HEEBEW. T
B AAE T MARAE L R R 2 Bk M BA B 75
TEE BRI 5 R L alifh . 28K 2 2
T B 4Ll DA BE B 4l v 1 PR VK B b TR R
BUR RN .37 CHEgR 1~2 d. $eICE =55 &t
[T S A I NG R N 1S S SN E R 27 N
37 C,180 remin' #5555 24 W',

1R TG A B 5 R - 4 A U 0 AN R I8 R
2 2 R Ak 5 A5 3 55 4l v R . o AR R
THW .
1.2.3 miimia ik Wil &5 an s &
[ RN A < (N A - S | i (W (I < I
6 000 remin" B0, FH TG TR 7K 3 Pk 75 55 00 1) T A4
T8 R R 7R I R SO R R AR A5 1 A AN
MR . 4 =M G0 mL)FR2rFImA 9 mL
TCB K RS W 25 IS I B 1 mL il A50 mL
SIS BRI T mL i A A = A
1R - N o T = L B
JE A FE IR % 1. 0 X101 . 1. 0 X 107, 1. 0 X
107 1. 0X 10 P4 B 6 3
1.2.4 4@ 16S rDNA 85 3 38 B 5 7] 47

JE 4 DNA $2 B SK8255 (41 &) ik 7l &

(=

K F B R 7 35 B U AR JE L 41 DNA fE
B 3 51 7 5. AR 4 AH OC L R T
5 27F ( AGTTTGATCMTGGCTCAG) A
1492R (GGTTACCTTGTTACGACTT), # 4
WIS YA IR JOR EE Y 3G R Be R /i i PCR
P . MW AR &R Template (3 [H 44 DNA
20~50 ngepL1)0. 5 L 10 X Buffer(with Mg*")
2.5 uL dNTP (% 2. 5 mmol « L') 1 pL, B§
0.2 uL F(10 pmol+L")0.5 uL R(10 pmol-L")
0.5 pL MM ZE K % 25 ul, PCR 2 M5,
1 Y0 35t Ji W 4 e Fl ik ARG
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PR BEEW .27 CHE5R 6 d, DU 4 i 5 K [R) 95 Ji B
B 2 ] 4 9 7 P 2 A R R

ME R0 = (LR — W E LR /X
242 X100
1.2.6 2074 %0 0 1A 3% 90 08 i Ao AR F i 3T 9% R
AAAKN YA fEPDAKHEETEALTH
2R 5 mm B I B W OF BRI OF 3 em &b, 2 A
AN v A 88 200 AT A4 Y I AT 5% % D R AR R
WG R 27 CIIE R RE3% 5~6 d, I & H A
LR
.27 RRABEABYMALERTHRAER
A Ko Hoh ECHE G A bk S &
W3 A 2 mL ) EP & rh, 73 5l ¥ T 40,50,60,
70,80,90 F1 100 C ()18 i 7K ¥ By H K W Ab B
30 min,37 CHXHRZH ., 30 min /KI5 BH IF &
FTBEFEHFH. IR (Fusarium spp. ) VEHN
TERHE GG 1 PDA R R i A T EHR
J15 mm A B PE . AR [ R Ak B AN Rk T
W PEAT XTI IR 56, O Tk S B A A 22 ik s
B,
1.2.8 FF pH &M mi Xzt mR AR
A ¥ty Hen EH 1 mole L' W NaOH ¥ Wi Fil
1 mol- L'y H, SO, W #5 . ECHl pH 1IEH 1Y
PDA # 37 3 , H BC il 45 9 NaOH %5 ¥ Fil H, SO,
WAy 9E pH & 4.5.6.7.8.9 F1 10, K., LU
WA (Fusarium spp. ) VENFE L WG 1L 5
5 mmITFLARFT B T W VF 23 B A A AR
M pH Z /41 PDA 8555 58 82 A 411 &k e 2E 17
SHIEFR . 5~6 d 5 e e R,
1.2.9 2XR pH AR E@H LBkE LAt R
R A AP KGR I AN R B e R
7450 mL B = &S 10 mL, fif R EC I 4F
# NaOH ¥ % A1 H, SO, % WOk & i iy pH 43
WIJEE 4.5.6.7.8.9 A1 10, ZbFH 30 min, LIHEH
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W (Fusarium spp. )YE N8R A - 145 5 mm
FTALARAT B A7 T 08 0F , B B2 Bl & 3 A PDA K; 5%
B (pH AR AR pH Ak 2 i) 40 18 & 5 ot
FERTIE 8286, 5~6 d J5 I M &,

1.2.10 #¥EH4  FIH SPSS 22. 0 i F xR 56
B AT K R T 22 4 b, 0 R B3 2R A
(LSD) ¥E 6 50 22 5 o 5 1

2 #R55W

2.1 KC-1 B 16S rDNA F 5| 547

FI G P9 35 9 16S rDNA JF 51 K/
2541 469 bp(E 1),

M 2w A R T 48 )F 51 7E NCBI &
Blastn 25 Lo X, He 55 4l B0 28 76 4T BAH 8L e v
TE R B W I A5 0T 51 55 Rk B 2E AT R O — K
] P R 38 99. 59 06, B8 g Al L ZE FLFT 1 L A 44
 KC-1, 4 NCBI #& %8 77 4. J7 5] & 3 5
i MK910865,

2.2 KC1HEABRSLMFEEREERFESF

K B 22 A KR, e KC-1 B 4 4t
5 ol Jirl L TG ORE P A A TR 2% KC- 187 X 58 4k 1

95 6 S 08 22 190 7 LA 90 B 0 1
FHCEE 3) 4l sk S 01 8 (L 4, 359 i 30
64. 24 % , X K 4 8k J] B (Fusarium graminea-
rum) . # W ( Fusarium spp.). E K & 1%
fil (Maize B Alternaria tenuis Nees ), Fg %4

Tl (Piricularia oryzae) MY T8 7] W (Fusarium
oxysporum) WA F 53 5 R 60. 90 % .74, 39%
64.10% .65.63% F1 61.18% ,
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o
la=]
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1 KC-1 Bk s R
Fig.1 The electrophoresis results of KC-1 bacteria

KJ642605.1 Bacillus vallismortis strain BZ1 168S ribosomal RNA gene partial sequence
KU556316.1 Bacillus sp.strain TIM 03 16S ribosomal RNA gene partial sequence

KU556320.1 Bacillus sp.strain TIM 13 168 ribosomal RNA gene partial sequence

KU556326.1 Bacillus sp.strain TIM 96 16S ribosomal RNA gene partial sequence

MF278997.1 Bacillus sp.strain PAH14 168 ribosomal RNA gene partial sequence
MG589513.1 Bacillus sp.strain JK26 168 ribosomal RNA gene partial sequence

MG807415.1 Uncultured Bacterium clone DEF2 168 ribosomal RNA gene partial sequence
MG807417.1 Uncultured Bacterium clone DEF4 168 ribosomal RNA gene partial sequence
MG836692.1 Bacillus amyloliquefaciens strain Fito F321 16S ribosomal RNA gene partial sequence
MH412682.1 Bacillus sp.(in:Bacteria) strain PSUB1 16S ribosomal RNA gene partial sequence
MH628438.1 Bacillus velezensis strain KACC 13105 16S ribosomal RNA gene partial sequence
MK235124.1 Bacillus velezensis strain KACC 15861 168 ribosomal RNA gene partial sequence

7 MG264885.1 Bacillus amyloliquefaciens strain GF-24 168S ribosomal RNA gene partial sequence
51

IN165753.1 Bacillus subtilis strain ZNO871v11 16S ribosomal RNA partial sequence

MKO086133.1 Bacillus amyloliquefaciens strain XZ34-1 168S ribosomal RNA gene partial sequence

K 2 KC-1fy 16S rRNA &% % &M
Fig. 2 16S rRNA phylogenetic tree of KC-1 bacteria

2.3 KC-1 & 48 B JC T 45 5 5 i 60 BB i Xof 7 TR
EFRERKNEMm

Fi B KC-1 b BB 240 M C 1T 335 97 8 380 01 8 1

WA TR R . sk 1l KC-1 1 /)

TR 57 D8 TR00T o Dt TR T 0 ) A P 5 KC-1 7 48

BB R S 4T3 % B AT 40 BT A T o L 55 T T A0 68T R A

Fb TG B S 22 S . A RRI A P R R A B B EE A 1S
T U 553
2.4 FAEABELEMNKCl HEBERS LMHE
FEE &S5
S Al 1, KC-1 B & B 28 40.50 F160 C
b BRI AR TS ST 37 CE R A

23



HI R

Z Ak oz Rk 2 #H F 34

70 F1 80 CAbHRL TR AR W KT R X e AR T A 10
HlHRAR T 60% 52 90 C IR AL TR, 30 B R B F
R X A8 70 T 19 410 T 3R AR T 50265 46100 C b3,
R TV 9 I B T LT T B R
2.5 HEAEpHEBGHTKC1IBEABRSRHFE
B E I B 55
H & 6 AT, B R Ak pH Oy 4 B, KC-1 B #l
FER T B R AR K s pH SR 7 I I SR B B X
SR MR Ry 60, 12% s pH & T 7 8K T
7 A EE RO B R R pH Ry 4 1 KC-1 L
FIEE PR s pH S 10 B KC-1 3 A 3G M4 pH
9 B 3B T R T PR AR AR

B

a N V) BN

a:*ﬁ%ﬂ%;b:%?@%w:iﬂﬁ%%@;d:ﬁifp%?@;6:95?@%73%1

80 74.39 Be
70 | 60.90 Aa
60
50
40
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20
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0

64.10 Aab 65-63 Ab 61.18 Aa

44| Fnhibition rate/%

REGRIIE TAE FOREEE A RAMRTE
¥ S B A1 25 Kinds of pathogenic fungi

AR KNG FEEFR R EF ik 8% (P<0. 05) di il i 3 (P<
0.0 R,
The different capital and lower case letters indicate signifi-
cant difference ( P << 0. 05) or extremely significant
difference( P<C0. 01) (the same below).

B3 KC-1 B kB 5 g J5 L 9 10 1 %

Fig. 3 The inhibition rate of KC-1 bacteria fermentation

broth to five kinds of pathogenic fungi

a: Fusarium graminearum ; b: Fusarium spp. ;c:Maize Alternaria tenuis Nees;d: Piricularia oryzae ;e: Fusarium oxysporum
Bl 4 KC-1 B & WO 5 i J5 2L 3 40 i 7 FH 0 TR

Fig. 4 The diagrams of the inhibition rate of KC-1 bacteria fermentation broth to five kinds of pathogenic fungi

F1 AREREMSE KC1 HAMBEEN 5 fKEEEMNH =R

Table 1 The inhibition ratio of different concentration gradient of KC-1 bacteria cell fragmentation
broth to five kinds of pathogenic fungi
ik # Inhibition rate/ %
e BE B B2 — - -
Concentration AT ) T - EOREES 1 LiEp k) XL WAL
. Fusarium Maize Alternaria Piricularia Fusarium
gradient ) Fusarium spp. .
graminearum tenuis Nees oryzae oxysporum
J5 64.88 Aa 65.24 Aa 58. 22 Ba 58. 55 Ba 59.59 Ba
10 % 62.50 Aab 59.45 ABb 57.89 ABa 59.87 ABa 55. 81 Bab
102 f% 59. 82 Abe 56.71 Abc 55.59 Aa 54.93 Aa 57.56 Aa
10° 4% 58. 63 Abc 57.32 Abe 44,74 Db 54.61 ABa 51.74 BCb
10445 55.95 Ac 54,27 ABc 43.42 Cb 55.92 Aa 51.16 ABb
g8 2.6 AR pHAEEWKCI HEXBRSRKE
- C C C Bb
£ o i B A I 55
%f 40 H 7 AR KRR 2 AN [R) pH AL RS L 0
£ 2 AW B (P=0.05) , BB pH % 4 1,4
E e Ay
g 1 A B O o 160 O S 4 A s AL B pH Sy 5 6
e Tomemiael AT R T pH [ R A %555 4b B pH h 7

P05 A3 3 A B KC-1 T I 0T A 98 41 1 4 4 R
Fig. 5 The inhibition rate of different temperature treatments

of KC-1 bacteria fermentation broth to Fusarium spp.
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3 B — B AT 1 8 Ao B AE R HPRY
P o A e A S R 2 70 L ke
3wl Com e dtL R AL S0 4 ) B 222 KB A
£ sof W R 2 L. KC-1 R XS e 5
2ol B P33 2 60 %6 B L ok B9 4 0
E o G L 3K 74, 39% L KC-1 T Ml e 1
s o . PR AFRCA 101000 £75 B (74 L7 5 0 103 . 22

s e T s LR AE A 0 34 T LA 01 A A

BI6 KC-L AR IR pH 2 Pt Bl i 0 %
Fig. 6 The inhibition rate of different pH conditions of

KC-1 bacteria to Fusarium spp.

80 Cd Cd
Be Be

Y Ab  Aa
3 E50
E 40
=3 30
% 20
= 10
-0

4 5 6 7 8 9 10

pH

P KC-L 0 K B 2 R ) pEL b 0 Xt 0404
Fig. 7 The inhibition rate of different pH treatments of
KC-1 bacteria fermentation broth to pathogenic fungi
3 e

AFF 5 5 B o Ak B 2 AT B 0 R A% ik T T 7 A
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1 /INZZ 25 5 T8 975 DA 46 22 PR 0 s D o LA A P A
FH o RZE009 45 Bt 40 v /2% G s 18 1 A bk L 0
Ve, BB RO A VE B ) g b i e AT B, SR
Yo AN IR Y AR B 0 27 B L O S ARG IR 3
i 6 15 31 DL 3 30y 27 J AT & JS25R AT ST, A B
H R WO R A i ) TR JO7 A AR A 0 10 i AE H .
WA R AT AR AR A HE 4y B B G B AN
STO-12, 38 3 - B % IR 2 T 22 A4 Kol Rk, &
IR TR PR PR B G T AT B 5 DR RO R AR R T
R 2 S o TR A% B T8 62 s TR 350 B A AR e 14 0 T TR
PE. W IEHE A0 3 A A R 2E L FT BB X L AR
L5 D AT PO TR 22 0 o K B L TR 22 8 25 R e i
DA K 3 A A0 4 i ek B, e BT 6 Fl i iR
B MW 2IEE W 2 E K R i &
#A PR W BB SR s I /E A . Chenniappan 207
ST 53 B 157 RRARIEE B X 7 FPoAR Y83 TR 1) 45 Pi fig
T G5 16 BRALIE B XT 7 PR JR TR X 3R B
— B FE B P s K28 PGPR, JU H & 4 4 i
MR MML2424 FlAG FEAF B MML2490, B A R
U AR T S, AT T AR WA AR R 22 AR R
IR . A I A, FZE AT I KC-1 e i i
35 3551 B i g 45 B L AF 5T A B0 L I R B L A

IR F5E & B0 KC-1 B8 Y TG 11 4% 77 8 W T T 40 1A g
J7 5 UE W BA B T A RN A0 B R R ) R EL A I B AR
FHAG 4 KC-1 B 310 5 9 5 (4 F 5% g DA T AR .

AR I B A5 X A R ZE AT B MG-4 1 43 1
I 5% % B0 MG-4 43 30 1 300 B 40 ot 7 v vk iR
AR XTI BURE . #E pH2~7 1 CFSCR BT
B W O A X G MR 98, 8% ~ 100. 0%, M
pH8~12, A% G Pl 98. S M E & = 2. 1%,
AW 5T % PRARS B5 2E FAT 3 KC-1 X R 28 4 T 1 45
5 Pl R B R A B A UE R B )T
PE . ST B P R A R R AT i KC-1 R BRI
T KB A B AR 8 1A B AT P B e T
X R U . TEFREE pH 5 B 10 B KC-1 W&
T TR 14V B 5 P AE 50 96 ~ 60 %0 8k 3 L 310 1R RE 1 e
SE o T AE IR R M T, 5 0T BERH L, b R R R
. KC-1 B & I 40 B8 AR ) 155, 53X 55 IR 16 i
AU AT A AR L. SR K BE W AE 100 C Ak
P30 min/5 JLF- 3 2 0 B 68 1 . XF He 22 Wi 6 BF 5
g5 KC-1 1 & A7 09 30 1R ) BT T AN i 44, H
A I 32 TR I B 5 T RE SR B AR A
4R

M ZE AT R AE M W AR R, B
AE0R 1Y) S8 A A A7 BE T BB 8 [R) 5 A B S A 4
Rl (478 3% AR A7 25 1) 3 0 W B T8 90 5 00 okl o D
Az A [ B % % A 0 7 AR R G P R R AR
Aty B 2 LT TR R R 5 Ak 2 2 500 0% 52 it FH RT g b
A 25 TS e P AV E W B s E T B
AR R

AR B 28 3 X KC-1 B B Bk R & T Y900 o A
FHIBIEZE E BT KC-1 B8 /9 410 18 BE 1, 4 4 51 2F £
FFEA B P AR AE BT 5 AR . ELAS IS AR
A pH PN KC-1 B8 & B W40 B8 e ) i 47
I EFE . b DL R KC-1 B8 30 1 6 A 4% 14 a9 4 1k
S KC-1 B R B APt EH A
SR B L S — MR LA T RV T R R 2R
EIRDROE=R U v 5 W o TR = 5 -
AT E IR AT .
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Identifiction of Bacillus subtilis and the Inhibitory
Effect on Pathogenic Fungi

WANG Xin-yue' , YANG Si-jia' . WANG Qing' , WEN Xue' , WANG Wen-zhong' , MA Chao',
ZHENG Shu-sheng’ , WANG Yan-jie'

(1. Heilongjiang Provincial Key Laboratory of Environmental Microbiology and Recycling of Argo-waste in
Cold Region, College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daqing

163319,China; 2. Experimental Equipment Management Center of Heilongjiang Bayi Agricultural University,
Daging 163319, China)

Abstract; In order to determine the bacterial species with the biological control effect and the inhibitory effect on
several kinds of pathogenic fungi,the bacterial strain was identified by the 16SrDNA sequence analysis,and the
fermentation broth.aseptic culture filtrate and cell fragmentation solution was studied by the plate confronta-
tion method. Different temperature treatment, different pH environment and different pH treatment were de-
signed to explore the antibacterial efficacy of the bacteria. The results showed that the tested strains was identi-
fied as Bacillus subtilis ,named KC-1,the KC-1 fermentation broth has a significant inhibitory effect on Fusari-
um graminearum » Fusarium spp. ,» Maize Alternaria tenuis Nees, Piricularia oryzae and Fusarium oxyspo-
rum yand the inhibition ratio of Fusarium spp. was as high as 74. 39 % ; The antibacterial active substances were
not thermolabile, the fermentation broth had no obvious inhibitory effect on pathogenic fungi after the treat-
ment at 100 C for 30 minutes; it still had antibacterial effect after cell being fragmented, the KC-1 bacteria
fragmentation solution still had a stable antibacterial activity after being diluted 10" times and at a pH level of
5-10. The KC-1 bacteria with the high efficiency and the broad-spectrum antibacterial activity has obvious an-
tagonistic effect on pathogenic fungi and considerable applied value.

Keywords: Bacillus subtilis ; confrontation training;antibacterial activity;antimicrobial spectrum



