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Selection of a Bacillus subtilis strain alleviating Cd’* stress in host plants
and the mechanism

YANG Wei', YAN Hai-xia®, WANG Jia-lu', JI Li-lian', WANG Xin-feng'
(1. School of Life Sciences, Huaiyin Normal University/ Jiangsu Key Laboratory for Eco-agricultural Biotechnology around Hongze Lake, Huaian 223300,
China; 2. Huaian Agro-tech Extension and Service Center, Huaian 223300, China)

Abstract: Experiments on in viiro Cd tolerance were conducted on 183 bacteria strains, five of which were selected
for their strong performance. Strain 1JN2 outplayed other four strains in improving host plants Cd-tolerance. Compared to
blank control ( bacterium free and Cd free), pot-cultured cucumber and pepper treated with strain 1JN2 under Cd stress
showed greater chlorophyll contents by 10. 85% and 20. 14% , and stronger root vigor by 363.32% and 525.51% . The Cd
concentrations in 1JN2-treated cucumber and pepper were decreased by 23. 34% and 40. 39% . Morphological and molecu-
lar identification revealed that 1JN2 was a strain of Bacillus subtilis. Scanning electron microscopy showed that strain 1JN2
started to heal itself 24 h post Cd stress and solidify extracellular polysaccharide 48 h post Cd stress.

Key words: plant endophytic bacterium; Cd stress; Bacillus subtilis
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1.1 BEEETERKMREERN

ARSI 2 PR AR B IR T T 183 BRAATA,
PGS B TR AP B 5 A LR B2 15 me/ LB IR
BRI LB B3P ,28 °C, 180 r/min¥EPREE IR 24 h,
X BRI PR AR W . A3 M MBS 3R 5 i B R0 T
WL 2.0 ml IRAE 600 nm A6 H % G , 40 hir
BRRAE RSN, HEC1.0 ml BEFRMEO IR B
W, 7E IR A 9.0 ml BTk, R R
50. 0 ml Z/NVEEARHT, TN AR AR 1.0 ml, 80 °C /KA,
KRZE 1.0 ml £ FIMAMRIEER 1.0 ml, =52
0.5 ml, WWAGUREIKIBZAKZE 1.0 ml, B3, A
4.0 ml 281K, A5 R R & 9% 1%
(1CP) I 5 b i B 1R B
1.2 EHEH TR ERAEETEN

RIS AT 2 #HEUK, BT 2 324300 Sk 2 I A
B 1 S R AR B AR A R
Kih 3 ~4 R EMERRIEE 5T, B8 1k,
FERE 10 em, 142 12 em, B 42657400 ~ 500 ¢,
T E A E R 30 °C, ERRETE] 16 h, SEWE A [H] 8
h,

R PRI 2 AR A% 1 I T 4 0 1 A S 5 A,
BRI R U R R R A S Y 5 BRI R T 2
ek iR =R, HA R EAIE 4 B, g5 58
H2-1L H2-22K H3-11L F1 L52L; N AT 1 bk, 95
H1IN2, RRAEIR E RS i 5 SR ATy
KANF FFR BT 1x10° CFU/ml 1) 1 2 W 0 AR Ak
PR AEE 20 ml, BE3R 7 d 5 H 30 me/ LA PR AT AR AL
P REGE 20 ml, k2 NXEIR X IE 1 R BRI,
A7 d J5 HH 30 me/ LERRRARTEAR AL, 54 20 ml;
X R 2 RAEFP bR, IER R SR, BAER 3K, B
HE 24 BRAERE,

1.3 EFREIBIEFRAE T

TR ARG S 21 d J3 TG I 5 b BEZF AR A | i
Jiit MR A R RIE ) DL R A R
K5 122 B (R A B s i e Sy

FEAS AL PR B AL UM AR 3 bR, MERR AR 1 ¢
22,600 C KL 4 h( T KAL) | 1% ERVENL K 57,
FEFRKERZRS ml, T &5 35 20 2 4
B,
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SR FEVR i 280 35 DR A 00 6 (9% A B R Rl A7)
PEEUR AR FE R 41 DNA | AR BRI R 240 DNA Ay 5
M, R 16S 385 919 15 H 16S 1DNA F B4R
A A RS F Y, 45 S $E 58 NCBI %4 2 i
TFEEXT . BS54 e A B RRIE S X b 55
1.5 MHRERESR T 25

VERRR = 00 v i B A S AR A 2% S 1 R
O 0 T PR EEA T I AR AL A ST . IR 1x 107
CFU/ml B3 T PR R IR 1% R s 3 A 3
o/ LERER A LB 5553 ,28 °C (180 r/min$% PR
F%, 57 BI0E 12 h 24 h 36 h 148 h WHGE IR, 20
WA A BB Al KRS F 2. 5% [ [ 22 i@ it
FIHE B BB A R DO BER LA S P I AS . AN
RS T I AL B A Ry %o R

2 BRI

2.1 BEEGTEKREE LR
183 PR H 58 MRAE A 15 mg/L Cd* Y LB

R g2 537 24 h 5 0D KT 0.5, A LEANRER
BITAEAER N 00T AR KR BB IE A K, Hop
22 HRIAMRRE R RIS D CAP R TR R R T 10% , F
B f ik 51% , I d 5 Bk 8 Ak (H2-1L, H2-
22K H3-11L,1JN2 \L5-2L) #E47 2438 56 07 H by
Bl af APyt 22 50 aa i fig
2.2 MHEFEHKBIEREIEN

ST 1A EE (3R 1) | T4 B vk A BR AL RE A8 75
FRPE T RN E TR AR BT e A
DL AR 205 A7, o AR 1IN2 A LS 21 3R He
B R IR AT AR B T o | AR R B DL MR R T
713 WiAEAR, BBk 1IN2 Ab B2 5 25 FRAIC 3 JTURE Bk
I ARG L

Sk TR L RN T DA o P B 7 A A 2 i
JREEE T, FRATTASI T 4R W38 5 T AF EAEY T
TR RO R AL, WnEE 1 TR, 7R
BD TR AR R TR OU T (MR 1) |1 g BORZEAH L
TR B U EESA N 0. 1 me/L, 5 BETH 5% T MR 3 Fh 14
AEtE—E R L/ DR X F 2R R PR B R R
W, ARG I B2 M 13.53% 3] 23.43%

F1 TRERGENERERKEREENERZHZIE
Table 1 Growth and Cd accumulation in cucumber inoculated with Cd-tolerant bacterial strains

fb g MK i 5 LRSS e WA S AR H MikkH Cd>* He

(em) (g) (mg/L) [mg/(g-h)] (5/m) (mg/L)

Rk H2-1L 14.17+1.26a 4.54+0.44a 20.41+1.36d 2.64+0.48b 1.60+0.02a 0.082+0.002bc
iR H2-22K 13.83+4.37a 4.83+1.38a 22.49+0.23b 0.67+0. 14d 1.36+0.03abc 0.085+0.004b
ik H3-11L 16.17+1.04a 4.58+1.17a 22.00+0. 13be 1.41+0.01¢ 1.30+0. 09abe 0.084+0.005b¢
FERE 1IN2 16.50+0.87a 5.26+0.32a 23.75+0.27a 3.54+0. 14a 1.11+0.11¢ 0.077+0.003¢
Witk 1521 14.00+1.73a 6.24x1.02a 23.60+0. 14a 3.5220.12a 1.23+0.45hbc 0.087+0.002b
CK1 13.67+0.76a 4.42+1.05a 21.42+0.35¢ 0.77+0.03d 1.47+0.08ab 0.101+0. 006a
CK2 15.33+0.76a 5.31%1.54a 24.42+0. 14a 3.51+0.56a 1.13+0.04be 0.004+0.004d

CK1 AT, BRRR R T I7 ; CK2 AR IR, IE W SR, RSB R A R/NG P R30R 22 575K 0. 05 B35 /KF(P<0.05)

5 xR 1 M EL, B RR 1IN2 1521 A1 H2-22K
ARSI T BABAE R AR B e R S
DI TR Z G T, 0 2 TR R LIN2 Ah B SBMUAE B
ARG | T o | 2R 38 o 5 OE R SR X R 2
FH TR AR R T T 04 1 AR ) G X R
2, BFE H3-11L 1JN2 FI L5-2L 40 B 5 % B 1 AH
LY RENS B S BRI 25 A A A AR X R
FEHL TE 4 a8 450 T 1 A B AR B 1
F ., M T8RN, 5 WRIR 48 B R R A AR ik

W A 5 P A5 S B B A A AT 2 A 29. 64 % ]
40.39% (£2),

ZEA 2 MR = AR A5 R R RE 1IN2 7E
FRRNAE A5 T X T A B A B 25 A DR RN B
E
2.3 THREKERE

PARR TIN2 S 2% QLo i b FH A il 2 TR 22
516S rDNA J7 31 Ho Xt %5 5 kA 5 28 40T B ( Bacil-

lus subtilis)
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Table 2 Growth and Cd accumulation in pepper inoculated with Cd-tolerant bacterial strains

hE I fif J bk MERR A LRESTY] XS HL G Cd> ez
(em) () (mg/L) [mg/(g-h)] (8/m) (mg/L)

Hitk H2-1L 13.5744.75a 2.420.67a 21.230.64a 0.860.04b 12.88+0.77a 0.072:0.004h
Btk H2-22K  15.4324.85a 2.3720.29a 19.1520.29hc 0.55x0.07d 12.4520.6a 0.0700.004h
bk H3-11IL 12.63+2.10a 2.76+0.30a 18.84+0.35cd 0.51+0.02d 9.56+0.77h 0.071+0.006h
Hbk 1IN2 17.57+3.00a 2.98+0.08a 19.79£0.74b 2.39£0.09a 11.38=0. 56ah 0.0610.002c
Witk 1521 14.03£2.40a 2.5420.92a 18.29:0.27d 0.60=0.03d 11.58+0.97ah 0.069:£0.005h
CK1 13.70+2.39a 2.26+0.99a 16.47+0.22¢ 0.38+0.03¢ 13.07+2.94a 0.1020.004a
CK2 18.13£1.17a 3.260.76a 20.81+0.19a 0.750.05¢ 11.95+1.51ab 0.003:0.002d
CKL: AR BRI, B MR A W 9% 5 CK2 - ANFEFIATRR , IR IR . [RINECFR AN RN SRR R 22 591K 0. 05 1 5 7KF-(P<0.05) ¢
2.4 THSREMRAIEMEBENE Ji, 248 h, WA C 2R B AR (B 1A ~

MRAEH SR, S AL FEd 3R ih 1D) o URHH I Bk O 35 N 4 S T I AE T, O FLBE
IMASER T Z )5, WAk 1IN2 RIS R RE R0, AT IE W AR AR, 26 48 h iy, AL BRAH A b =
HYEBG A2 MR B L . WM FABATE 12 h BRI KBRS Bk, vl i SR IT 4R [ 4L
IR A S BB, AN EE NI, (HORIXR B BT 2R (K 1E) |
ZN 24 h T A — B B 2%, B ROT iR A R

AU 12 b B AR 24 by C AR 36 h; D ABHJS 48 hyE ALFHA8 h AN M, 1 EH AR, 1 0E % B ; I SRMaa B IV . 46
SEE )

1 E#R 1IN EREFREGRHENEMERNES

Fig.1 The morphology of population and single cell of Cd-treated strain 1JN2
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