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Screening and identification of a heavy metal lead-adsorbing
strain with plant growth-promoting activity

ZHANG Wenbo'?, YANG Qiong', LIAO Sentai', XING Dongxu', XIAO Yang',
ZHOU Donglai', LI Qingrong*1
1 Sericulture and Agri-Food Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510610,
Guangdong, China
2 South China Agricultural University, Guangzhou 510640, Guangdong, China
Abstract: [Background] With the industrialization, heavy metals have been under the major
environmental pollutant category. Microbial remediation has become a popular method for heavy metal
removal in recent years. Thus, screening and developing related efficient microbial strains is of
important practical significance. [Objective] To screen the strain with heavy metal-absorbing function
and plant growth-promoting (PGP) activity, so as to provide microbial resources for both bioremediation
and plant growth promotion. [Methods] The selective medium was used to screen the lead-tolerant
strain from sludge. The strain was identified based on morphological observation, physiological and
biochemical determination, and 16S rRNA gene sequence analysis. Through single-factor experiment,
the effects of different culture conditions on the growth of the strain were analyzed. Atomic absorption
spectrometry, colorimetry, and plate confrontation assay were employed to analyze the lead-absorbing
efficiency, inorganic phosphorus-solubilizing ability, secretion of indole-3-acetic acid (IAA), and the
ability of antagonizing Fusarium. [Results] A strain with high lead-adsorbing efficiency (over 90% for
150 mg/L Pb*"), which was identified as Bacillus cereus and named SEM-15, was screened out. It can
solubilize inorganic phosphorus, secrete IAA, and antagonize Fusarium. Moreover, it had strong
adaptability, as it survived at pH 10.0. Therefore, the strain has great potential in removing lead,
promoting plant growth, and preventing diseases. [Conclusion] SEM-15, with lead-adsorbing function

and PGP activity, is of great value in remediation of heavy metal-contaminated soil and plant growth.

Keywords: plant growth promotion; heavy metal lead; identification; microbial remediation
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Adsorption effect of strains on heavy metal lead. A: Adsorption efficiency of different strains on

heavy metal lead in culture medium; B: Adsorption efficiency of the strain SEM-15 (Pb10) cultured at

150 mg/L lead concentration for different times.
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A 40 @ 16S rRNA X K 51 ¥
27F/1492R X} Hi#k SEM-15 i 16S rRNA HL[H i
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2 H#k SEM-15 IS LEE

RN RG KR BWE 3), ZFERS R 2R AT
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Figure 2 Morphological identification of the strain SEM-15. A: Colony morphology; B: Grameen staining;

C: Spore staining.

£1 SEM-154BELLETEER

Table 1 Physiological and biochemical identification results of the strain SEM-15
Az PRAR AR N bR SEM-15 & AR AL OV H8 bR SEM-15 Az A Ak 2 A6 b SEM-15
Physiological and i Physiological and i Physiological and
biochemical reactions . biochemical reactions . biochemical reactions
e n RE - R A LI -
Methyl red Urea Acetylglucosamine

: ' assimilation
Y 7K A + o ARG + S 2R A -
Starch hydrolysis ! a-glucosidase ! Maltose assimilation
A + ki + R A 1L -
Glucose i Proteolytic enzyme i Potassium gluconate

: © assimilation
IBENRETT + D B-2k LG - D FIE R R -
Motility [-galactosidase Sheep wax acid assimilation
T BRER 1A 5 + L AR + DO R MR -
Nitrate reduction Glucose assimilation Adipic acid assimilation
VT + N IEVA(ELAATE S - LSRR AR +
Lysozyme | Arabinose assimilation ! Malic acid assimilation
A5 AR K Al + L H L - R N R A +
Arginine dihydrolase ! Mannose assimilation ! Sodium citrate assimilation
KT R - | EmR - gz mfL -
Phenylalanine deaminase i Mannitol assimilation i Phenylacetic acid

i assimilation

V-P test +

Note: +: Positive; —: Negative.
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100 | Bacillus pumilus NRRL NRS-272 (EU138517)
971" Bacillus pumilus ATCC 7061 (NR043242.1)
Bacillus altitudinis 41KF2b (AJ831842)
Bacillus subtilis subsp. virginiana HUB-1-047 (GQ892930)
100" Bacillus amyloliquefaciens MPA 1034 (NR117946.1)
Bacillus acidicola 105-2 (AF547209)
Bacillus cereus ATCC 14579 (NR074540.1)
SEM-15 (OM535883)
72" Bacillus cereus CZW-9 (MG 866080.1:2-1413)
Sutcliffiella halmapala DSM 8723 (X76447)
Bacillus megaterium (D16273.1)
Bacillus megaterium JIMC4 (MN889241.1)
Priestia megaterium ZS-3 (OM085668.1)
Paenibacillus polymyxa DSMZ36 (X57308)
Pseudomonas fluorescens ATCC 13525 (FJ971870)

98
65

0.050
B3 ET16SrRNAEFEFIMENEKRSEM-15RELERN  KPHES N N HE K GenBank %5175 ;

bootstrap YEE E N 10005 4337 5 FAIRLT %R bootstrap {H; A2 F AR ER 5%0 T 5 3E1k 2 5
Figure 3 Phylogenetic tree of the stain SEM-15 strain based on 16S rRNA gene sequence. In the figure, the
number of in brackets was the GenBank accession number for the strain; the number of bootstrap times was
set to 1000; The number on the branch point represented the bootstrap value; The scale in the lower left
corner represented 5% sequence evolution difference.

2.3 Btk SEM-15 B4 451
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A: pH; B: JJE; C: NaCl ¥R

Figure 4 Growth characteristics of the strain SEM-15. A: pH; B: Temperature; C: NaCl concentration.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3624 A 2 AR Microbiol. China

2.4 HEk SEM-15 AR T H i fe Xt BB B, T Bk SEM-15 (475 i B R 45 BE )

i 2 B BE BT EL O T X R ARG T B BR Pb2 e (B SA). #E—2B M T Bk SEM-15 7k
Pb4, PbS, Pb6, Pb7, Pb8, Pb9 K SEM-15 [ 3-14 d i8] & B2 b n v i i ok i A Ak
VR TCOLBERE S HEAT 00 o SRR, TELL ¥, S5RAH, 1ERIEN 3-14d N, KB+
B PR A% Dy ME — R DR AR DO LW A e I IR B v gt niR MR EETE LR 75 me/L BT 110 mg/L 2
7RG, Pb2, Pb9 K SEM-153X 3 NIEARTE A7 (1K 5B), 1My H.BE I )38 fin w5 M e o 8 52 |
KB4 dMRBER P ITEEBSRERER T FHa,

IRV
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Soluble phosphorus concentration (
-
(=
a

Soluble phosphorus concentration (
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Strain No. <
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L(_‘;:

Relative inhibition efficiency (%)

307
25¢
20 b ; : - : b i . - ; 0
35 6 7 8 9 10 11 12 13 F. proliferatum F. equiseti
t(d)

5 BB, IAA DIRERBRIENES N A AFEERBERES S RE N 25700, A
/NG FERRZ5 % B, C: HPk SEM-15 7EA[R] & FE I (8] b 15 53k vp iy w] v MR R T2 S TAA YR
JERAEAL; D: BBk SEM-15 765 8 JT R0 IR RS 37 5—7 d J5 X 9k 70 T T 22 AR K B RE X ) ROCR

Figure 5 Function analysis of phosphorus solubilization, IAA secretion and antagonistic against Fusarium
of the strains. A: Difference of calcium phosphate solubilization ability of different strains, in which CK was
the control strain of phosphorus solubilizing, and different lowercase letters on the column diagram indicated
significant differences at the level of 0.05; B, C: Changes of soluble phosphorus concentration and TAA
concentration in the culture medium of strain SEM-15 at different fermentation days; D: Relative inhibition

effect of strain SEM-15 on the mycelial growth of Fusarium at the 5th and 7th days after confrontation
culture with Fusarium.
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2.5 THEk SEM-15 5 IAA 7K
ik — A HrE bR SEM-15 J& 75 HA 40 i
W5| Wk 2L BRI BE 7 , 2K A Salkowski 12771 G f A6
AN [F) & T I 1) T G TAA &5 L Rk SEMI-15
TEAN[A) K T I 16 £ TAA 3 546 T DL &) 5C L 45 51
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Xt )2t ik T B RS R Bl 0 A R B B
5d
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JZ i TT
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1EH
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Y BUE R 2. RS 2 R, Hkk
SEM-15 X 25 25 e e AN BUs (it 25), X g Bf

7d

Figure 6 The antagonist effect of strain SEM-15 on Fusarium by confrontation culture.
&2 EH SEM-15 MEAMHRMREER(K-B KA #UE)
Table 2 Drug sensitivity test results for strain SEM-15 (K-B paper diffusion method)

P& Antibiotic

I [l B 4% Diameter of inhibition zone (mm)

HURPE Sensitivity

FHH K Penicillin 0

R AR & Kanamycin 22

S %% Chloramphenicol 1622
HERF# Streptomycin 24
PUFFZE Tetracycline 16—-18
45 % Aureomycin 12-16
iR K KB % Gentamicin sulfate 15

fifh iz Sulphanilamide 0
B Tb AL Enrofloxacin 24-28
2% Benflunicol 24-28

R

™= = n®nunon

¥: DIZ=0 mm N[> R, fit24; 0<DIZ<16 mm WI>H I, HEERUR; DIZ>16 mm Wk S, & MUK
Note: DIZ=0 mm, R, drug resistant; 0<DIZ<16 mm, I, moderately sensitive; DIZ>16 mm, S, highly sensitive.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3626 (YIS Gk

Microbiol. China

. BV AE ., KFeH ., HER. AEREK
FAREE K AN ELARFE 16.00 mm L) [, R B
U X 4 R BRI B IR PR KBS R W 41 B T AL
7E 10.00—16.00 mm 2 [7] , F B Ay A AU (MK
Mt 24) .

3 wiEE#

A G AT e B ) e O R A
3 I PR R ) %o B A S B AT A2 S R
FEPE R R SEM-15, il JE A~ | A AR %
16S rRNA LK JFHN L5 431, %80 HOo R 28
FIAFE . Etk SEM-15 7 1 000 mg/L Y Pb> i
FE NA B IEE ALK, BER SEM-15
XA ARG A 32 P, IFE 150 mg/L Pb™ Hk &
T, BT E A T IR R A E] 90% A |
BRI ENESREEWRCAIRE, W
LR S5 IR AT L BB 398 43 25 (0 IR 2R 4
PR . B BSEIA RAEFAOIN 28508 1R
AP NES )R T 22 P 0 5 B — Bk R A
Tiif 52 PE B e R ZE SRR TR . DX 4 B A T 52
YESRFE , iR JURE O B bk 25 T A 5 i
VEAS RN AR SEM-15, {HJ2 IR I8 iy iR 28
AT B ) Dh e 2 AR IAE B — I & R Btk
HOge L, AW MEME SEM-15 U RERHE
AR B A A 2 A A A K R R B TR A
BT N T o

WFFE R B, 84 AH ) 42 A= R AR AT LA 2o
TAA W77 A | T L R BREUAR 4 L ACC
JIE 2, it R i U0 P S5 2 D e () 42 41 A
Yt E AR NBERE . Blln, EfesrEiikg
T 9 MM EABETA BRI — Rk
REZFAFF I DE-1 HA W IAA e, B2
ANEA G 1B R AR A A A A )
fit; Ortiz-Ojeda %8P Wi ik ) A4 it 40 4 o8 ok L AT
BAFH 530 TAA IRETT , NAAIRIRE 2 5 IAA

AW ERAE 0.4-60.6 mg/L 6], Ma ZUk5 &
I 4 R i A2 R R ZF AR AT TR SC2b Y s R it
ZUSE R 1400 mg/L, 1 H HA f##5(56.6 mg/L).
43U TAA (64.8 mg/L) B Ak T fiE . Yu 2507
MEERAL R A T3 2 2R3 T 100 Z R4
W, XSS R E 4R T 2 AR, HAA
PEAERE T a0 TAA 730 BBk G i A A ek
225, Abdollahi P8 WA T 42 i V5 YL i) - HE b 4y
BRI T 5 MREA BT bUE 4 8 8 R 1Y
PBR, Horp— AR IR ZE AR, AT LA A2
3 500 mg/L FYHT BT ET AT AL SCRTE 60% 2247,
I+ HA (3223 pg/mL), f#H(42.67 ug/mL)
e, AP A E TAA (3.89 pg/mL)

TEABIFEH, Bk SEM-15 HA B
i TCHLIE S A Wb s Wk £ TR S5 DI RE, R, AT
BB R SR A K 7)o s s B b
Fb A0 30 X0 AN [ PR AE AR R 55 Ay o — B U A 5 5
S A W AT S PR R T RN AT, R B bR
SEM-15 s fift JCHLBS 1M 20 % fe =, REE 35 3]
110 mg/L, 7 F 1728 75 2 POV ks 3] 1) e IR 2 A AT
CLYO7 [ AT & i 85.43 mg/L, T
Ma 4B T% Abdollahi 25843 B (1t 1 4 Jm 41 i
AREZFFRT B 7 R TCALBE B RE o Rl RHZ TR Bk o
W TAA By A LLIAE] 41.83 mg/L, & T
Abdollahi 25 B3R5 14 5 #bi T 43 B 4L AR (10 T
PR (3-32 mg/L) K 4 45 % 10 % B 0 A1 FC R
GMZB-12 (36.88 mg/L), B&MLFA=REARE )
T8 1) BT HIS I 22 G 2F AT 1 (Bacillus aryabhattai)
HL379 f%  TIAA J7 1 47.8 mg/L K Ma Z51P%
PR ZE AT SC2b 1 TAA 43 (64.8 mg/L).
SR, AWFFE B #R SEM-15 RGN 21 4% % 14
Jo ACC it 2 il 3 1 , 31X -5 SOk vp 4B AR
[Fi) PR 22 [ AL 0 2 A 1) B R B 4 i P ikt A 4R
K2 SFHIFF

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FOCPAE: IR EA YR R AT A < IR Y R A I S 4 3627

ABFEAF PRI 5347 T ik SEM-15
Xof A I e 7 T A B Bl T R s LA, R B
LR ARXTRTIN A 2 /998 i TR 2 HLA B i s Bt
REJT, JIF HLB 2 X IRp 5 SR 0 R P ZE K, 0 BA
PR VR L H2 A KM R B S B X Re B R 1Y
555 RN A I T TR RS B Sk 0 TR R R X T R
BRI Z 010 39.64%H1 62.5%, F 7K
RN E R T 46.46%F0 69.77% o BEAR 25 F1AT
W EA — & WSO YR R R D RE 78Sk
ol 22 R A 2R 3ok 1 — MR IR 2
FELAT BTN 22 R0 AFL ) 05 D TR 65 45 7K e SRt g S A
P R Ay SN Kb @ P By AR (N
TEARAT (1) — MR A P9 A e R ZF AT 187 X A 46 1Y)
W HA B B BIAROR s A5 b S0 gk 31
7 R L SRR A B E I IROR TR AR, I
R ZE AT T Be6301 B R e it

AT AR SEM-15 A K i S2 06 245
WRW . ZERAGE pH {HN 6.0-9.0, {HREFE
pH 10.0 B FREE H B RRAIRAE K R AT, Sl B K
URLEE Jg 35-45 °C, 7E 55 °CAF A K AN IR 2% 5 7]
PLTE 1%—-4% 1) NaCl ¥ JF FIEW 4K, (H
1% 2%0 K . fEfoE A KA T,
JeHJERIE pH FIRE T, AP IR 5]
SRR WG 25 B A RETIRE, FIE ODgg
(RO 23 A= T R #EI0 R R AT B e X Bk
KHWIJE, Wasghntest, wmvkms by, 5l
REREE, XTI AR A
TE T Az P - 2 ON R B AR RN B IR ZE AT T
HA NS E B, ZBLREN 720 A IR 21
TR A B AR RE 7, SUTT LA D I UK ZE R AT 581 1)
ZUE R,

A ST T Y ™ B B e v A B — RO
AN HE 4 s AT g 2 M R W B e, i HL
W HA B IR TOALEE . 0 TAA 5Bk
TIWEERETI WA, X R A KSR, AR

HAT By 00 B 4 J B T e 18 52 R i A I 114
My, JEHAEE SRS RSB R
(8 P B B BT R, (R T IZ R R
EE GRS RT3 AR K
ROR P b 7 S — L BRI
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