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Biomineralization of Pb by a strain of Achromobacter xylosoxidans and its practical application in bioremedia—
tion

LI Zhe, CHEN Tong-yue, LENG Su, WU Di, ZHANG Xiu-fang, ZHOU Ye, CHE Chi, LI Ming—tang"

(College of Resource and Environmental Science, Key Laboratory of Soil Resource Sustainable Utilization for Jilin Province Commodity Grain
Bases, Jilin Agricultural University, Changchun 130118, China)

Abstract: The biomineralization of Pb by a fermentation broth of bacterial strain Achromobacter xylosoxidans LAX2 growing in a urea—con—

taining medium, and the effect of Pb immobilization effect in soil, were studied. The results showed that the growth of LAX2 was not signifi—
cantly affected when the concentration of Pb in the medium was less than 105 mg+L™". Scanning electron microscopy, X -ray diffraction
analysis, Fourier transform infrared spectroscopy, and energy spectrum analysis showed that the fermentation broth produced by the LAX2
growing in a urea—containing culture system formed a spherical PbCO; crystal, with a maximum diameter of 2 m, by biomineralization. The
Pb* removal rates via biomineralization, bacterial cell adsorption, and chemical precipitation were 86.3%, 91.6%, and 67.4% respectively, in—
dicating that there were different mechanisms in the three processes. Two days after incubation with the LAX2 fermentation broth, the amount

of available Pb in the soil decreased rapidly; but after 5 d, the tendency slowed down. Overall, the amount of available Pb in the soil showed
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a declining trend during 30 d of incubation. The content of available Pb in the soil decreased 56.1%,76.5%, and 86.8% after 5, 10, and 30

d of incubation, respectively. Compared with the control groups, the addition of fermentation broth, sterile fermentation broth, and bacterial

cells to Pb—contaminated soil increased the heights of Chinese cabbage plants by 49.4%, 21.6%, and 9.6%, respectively;the content of

available Pb in the soil decreased by 78.1%, 64.2%, and 52.4%, respectively; and the content of Pb in the Chinese cabbage decreased by

56.5%, 27.4%, and 14.5%, respectively. These results indicate that the strain LAX2 has important value in bioremediation of Pb—contami—

nated soil, due to its ability to form crystalline PbCO; with via biomineralization, leading to Pb immobilization and a reduction of Pb toxicity

to, and accumulation in plants.

Keywords: A chromobacter xylosoxidans strain LAX2; biomineralization; available lead; bioremediation
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Figure 1 Effects of Pb* concentration on the growth of strain LAX2

pme BRI LL AN G EI (B 2b) AT LUE 47
b= A AE C-0 JEF1 6 XRD & (] 2¢)
A B X EE PDF AR R (47-1734) 2 Hor+
A h PbCOs. A b Wy RETE 43 B vl AR 071k
PR Pb.CLO TR (K 2d),
2.3 RERARESS T PH*EIEBRIEA

M 3 /T LA, o A B A TTVEVE L R 8
TR ) A= 0 AR AT P R G748 L %) W0 A PR X 2 4 i 1

a B L= L
900 .
800
700}
600}
&
S 500¢
B 400}
= 400 o2f
300f
022 ,,,
200} ‘ ’
110
100+ | l
oLt
0 10 20 30 40 S50 60 70 80
20/(°)
¢ B4k 4 XRD 4]

FBERA N 67.4% 86.3%F1 91.6%(P<0.05), Rl 1%
FAEVE X Po> g L BRAE 1&g, U AT b1
AR TTTERT PO LBRAE T i s . X UL =k
BRAVE R PT REAFAERLIE 22 52, Forh AR Ak A AR
AT REREAT TR A2 0 2 RV L SUAAAE - 22 B B AL
2N T X AT A A= 0 AR A T HILERRY Py il
BRI R LAX2 Wi A= e E R e AR .
24 KEEikx TG Pb WEEIER

] 4 R EERO 13 ARG Ph I R BR 2
T8 7 — PR R A, B R TR A B 3 S 5
WA SRV ER, WA — AN E N
MR 2 d A R I T bR T Ak [ 25 - 1 A 8K
A P, P F S 100G R (AR 5 d e e
AR Pb RGNS TR WAL A A K
TR AL BRZE S0 RRLHAR L, B3P ERGS Ph i
IR T, 7ERE SR 5.10.30 d B H3EA RS
Pb & 84> BRI 56.1% .76.5%F186.8%
2.5 BBk LAX2 Rl Xt Ph iR TIEEMES

FIFH A R BV TG A1 % P R R D AR 240 B 52 3k
(1) Pb V54 L HEGEA /NI SRS, A RWE 5 fr

100
90

80 B |'T,
. M
60
50

Cc-0

40
30

BEICHI%

20 . . L . L . :
4000 3500 3000 2500 2000 1500 1000 500

W/ em™
b W b= s
201 Pb
15+
5
Uﬂ\ﬂ’ﬂ 10t
]
5L Pb
0 Pb
0 - -
0 5 10 15 20 25 30
fiet/keV
d 7k prReit E

2 Pb AN W= WA AT

Figure 2 Analysis of Pb biomineralization product



2018

KA IMERF 217 eI RO

IR o X REAH L, IR G T i IR AT (AR A 2
L B RN PSRRI T 49.4 % 21.6%
F19.6%(P<0.05). 3PS Ph SR T
78.1% ,64.2%#1 52.4%( P<0.05) , /IN[13€ Al £33 Pb
RO TR T 56.5% .27.4%F1 14.5%(P<0.05) . X
RIS AR R [ RE 1A B, AR 8 AP P 5
FACES P A e RCR i, BERS I /b Ph X
T RE AR AT, L2 /N 1S B A R R T
#5 Pb it

100
- B
80
8 .
¥ 60F
&
f 40+
~
20 f
Py alald R RN
BBERAN R ZH 5

3 EHR LAX2 ZEEB AR A S5 Ph I ERRIER
Figure 3 Removal of Pb* by components of strain LAX2

fermentation broth

90

801£ S — _i i o & 54
70 + .

60 b ™.

50 t .

40 b E'“‘H«
30 b
20 +
10 f
0

A Pb it /mg kg™

90
80 o & i = - 5
70F
60 |

s0F
40F
30}

S S

0

FRES Pb 2 f/mg-kg!

0 5 10 15 20 25 30
IR )/
- CK G R
B 4 Btk LAX2 ZERE X TEA S P HEEIER
Figure 4 Immobilization of available Pb in soil by strain LAX2

fermentation broth

3 itig

A= AT 3 o A A A AR S i S
B4 A BT 25 R B A RS 5 R
Bk, TR B B4 R i e LB E M E . Xl
1658 F AR BA BUAAE JC RIS G A A K A a] 52
BN A I IS, LS YUB TS |
EAATHEA, DFFE R BRI EAE— 25 RBhE
TSR RS R IRAR 25, UEmnE L E e e e
4R B T R RROE MR R L Al AR P i i A=

14r
12F ]
10k —
E sf [ ]
£ o
4+
2+
0 . .
CK KR CHEEARR  FERdiE
AbFR
35

D s
EgE

+ ARG Pb & i /mg kg™
iy

KR KEKERAR SR
4b 3
. 077

g kg
(e}
(@)}
¥

0t &
04r
03r
02r
0.1f

/NS R AR 53 Ph % B /m,

CK K
b
5 REBRARAS I NAELEK TREHSPh SERTIE
RBEXNE P S22

Figure 5 Effects of components of strain LAX2 fermentation broth

TRERR A

on growth of Chinese cabbage, Pb content in edible part of Chinese

cabbage , and available Pb content in soil



B BRUARIE G FRI Ph 9478 A 1S L RCR 2019

W XA RN E R BRIR AR AL T o 1/ HE I S5
FHBRPRER ™ AT 1 A W0 AL AR K - 8 rh ] 52428
) Pb [ 45 A PE R E 9 PhCOs, I AR 1 49 v mT
A0S Ph 1 it fHAE PO A 10.35 mg- L™ %
B AE A S AR 2 2 1 B A o o T i Py e
VR A A= A i 7 o e 43 A T 0 A 0
G B PIPE B T G R A W A IR L
AEEME . ASSCIT RV PR LAX2 JUX) PRI T
BOmMHLE, YW POV EE A F] 105 mg- L
I, BRI BR LAX2 B A R ATh AR 52 21 W S8 A5

AP T B A 0 A A AR A A 8 o
W MG L SRS SR R B IS SN 7 AR AN
PEILGVE , SR 5 A0 did , AT AE K IR R
ANFIVPE B AR 52 3 A WA B e 5 A HE Pl - ) 7K
PR ML 52 P DR AN () i A 0 B [l —
WA M BUAE AR AAAE 22 5, IR AR LAX2 [k
VR AL [ 25 Ph 25— AT B i B — 1Y 3K B PhCOs,
HORAZ AT IR B 2 om0 BCHE S5 2] B R $h 7 16 14T
B Bacillus cereus Pb21 WA w tLAE ¥ Ph [H45°
DUSTRLAR 15 (1) PhCOs, Z2 R AR ; 17 e 5
VEFHRBRBRER AL XS Ph B84y 2 R Fsr s
IREG, BIERR LAX2 %F Pb 8™tk & a] B4 T
HoAb gk , BARR 0 A B AL A 1 T2k — 2B b
Gt PR LAX2 AU A 2H 70k PO 2 BREE SR K
NP S R A 200 J6 8 82 A P > A= P A A > T T
R A UTTEVE T, PR UL A T Pk LAX2 AT 2o
AP A E T E P> X R E A 1 15— B B
VAR R AN AR 2 TCRENE o H N B4 SR IR ™
AR SE E2OEFe Y, SLPR TR,
VI HEUE S i R Eh - Ak TRDOE - S T R 1 5
J& , A RS P E > T 58.8% , AT S HAR L
HA BRI e o L IR ER 1L A fig
fg ok A AR Ve AE 25 d NS L3 oA s
Cd WY& TR 9O1% 24, BB RS BbR L35
o Ph (LEY At R . A SO IR B AR LAX2 X+
e A RS Ph 1Y [ E Ak S B0 MR Y — PR - 224 Y
AR LR 2 d & T B B, TR AR S 1Y I [R]R
PATT A B B AR FRALRE 2 T B PREE , Pt 1-3E hA
RES Pb Fr i T REARNE NS 2 d FRIRHRE T R B 57
5dJ5 P ARES Ph AR TR 56.1%; Z 5 i T E
G R A RS S AR, R RO T 4 e 114 [ o A P gk
AW B, 15 9% 10 d J5 HEEARES Ph 5 TR
T 76.5%; K5 LIPS Ph Y& T B

18, (H 5550 B ELATSFEREAIR , 597 30 d iy 13
AR Ph & RIEKT 86.8% . /AR K
BURER LAX2 K REBON /NS A IR Ph
A 2GS Ph S A DR A2 . 5 AT
W R RIAE S DTBEA LU , A 0 A A P S e A A R 1
HErPARES Ph S, FEMIFEAR Ph B2, fE it/ e
SR AR /N SEXT Ph B LA B 45 RS
Wbk LAX2 7EfE 8145 L3 h A 2075 P, FEAR AR
P T BA BRIV 77

4 it

(1)—#kXT Pb HA Esm b i E AL A WS T AT
I LAX2 AL AR e/ DB BB AR ik 2 pm 1)
PbCO; ffA . A=W A X Ph™ i 2 BRE K
TAEEDTVEVE R BN T TR At L A8 W AR

(2t LAX2 & Beoxti5 Y + 38 h A 50 Pb
(14 i1 A ) 22 3 0y — PR -2 18 — AN B B, 1557 30 d
Ji B3 RGS P B E ] TR 86.8%.

(3) 54k 2A U0 v B A 40 AR R BV L AH L, TR
LAX2 & e vl ot A A E R L Br L2
AT RS Ph, AT 820 Ph /N (132 0 3RV P B =
/NIRRT B A A Rt . I, T bR LAX2 26
b 125 - A A RS Ph O BRI, R T
Pb 15 A IE A

S

[ 3V b, SRR MM SO E S 4 Cu P Zn 975 5 BUK
SHRLI). 4R, 2011, 27(6):261-265.

GAO Lu, SHA Di, ZHANG Xue-ping. Analysis on the current pollution
situation of Cu, Pb and Zn in the cultivated black soil of Songnen Plain
[J]. Chinese Agricultural Science Bulletin,2011,27(6):261-265.

[2] PRI, kAR, RURAR, 45 IIARIEAB S K KR 275 g 1 et 50 it e

[J]. BREERE 5 HAR, 2015, 38(J ] 1):294-298.
XU Wen—-jie, ZHANG Zhen-zhong, ZHAO Quan-lin, et al. Research
progress on physical and chemical remediation of explosives—contami—
nated soil[J]. Environmental Science & Technology, 2015, 38(S1):294—
298.

[3] RER G . AL AV A R E (LB AR S 4 15 G (T, e
Ll FBla, 2016, 44(1):156-158.

CHEN Yin-he. Remediation of heavy metal contaminated soil by com—
bined technology of chemical washing and solidification/stabilization[J].
Journal of Anhui Agricultural Sciences,2016,44(1):156-158.

[4] Gwenzi W, Musarurwa T, Nyamugafata P, et al. Adsorptiom of Zn?* and
Ni?* in a binary aqueous solution by biosorbents derived from sawdust
and water hyacinth ( Eichhornia crassipes )[J]. Water Science & Tech—
nology, 2014, 70(8 ) : 1419-1427.

(5] 2], 20, B IR, 5. R A% Cd V5 YA F ) oK
AR Cd YSZIAL]. ROl BREERL 2240, 2014, 33(11):2104-2110.



2020

KA IMERF 217 eI RO

XIE Yun-he, JI Xiong—hui, HUANG Juan, et al. Effects of red mud and
lime on cadmium uptake of corn in dryland converted from cadmium
polluted paddy field[J]. Journal of A gro—Environment Science, 2014, 33
(11):2104-2110.

[6] Park J H, Bolan N, Megharaj M, et al. Isolation of phosphate solubilizing
bacteria and their potential for lead immobilization in soil[]]. Journal of
Hazardous Materials, 2011, 185 ;829-836.

(7158 %2, RESE, BIRIR, 55 —RREEAEIIURR I PN A6 T A 208 S e

FOEBRRFERFFR(]]. PR R0, 2016, 36(12) :4352-4360.
GUO Ying, QIN Yu-ying, JU Tian—chen, et al. Isolation and characteri—
zation of a strain endophytic bacterium in Myriophyllum spicatum and
its solubilization of phosphate[J]. Acta Scientiae Circumstantiae, 2016,
36(12):4352-4360.

(8] JEIJ L, AR50, Mt i, A5 UM IRRT Cd> 4 4 a2 1 1
B, AP BA i, 2013, 26(6) 1 155-159.

ZHOU Guang-qi, REN Zheng—yu, YANG Hong-ze, et al. Bacterial ad-
sorption of heavy metal ions such as Cd**[J]. Biotechnology Bulletin,
2013,26(6):155-159.

(91 25 3, B 78, 27, 46 ASRVEDRE AT A Wy o sl b Ph™
CA> (I BT £l EERFA2%4R, 2015, 34(5): 1001-1008.

LI Rui-yue, CHEN De, LI Lian—qing, et al. Adsorption of Pb** and Cd**
in aqueous solution by biochars derived from different crop residues[J].
Journal of A gro—Environment Science, 2015, 34(5):1001-1008.

[10] 3 B, AR DA%, BAEAR. R0 T2 SRR 1 ( Bacillus vallismortis )

NashRE W BT 4 s R BF SR D] BRARRL 274, 2016, 36(12)
4367-4375.
DONG Ming, SONG Wei-feng, CHENG Ya-jie. Study on heavy metals
removal by extracellular polymeric substances extracted from aniline
aerofloat—degradating bacterium( Bacillus vallismortis )[J]. Acta Scien—
tiae Circumstantiae, 2016, 36(12):4367-4375.

[11] 42, 266545, ok B8, 25, W& R 1 Pseudodlteromonas sp.

SM9913 4 Z2 BE % Ph> 1 Cu® (¥ 0 Bk REBF 5E []. IR BERL 2,
2009, 30(1):200-205.
ZHOU Wei-zhi, LI Wei-wei, ZHANG Yu-zhong, et al. Biosorption of
Pb* and Cu* by an exopolysaccharide from the deep—sea psychrophilic
bacterium Pseudoalteromonas sp. SM9913|J]. Environmental Science,
2009, 30(1):200-205.

[12] Macaskie L E, Dean A C R, Cheethan A K, et al. Cadmium accumula—
tion by a Citrobacter sp. :The chemical nature of the accumulated met—
al precipitate and its location on the bacterial cells[J]. Journal of Med—
ical Microbiology, 1987, 133(3):539-544.

[13] Sondi I, Matidjevic E. Homogeneous precipitation by enzyme —cat—
alyzed reactions—strontium and barium carbonates[J]. Chemistry of
Materials, 2003, 15(6) : 1322-1326.

[14] 2%, 8EFRF, = &, % WY LELS LD E SRR
[J]. et kL, 2007, 38(9): 1523-1527.

WANG Rui—xing, QIAN Chun-xiang, WU Miao, et al. Study on heavy
metals in microbial mineralization consolidation soil[]J]. Functional Ma—
terials, 2007, 38(9):1523-1527.

[15] Podda F, Zuddas P, Minacci A, et al. Heavy metal coprecipitation with
hydrozincite[Zns(CO;),(OH )g] from mine waters caused by photosyn—
thetic microorganisms[J]. Applied and Environmental Microbiology,
2000, 66(11):5092-5098.

[16] i 5%, BB, EH%, 5. RIS L RIRR A [H25 1% CA Ry

PSS R[] Tk BRER 741, 2008, 36(S1):215-221.

CHENG Liang, QIAN Chun—xiang, WANG Rui-xing, et al. Bioremedi—
ation process of Cd** removal from soil by bacteria A biomineralization
[J]. Journal of the Chinese Ceramic Society, 2008, 36(S1):215-221.

[17] 835, Vraehk, $AZROH, 45, — Rk P 4505 Ytk = b Cu iy iF
RN FER 2 4R, 2011, 34(12H) :33-36.

QIAN Chun-xiang, XU Yan-bo, HU Li-ming, et al. Study on Cu** in
contaminated system mineralized by bacteria|]]. Environmental Science
& Technology, 2011, 34(12H) : 33-36.

[18] Bains A, Dhami N K, Mukherjee A, et al. Influence of exopolymeric
materials on bacterially induced mineralization of carbonates[J]. App!
Biochem Biotechnol, 2015, 175:3531-3541.

(191 B IESC, BB, VPG, 55, ARG P20 N e WAL i 45 Zn*

(1 L B WLERLT. AR R R 2 R (A SRR AR ), 2013, 43(2) 365~
370.
LU Zhao-wen, QIAN Chun -xiang, XU Yan-bo, et al. Function and
mechanism of microbial mineralization consolidation of Zn** under dif—
ferent pollution conditions|[J]. Journal of Southeast University ( Natural
Science Edition), 2013, 43(2):365-370.

[20] xR, hEREK. 4338 ol o B 52 T WM. BT - A7 Tolk Al
4, 2010.

LIU Feng—zhi, MA Jin—qiu. Practical manual for soil monitoring and
analysis[M]. Beijing: Chemical Industry Press, 2010.

1] #FA, Ehi2é, EHAA. BUEYT L TR HIZERM]. b5t B
SR, 2015:4-5.

QIAN Chun-xiang, WANG Rui-xing, ZHAN Qi-wei. The basis of mi—
crobial mineralization applied in engineering[M]. Beijing : Science
Press, 2015:4-5.

[22] &R, T, Vi, +3EE 48 15 RBLR LA B ZBR
DRS4S BRI, 2013, 43(3) £ 669-674.
QIAN Chun-xiang, WANG Ming-ming, XU Yan-bo. Current situation
of soil contamination by heavy metals and research progress in bio-re—
mediation techniqueJ]. Journal of Southeast University (Natural Sci—
ence Edition), 2013, 43(3):669-674.

[23] Viael, BB, IR SC, 55 RUEM- LB S B 75 Je i ).
TR, 2012, 26(6): 14-17.

XU Yan-bo, QIAN Chun —xiang, LU Zhao-wen, et al. Study on Ph**
mineralized by bacteria for remediation[]J]. Chemical Industry Times,
2012,26(6):14-17.

[24] Vrglell, BA T, IR SC. AP RRMLAL S B k7 W) RORORLAR /Y
WEFEI]. BRI B, 2013, 27(1):92-95.

XU Yan-bo, QIAN Chun—xiang, LU Zhao—wen. Study on coarsing par—
ticle size of Cu** hiomineralization products by citric acid[J]. Materials
Review B, 2013, 27(1):92-95.

251 A%, X4 BRERELA (L TE [H 45 Ph> i A= 00 fb [J]. BRARRL 2
W53, 2016, 29(10) : 1513-1520.

CHENG Yan, ZHAO Xing—qing. Study on the consolidation and miner—
alization of Pb** by carbonate—mineralization bacteria[J]. Research of
Environmental Sciences, 2016,29(10):1513-1520.

[26] VF e, BB, IR SC, 55 WUE M (B S 4w 5 g L 3]
BT TR44H], 2013, 7(7):2763-2768.

XU Yan-bo, QIAN Chun—xiang, LU Zhao—wen, et al. Remediation of
heavy metal contaminated soils by bacteria biomineralization[J]. Chi—

nese Journal of Environmental Engineering, 2013,7(7):2763-2768.



