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Abstract. Plant root exudate plays an important role in the process of material exchange between plant
and soil. Moreover, it is a significant factor in ‘ plant-microorganisms’ interactions. The process of
interaction between Bacillus amyloliquefaciens L. — S60 and cucumbers was analyzed. The utilization and
chemotaxis of the main components of cucumber root exudate, organic acids and amino acids, by L —S60
were studied. After establishing the interaction model between the strain and the cucumber seedlings, the
coloning of root surface in hydroponic culture was studied via counting the strain by time. Furthermore,
the genes related to root colonization, swarming motility and biofilm formation on translational level were
analyzed by fluorescent quantitation PCR. The results showed that L. — S60 could utilize the main organic
acids ( citric acid, oxalic acid, succinic acid and malic acid) and amino acids ( glutamic acid,
phenylalanine, cysteine and tryptophan) from cucumber root exudates and provide well utilization of
malic acid and glutamic acid. Also, L —S60 showed the chemotaxis toward these components and could
be strongly attracted to malic acid and glutamic acid. According to the CFUs, which could colonize on
the root surface, and the relative quantitative expression of the related genes on translational level,
L —S60 showed strong colonization capacities on the cucumber root surface and the most amount of
colonization was 1. 02 x 10° CFU/g. In conclusion, L —S60 showed great potential to become a biological
control agent of practical applications in the future.
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Fig.5 Viable count of L —S60 colonizing cucumber root
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levels of L — S60 at different times

2.3.4 A WIHIRE G A O 3 DR e SR OK O 25 S

L—S60 5 JK 4 f A & B AE A W) i 8] )5 69
spo0A _sigH .sinR .epsA .yqxM .sipW } tasA 7 A~ FEH 1
K FESWE 9, BIKKE ,spo0A sigh % sinR
R W R 2k AR i A SR R 45 TR, spo0A |
sigh 3R MBS TR 5 B A& 3, T sinR 35 H
BT PR B FE AL BRI [R] 8 h A5 A7, epsA f 3%
KK R IEABE, T yqaM — sipW — tasA 9\ F
FEIRE B B I Sy TR R S T4 AR AR AR
T P BE 2 TV 1A W) B



552 W TKEE S RUER AT L - S60 5 BN H AR R AT 5 263
4.0 [Jspo0A
AsigH
3.5F N sinR
B epsA
3.0F =
[ sip W
2.5+ H||| CJtasA
=
b 2.0
1.5F
1.0}
0.5
O ZAN A

WA

K9 L—S60 7EA[F] 4k # b} 8] spoOA sigH \sinR .epsA yqxM sipW J tasA JER 5K F
Fig.9 Difference of spo0A, sigH, sinR, epsA, yqgxM, sipW and tasA gene translational levels of L —S60 at different times

3 it

3.1 EHTZENRERS B SHE

— B U, AR R A0 WA TN S B AR B 8 A
WIAT g Mo A (9 T B DR 2K il T AT R RS R 9 41 4%
SEAR 2R AR R B 57 5 B A IR i e B 4 A, R T
SO [ 4153 A Al e 5 Al 4 P P A 0 4 2 LA
ARk S €5 T 8" . RUDRAPPA 21 %
BN R T 5290 DB 12 Y S 0 00 9 3 SR R T LA S AR
R A T Ol 55 2 00T 78 ) 2 4 LING 2817 BF 5% &
I S IR AT A6 IR T LAAIE HE 22 K5 2 2F AT 14 SOR —
21 175 )M PR 9 2 5 . HEINRICH 2" BF 58 T /)
ARy W) Xk LR B A0 T Azospirillium. lipoferum. f)
FAALAE T, DA AR 2 40 WA v 1) 4 S 1R 411 4% S — Fib
ER A B SR a5 B9 & B B 1 No. 5
X RUHR S 4R 2R 20 W6 0 v 1 e A R L 24 R A R L
A IE#ft.

KAMILOVA %" iy 555 % B, 5 NAR 2 3 i 4y
i R I 4 R HLER R BRI B AR
SR PR AR B BT 505X 4 Fb A HLIR X B b
9 A A T 2 Bk 1 ) TS 00 . 5 S SR L 3% 4
A LB X L - S60 4 HA E Ak AR A, HL3 R BRI
AL AR P R0 o T A b o o S SR R 4D A 3 A A AL
12 1 R 8 SR 9 R W, X AT B ol T R
HLER R BE B, 85 35 0 A 2 AR B bk 2E 1, HURE IR
GILHET I

KIMANI 220 55 % B, 5 RAR R 20 i b
ERZI 3 R TR N AR R N A TR K R
MR o I €0 2 R R A ) 7 K 6 8| W 2 R (TAA) B i
P, X TR B 2B K i R B T A T DR A ik
W WFFEIX 4 Pl S R0 T AR I R AR/ . 45 AR B
IR, 4 R LT L - S60 M HAT IE i, B
TR R AL R . T 1 kX T 4 il i 1R ) )
JRVASCR 39 95 A Y S, AR TG T O o T2 v R fH

15k T B ¥, 3k R RE A ol F 3% IR b Ak R vk
BAK B FR R AR LR bR A K, HRE g2 H e T
(13 1

AR B0 25 R R | i VE S ZFEF AT I L — S60 X
JRAR R ST 4 AT ML IR S 4 5 R LA OE fa e 1k
R 91 ELREAE 2 590 A F L rp o0 LR AN 24 JE 1R, 3X
b R PR BB A 7E BN A AR R G AR AL T e
WA o LA AR R A3 W ELR B A3 AR R A Y B
FEJ7 PR BL ] B mT s AR B T A Rrilt— B .
3.2 EMEERYHRATHEBR

AT 55 R K B BN i 1 05 SR ST T A VE R
ZEAUFT I L —S60 5 AR &R AR MR, o sl i
T 35 52T B AR TE B4 1 AR R I B 1
Blo HARTESEREFR 18 h i3k B 1 f Ko 4 ik, (AL B
5 ISF [E) 1 2E K A AR 119 2 7 PR AR K . X AT RE
H1 T 7E AR R A S B W) B, R R AR 0% R IR R 43
W E R R AT BB T E R A R, KRS
FE R OB B R TR B RE VR, S EOR Rk B TR
50045 1 D TR 5 A 2 A0 AR AR R S U T BBOAR B
SETE RO TR Mo TR f S R BT R L
B R 25 AT T 7 /DN 22 AR B 9 el 2 B 5 ) 1) S8
T A

AR 8658 14 96 % B PCR Y7 WF9E 1 5 8
JICELAE BRI AR S B AR G 17 AR EE SRR 225, R
THEHE KX 17 A FH 4R 4 25 DsacB yedH
B yfiQ 3 A~ Jk K 35 55 40 0 76 AR AR 1) 2 18 26 P o 2R A
K, sacB Fik BB ERERG (L) = R B S
2T AR 2 RS R 5 BB A 06 yed H 36 3K 0 58 AR
Zn® " ABC iz i I8 25 11, 15 20 B 16 AR R A0 2% 1 KG B i
FEA S5 ofiQ 35 40 B B0 2 TR I & e
Q@sfp \yezE srfAA J comP 4 A4~ FE R 34 5 3 10 15 HE &
A BT A E  ofp 2635 IR KA R i Ak & 9 ( 2 2L
BRI ) A 2 20010 B R Y2 IR SR M R R
B2 yesE IR W g IR SRR AL 4 4 4 I B
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BEEE 7 5 srfABCD 355 Surfactin (2 1A% 4 %)
G IR stfAA g srfABCD R R O e
FEH ; comP F 35 ComX (& 3 25 1% , M 4% Surfactin
G . @efp swrB J swrA 3 A3 A 3 5 3% i
RS RSB, op RBLEMEA T P
(Elongation factor P) 28I 7K 1, N 4 i BE 42 38 3h FF
W s swrd FswrB 2 35 BE SR8 B 5T 2
{17 19 ( Swarming protein) "7, @ spo0A  sigH .sinR |
epsA yqxM sipW K tasA T 4> 1 5 25 W) 9 1)
I FRAH G, spo0A 235 7= #1842 Jmy I 45 R 1, 12 2R
Wy W BT R F 00 B e B 5 TR B A PR R s sigH 3
ik RNA B4 B M 56 19 8 % 7 o W F ( Sigma
factor H) , 75 27 76 A4z BB BL i 45 spo0A )3 Bl % ¢, (H
AN B e A A T ) RS e, X A ) 4 T v o AR 5
K S A T BB 5 sinR 23 A ) IS
T BHG 4 S 8 3 TR T, 600 3 A 0 A T
epsA — 0 FRIK I ZHEE Y & AR T, 85
IR D675 1 e epsA Ky epsA — O 3 [ #% R Y
KHEFEIN 5 yquM — sipW — tasA BRI\ TR K G MEY
BRI T 2 E A, yoeM BEW & IR E H , sipW
Foak 1 BUE 5 KB, tasA 3235 28 10 4D BETE A B A1 5%
A Hod BERRAE Y Spo0A 2345 R UiF sind JE
R 23k, sind Ky sinR X HL W), sinl 2@ BR sinR X
epsA = O Fll yqxM — sipW — tasA I\ B0 15 11 , 2
17T 1 [ 80 428 A5 W B0 A T T, A, 2 T I M R A
h—F H 35 5 R W RE A A Iy M BER RO SR,
i S A= Wy 5 R A T o

He L —860 5 8R4 AR R AR W ) J5 L, 4
Z& 5 TR R B AH O 1 ik TR SROKF BT B0 B35 1Y
254k DsacB yedH Je yfiQ 3 A~ He R AEA [F] AL 3L
pIE] R Rk B, JC R AE AR 4 h 72 Rk B3
R FTRE R T R LR S BN A B AR R i — B
W E) S R BAR G A A S KRB, QR yek
TEALHL 6 h J5 335 R AL, ofp (srfAA B¢ comP 3 /> J
PRI 7 Ak JHUAN [ B i) bof 28 A 35 3k 9, 0 R AE B
f£0.25~0.5h A4y ,4 DI FRB R E LI, W68
Je H1 TSR TE G R T R AR S B INA)) AR AR A S ) 40
FARAE T, DR R DG B TR %) 2 3K 7K1 78 42 fil 90 301 2%
ERBEN LH, Oefp swrB J swrd 3 S HEE
Ak B [ 1) 3 T 2 3K AT ol R 02 R A O R R
A RE S TR AR S B IN AT AR AR o) S AR R 4y

WG S 200 B AR AR T T RR Y A A
1Z B BE ) BR , H PA ZRGR K- b 5 T B A AL B ]
R 3800, TR R 2 T R BT R AR AR R T AR R
BERE ST B, SE R KK R . @spo0A | sigH
FRBHMIE T ME BRI EHE T sinR 3k I E
BN, 3 A4 R 4 R AR K 1Y A [R]
AT RE A B T X HRZH (O h) R B S AP R 4%
fitk, PRI A LT[R HR 2R L 15 IR A T AR SR O A, R
AR = 96, RT3 3000 4 X B4 1 spo0A 36 35 /K
A 5 T B A Ak T R] ) S, R R 2 A AR AR
RB, TFURTE A P BINE , R R TR K TR M, AL
HEEFE] 8 h &£ 47, sinR 3B T A, epsA — O Iz yqxM —
sipW — tasA X PRI FRIK ) FIH, (B epsAd 193R
IRIRKF E R I AN B L, ] 2 Ak 3 I ) A 3 Y
ULHS epsA — O hHAMEEF AT G825 T A, MR
4 R I He K P 22 7, o 1 B9 ZKSF B I
THMES R RTAERN R, LA THR
PrEFHIIILE

AR 6 SR K K5 BN &)y 1 5 =X ST 1 A v
AT L —S60 53 R R EAERBAY , mOR A A
Ty T WA AR TR PR N N 4 v 2 HAB A A AT
PNIIIE L, HON W 5 F 45 2R EOR B Wl L B 4%
AT T AR ) E FEAT R, B ST B IR I R BR AR R K B
INBEAH) T4 A AR W) A= A 36 gl PR T
Sh LS R AELTR PR S R AR AR A B ) R A
T M e o

4 ZERIE

3 A X R U R 2 AR AT A L — S60 5 B K B4 i
FERWESE B0 8 1 TR Bk BB 0% &8 43 1 F 2 AR & 43 1
Y E A LR (Fy B IR R R % 3 R A1 3 2R
M2 ) M FE R (2 J B RN 2R L F e 2 W (2
W2 ) Lo, H.52 3 5k 26 ng 43 iy e A VR i o 13
RBR A4 R W R IS 00 S 2 fa b et o e
ST R RS NGB AR S G i oy Oy =X
WEFE T B R AE 7K 55 18 I &) 1 AR 28 3% 100 1% 2 4t i Fof
[ A2 4 OC &, JF HadE i 2¢Ot 5 PCR iy 5 X, A
5 IR R BAE G bk SR bR 2 0 &R is 8 Y
B RIE AR G L R % s KOF 22 5 B or i, WAk B A
TE 8 &)y AR 72 32 10 A8 FH (1 Re 7, HL TR AR B K E B
H#H 1.02 x10° CFU/g,
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