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Isolation and Cd adsorption mechanisms of Delftia sp. M6 strain

SHI Yangyang"?, XU Min', WAN Qin', XIE Daimin', XIAO Xiao', WU Jun'

(1. College of Environment, Sichuan Agricultural University, Chengdu 611130, China; 2. Danjiangkou Tobacco Monopoly Bureau, Hubei
Province, Danjiangkou 442700, China)

Abstract: The key to Cd bioremediation technology is obtaining Cd-resistant strains with high tolerance and strong fixation to Cd. The
bioremediation effectivity is closely related to the mechanism of Cd fixation used by microorganisms. In this study, we isolated a Cd—
resistant bacterial strain M6 from heavy metals contaminated soil. We employed batch adsorption experiments, scanning electron
microscopy, Fourier—transform infrared spectroscopy, X-ray photoelectron spectrometry, and other techniques to explore the Cd fixation
capacity and mechanism of the M6 strain. It was found that M6 had the highest adsorption rate (71.8%) for Cd at pH 7, temperature of
35 °C, and after 48 h of incubation with 10 mg- ™" of initial Cd concentration. Adsorption capacity of Cd increased with concentration of Cd
from 10 mg+ L™ to 100 mg+ L', and the maximum adsorption capacity was 36.73 mg+ L. The mechanism of Cd fixation by M6 included
intracellular accumulation and extracellular adsorption. Scanning electron microscopy indicated precipitates on the cell surface of M6 after
Cd adsorption. The Fourier—transform infrared spectra showed that various functional groups on the cell surface were involved in the
adsorption of Cd by M6. X-ray photoelectron spectroscopy analysis revealed that Cd may existed on the surface of cells in the form of
Cd(OH); and CdCO;. The results of 16S rRNA gene sequence analysis showed that M6 was 100% homologous to Delftia sp.12, and was
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preliminarily identified as Delftia sp.. In conclusion, M6 has strong resistance to Cd and high fixation effect on Cd, and its fixation

mechanism include intracellular accumulation, extracellular adsorption and extracellular precipitation.

Keywords:soil; bacteria; Delftia sp.; cadmium; adsorption; mechanism
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Table 1 pH and heavy metals content of soils

R 8 Hcd & Ph M\ Zn . Cu B Cr
Soil number pH Total Cd/(mg-kg™")  Total Pb/(mg-kg™)  Total Zn/(mg-kg™')  Total Cu/(mg-kg™")  Total Cr/(mg-kg™)

S1 7.5 60.7 247.9 1959.5 59.7 113.3

S2 7.0 89.4 133.4 22079 97.6 141.8

S3 6.6 5.9 41.1 271.8 64.5 142.7

S4 6.8 15.2 83.0 1253.0 57.7 135.5

S5 7.5 35.8 136.7 1563.8 78.9 150.4
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Figure 2 Growth curve of strain
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Figure 1 Morphological characteristic of strain M6(a) , scanning electron microscopy image(b), and phylogenetic tree of 16S rRNA(c)
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Figure 5 SEM images of strain without(a) and with(b) 100

mg- L' Cd treatment
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Figure 6 The FTIR spectrograms of strain before and after

4000 3500

W

adsorption of Cd

em™ Fl12 926 em™ b W I I A 2 40 AL AR g A 7 e v
B C—H M 45930 51 655 em™ F1 1 543 em™ 42b W i i
WML 145 (C=0) FN4H L2 1 5 e e 11 47 (N—H
M ARSI S C—NAPJR) 51 453 em™ kb e i Sy ik
B —CH AN PR 20 ; 1 402 em™ Kb W2 A4 /2 25 1
Jo ok e Ty (—CN At 45 41 20 F—NH 11 225 i 4k 20)
o KB R i R e —C=0 YRR M 45 R 50 5 1 239 em ™ &b
) R WAL U 2 i S5 R 22 B P==0 19 {1 45 41 3 0% 5 1 088
em™ ARSI B R L 4] P—0 . P—OH  POI A K g Sk
H—C—N—255 |2 ;659 em™ bW SIA AR 36 25 1 ok
J& 1(C=0)FITI(C—N)7 ;548 cm™ ZbW I & M—O FlI
O—M—OM—&:J& & 1) IR B e .

i 6 v %, 56 Cd AL B L, 32 i Cd S A F
659 cm" Ab W WS DA B A AR B I 40 T 1) R I8 B S, Cd
b B 100 mg - L B U4 037 i 7% 2 682 em™' 4t , 36
BB 1A b i 2R PR e T (C=0) A IT (C—N) a5 n]
RES 5T Cd MW E . 5540, B CAVREE TR,
{7 F 548 em™ ik W ig 06 A 5% L U B Cd Ak B M—O
FO—M—O0 FE R, M—0 Fl O—M—O0 7E45 4 Cd
AR R T E AR o A R A0 4 AR A AR AR
WS 5% 5 A7 VB 55, o AR T G Ak B X 4 7 A M £ g 5

1% WHART]

R TC Cd Ab 5, Ul X Se T RE NG IR S 5 T
Cd4H61EMH .
2.3.4 XSLOLH FRETE

R E W Cd™ I TR SR 1T CATE A, X AR 7
T, M6 W B Cd>J= i XPS 1 &l 7 i o

XFO1s WA T H0A , L 7 ATAT, O1s W RT3y 2
AN U, 25 4 B8l 531.23 eV Ab 35 6 A8 3 —OH™,
532.67 eV AL A% IEICEE Cd—0—P2, ClsIEHI& G
I3 L3 AN W, 3 A T 284.8,286.3 eV F1287.8 eV
b ,284.8 eV Fl1287.8 eV Ab fi 3 A 3 C—C K g uk
C—H.C=0,Cd* g 5 COT 45 /¥,286.23 eV 4b
TSN RER C—0 5 C—NALA Y™, Cd3d5/2 ikt

350007 (2)015

300001

250001

3%}
(=]
(=]
(=]
=]

15 000

il

f

10 000 frana

5000 . . . . . . . )
542 540 538 536 534 532 530 528 526

2545 18 Binding energy/eV

60 0001
(b)Cls 284.8

50 000}

=

3 40000}

i

£ 30000}

=

= 20 000F 287.8

= =0
10 000}

P

0 . ! ’ ! N N n n ]
298 296 294 292 290 288 286 284 282 280

2545 18 Binding energy/eV

7O (e)casd Cd3d3/2 Cd3ds/2 f;ﬂf'(f;)
7200 405.6 '
3 “l CdCO;
' il
< 6800 w’j\lﬁu\j\ Cd(OH)z\
g VR | —0CdOH
£ 6400 [
M |
= 6000 SN 2 Y ﬁ
s | R oo
Ml
5600 M

420 418 416 414 412 410 408 406 404 402
2545 18 Binding energy/eV

7 BREURHE Cd R H XPS i &
Figure 7 XPS spectra of strain after Cd adsorption



I BRI 5 BERT CA W BEBLRI 2503

FEiT404.8 e VAI405.6 e V2N, 23 ZE CA(OH),
1 CdCO; . Cd(OH),.—OCAOHP"> {3 B B 1A 2% 1fij 7]
AEAEAE CA(OH), A1 CACO-TTTE -

3 iFig

3.1 BEFREMEXTERR Cd W B SR A R0

A Py ) 5 4 i W R AR A7 LA S AR R T
ARG IR LA K . R T HROK TR M6 feff: Cd
W ik 2548, ASBIFSE 200 T pH IR 0 Gf Cd e BEXT Cd
W2 B3k SR ARSI . BREE pH AT LS I 1 ik A9 A %
B B 57 P BT A K i 4 SR FE T W AT A T
FEMR TE PR Cd W B RS, pH AR, AR Rs 77 3 v
o Z ) H 2 5 Cd* 5 4 A 1A 2% 1T BFEAZ 055 pHL 5
B, WA 25 3 G Cd™ & DL A ALY U A7 A [
5 TE TR A, 7 55 58 40 W B2 et AT A AR T 44 X6
Cd W B 521 A 58 R B, Delftia sp. ficid A= K 1)
pH 47 7.0, pH 28 {1 2 B AR T A 2B 1 12 1 Cd 0 B A7 25
i, (i Cd W B B, ASBiE 5T pHAR T 7 Fl &
F 7 A F A A K Cd W B, 2% pH R 7 15 R Rk
AR Bl e A, Cd W B 2 v T At pH AR 3, 3
FH 5l B M6 A= K R B Cd 3R EE pH ol 7, HRER
ASL5 i) 240 0 2 G e AT 1) P M T LS ) RE A
HEEE S FIERE G Yt e s, 5 & A
IHRAUAFIF R AR AR T HL 2 FRAR L3R 1 g A
5 Cd* By 25 Ak LA R W B Cd> 3 72 Hh R EE TS AL e,
T AR TR R 1 Cd W B 1 AR5 M6 7E 35 C
i Cd W B oK, 5 X0 R 3 A ST 45 R — B

BT LRI, B Cd Wk BE 42 =y, M6 A= K
PR | 2 ARS8 W00 I Ia) A4, RS J) 40 A 235 B
TR, UGB R Cd X M6 Y AR KA BE AR AR A
AR T, M6 1A K R HXT Cd iy W Bt A s vy, 26
I M6 X Cd 2 A B i 52 1 o A= 4 W of o 4 i
FA B 7 -5 TR AR 2 18T R 07 a5 178 A R R 5 DR P71
MR BE Cd Xt M6 A=A B IR /I | W B i 25 e
2 HARBEALIRE , 58 5 ARG SR 359 (1) Cd™ 525
ghA BN . 24 Cd VR BB TS I, M6 XF Cd
) W2 2 18 o, (L IR A 3R A0 5 X AT g PR O T
A 3 T W R A7 B R 1 > o B D R Cd
T M6 WA, BT h AL i Rz 7 2 B b
3.2 BERXS Cd IR B #1IR

B SE Cd 7 TR AL PN RS0 1) 53 A R B, AE 55
FERL R By Cd B R BN AR 0 i 3,
VI I 2o ML Cd B R AR fh e i

T AN M BB 0 22 1) 4 T 8 1+ 400 5 ) SO A A g
A X AT RE & — A A a0 IR ) S ghis
O I Cd>, H CA>FE Ak > TG B I DT 3 B e 125 78 i
AR X e A B AR PR 55 v Cd> e B, 12 s ok D 2 it
P 7 B B R AR, 2 Cd MR N 10 mg- LB, B
A Cd R 2R 0 I 5 R 6 1 174 S 4 328 5 B AL, X T
AEJE M TR AE A, e TR R P B Y IR
it LA PR T AR, F A AR BT CdP iR
MRS, B A KA ™ ) S Cd X M6 774 T 8
FAER, BEAR T W B T R CA AR, Cd R
SRR HIRIN SNSRI, X AT REE R T Cd kR
PRI PR KBS, 7R AR AE W e B in A (2t
PR R CA B B R e . Bl B I REE /&5 Cd
AR ER A AN 2L, BN AR R Cd B RIS TR
T A 340 Cd 45 5% 583 A W RS o s R R S T
B, NI S EUS WEIA CAFR B BB, & CAREFR T
M6 BR8N RN BRI THEd il RS Cd X B AR
IV E R 26 T 20Uk C P DTEAE At 3 1
DARSAR L2, 3 id IS NITE AR T B A2 PR 4% Cd
[P 5 PABILAR , A M Cd A B A

- 2L AR A e AR L R B, 58 Cd
Ab BRAH HE , W BfF Cd 5 659 em™ Ak IR Wi 16 AR G AR 5
548 cm™ AW IS AR B, 3K AT RS R Sk R R B Cd B
i L BME P A5 5 R 25 5 0k K IR T AN &
A, i 200 i 2 R 1 T 2 MRS AR B Cd e 4R
7, Cd 5—OH .—NH . 21 it L% B A 7 2 Hh i—CHL.
T e 18 i h—CH 3 11 5 ik e I 55 ik
B AR ui FRFE—C=0 Jg T M Z M ) —P=0 W ir 3L 4]
P=0.P—O0H ,PO; DA S i e 1 i) —C—N—my/E 3
SR, (o 30 S I AT ) R A 0 e 38 % T U 55 , U B Cd
WP ) $2 = G5 T 2 R0 E AR Cd W R L 3
SRR G R — 2,

H A Pyt Cd R ML 32 24T i A B e
s S UUIE RSS2 5 AN BRI DY
EEVERA L, DIE NS S0 10 1E R AL & P8
R, FRA A PR R L R 1T 1) — SRR ) R
JOT R 1A B LA A R A 8 s R 4 T
PR B AR B S A A UTTE , ARRAREL
A BT AR R A I AR
[P 5 7T B — Pl A2 2% 1 L 22 B s ny 3 R 0 5k
FEOT BRRR S3 U 0 LA K A0 it 5 T R RE A E R IR TR 4
JEEANE R A EEMMEN . GUPTA &5
2 W RS B 25 AR TR 2S5 19 Ph TP 8.59% i it BEAE

WWW.QEs.0r9.CN




m@g 2504

VRER Rty F41EF 11H

T 5 76 20 M RE 9.7 % 5 240 it 3% 1T 14 ik 141 4% 45 B
TEAERITIIE . MREAR W TE R, 1 1 X Cd [
TR LA AN A 3, PN A4 S A2 A 5 22.09% FiI
2.01%. BRI E S Cd W FE KA P—O0H R—
OH .COOH Pt e 2 3L A, X B £k L T RE IS 40 #r &
PR L AF7E CA(OH )L TLTE . BRI TF Delfiia Xt
Cd EFEHLEI BB R D, A S 55 R W |, Delfiia
WA R R EME IS 5 Cd A As 4 & L .
AT R B, 53 B8 TR PR M6 X Cd HAT BT i i
B2l L, H X Cd A [ 5 DA A 181 22 Ry = R AL
ALHG BN 2R AN NTE , B AR T T RE AT
#£ CA(OH ), 1 CACOsTLVE

4 it

(1) NEEFE Cd 75 4% 338 vh 43 B i 18 5 1 BRI
A K 7% i v Cd W BRI S5 FE I T R i 44 R M6,
28 58 N Delfia sp.o Htse AW B 20 A RE 35 C.
pH=7 35 F2 0} [A] 48 h, W) i Cd ¥R FE Ky 10 mg - L™ B I
MRt =, N 71.8%,

(2) TR Bk M6 BEKF 5B 43 Cd [l 4357 76 240 i N, B iR
il f)—OH,—NH,—CH,—C—0,—P=—0 Bt it 5
SR KRR BRI 2 5 T Cd WA B R L
43 CAAERAR R TH T TE A AT B2 CA(OH ). Fl CCOs.

S Lk

(1] X R 2, AT, 42 hd AL i, 55 . T SR oA 1) 43 i S HOWS -3 i iy
AT, Al AR 2E 244, 2018, 37(2) :250-258. LIU Y L,
TIE B Q, LI Y X L, et al. Isolation of a Cd-resistant bacterium and its
effect on the speciation of Cd in soil[J]. Journal of Agro—Environment
Science, 2018, 37(2) :250-258.

[2] WRIE 2, IR48 4R, AR 1%, 25 RS T V0 7 TR TR HB-4 W B o2 4 S 4 1Y
L. fL T2 4R, 2017, 68(4) :1574-1581. CHEN Y K, XU C R,
ZHU Q F, et al. Cadmium adsorption mechanism of Serratia marcescens
HB-4{J]. CIESC Journal, 2017, 68(4):1574-1581.

[3] Xk, Wi, 55K, 55 . iR ER b B A% 0 1t 55 LR B A1k Cd™
9 PE ). P E BB, 2016, 36 (12) : 3800-3806.  ZHAO Y,
YAO J, WANG Q T, et al. Screening of carbonate—biomineralization
microbe and its cadmium removal characteristics based on adsorption
and biomineralization[J]. China Environmental Science, 2016, 36(12) :
3800-3806.

[4] 24, JA W, BB, 55 CACID) Y AsOV)AE—#k 1 3EANTE Delfiia
sp. LI SLIR BB FELT]. + 4, 2020, 52(5):935-940. LI'Y, ZHOU
L, DU H H, et al. Co—adsorption of Cd( Il ) and As( V) to soil bacteri-
um Delfiia sp.[]]. Soil, 2020, 52(5) :935-940.

[S] CHAKRAVARTY R, BANERJEE P C. Mechanism of cadmium bind-

ing on the cell wall of an acidophilic bacterium[J]. Bioresource Technol-

1% WHART]

ogy, 2012, 108:176-183.

[6] SCHE, Yo 4, A0 . G2k W o 45 i 2 4 K FCHIL A BIE S8 30k Je 1.
FEERL 2 G HAR, 2020, 43(9):79-86.  WEN Y, LENG Y, LIS W.
Research progress on microbial tolerance to heavy metals and its mech-
anisms|J]. Environmental Science & Technology, 2020, 43(9) : 79-86.

[7] SHABNAM N, AHN Y, MAKSACHEV A, et al. Application of red-
mud based ceramic media for phosphate uptake from water and evalua-
tion of their effects on growth of Iris latifolia seedling|J]. Science of the
Total Environment, 2019, 688 :724-731.

[8] PMHER, BRT5HE, kW, &5 . WEHRSE 3% MM & (Stenotrophomonas rhi-
zophila) JC1 G JEHUVE B Fof 35 811 A M5 240, LA 5 30
iR, 2021,21(4):1788-1796.  SUN S C, CHEN J X, WANG Y G,
et al. Analysis for the heavy metal resistance strength and the bioinfor-
matics of the detoxificating proteins of Stenotrophomonas rhizophila JC1
[J]. Journal of Safety and Environment, 2021, 21(4) :1788-1796.

[9] A=l BH, W, R, S ST AR AN B Burkholderia sp. DF3-1 X
R O U BT R AL B ). B R4, 2022, 43(3):589-596. LI
7ZY,CAO M M, ZHOU D B, et al. Adsorption characteristics and mech-
anism of high cadmium —tolerant bacteria Burkholderia sp. DF3~1 to
cadmium[J]. Chinese Journal of Tropical Crops, 2022, 43(3) :589-596.

[10] 557 & ¥, B 7ok, PRAEHE, 55 A5 T4 @ AN B i R S HL
TR R ()], IREERHETESE, 2020, 33(8):1929-1937. LAO C
L, LUO L Q, SHEN Y T, et al. Progress in the study of interaction pro-
cess and mechanism between microorganism and heavy metal[J]. Re-
search of Environmental Sciences, 2020, 33(8) : 1929-1937.

(U] B, SRS, ZR R A, S5 . ST LA & Ay i i S A= e i ik
A L BRI P R (] A IR, 2021, 40(6) - 1289~
1296. XU S Z, ZHANG M L, QIN J M, et al. Screening of Cd( I )—-
resistant bacteria and its biomineralization of cadmium sulfide to re-
move cadmium ions in solution[]J]. Journal of Agro—Environment Sci-
ence, 2021, 40(6) : 1289-1296.

[12] WEN A, FEGAN M, HAYWARD C, et al. Phylogenetic relationships
among members of the Comamonadaceae, and description of Delfiia
acidovorans (den Dooren de Jong 1926 and Tamaoka et al. 1987) gen.
nov., comb. nov.[J]. International Journal of Systematic and Evolution-
ary Microbiology, 1999, 49(2) : 567-576.

[13] X EF, 3208, #AATH, 25 . Delfiia sp. BO @G N KRG A 185 4
Bl A R 2 M 1], Al BRETR} #2241, 2019, 38(8) : 1855
1863. LIU Y L, PENG O, TIE B Q, et al. Effects of Delftia sp. B9 on
rice seed germination and cadmium accumulation in rice seedlings
under Cd stress[J]. Journal of Agro— Environment Science, 2019, 38
(8):1855-1863.

[14] LIU Y L, TIE B Q, LI Y X L, et al. Inoculation of soil with cadmium—
resistant bacterium Delftia sp. B9 reduces cadmium accumulation in
rice (Oryza sativa L.) grains[J]. Ecotoxicology & Environmental Safe-
ty, 2018, 163(15) :223-229.

[15] AMER A, KIM Y. Isolation of Ph( Il )-reducing bacteria and demon-
stration of biological Pb( Il ) reduction to metallic Pb[J]. Journal of
Hazardous Materials, 2022, 423 :126975.

[16] BISWAS R, VIVEKANAND V, SAHA A, et al. Arsenite oxidation by
a facultative chemolithotrophic Delfiia spp. BAs29 for its potential ap-



I %5 s — BRI 533 BLRE Cd IR BBLRITF ST 2505

plication in groundwater arsenic bioremediation[]]. International Bio-
deterioration & Biodegradation, 2019, 136:55-62.

[17] LI G, ZHOU S, REN H Y, et al. Extracellular biomineralization of
gold by Delfiia tsuruhatensis GX=3 isolated from heavy metal contami-
nated paddy soil[J]. ACS Earth and Space Chemistry, 2018, 2(12) :
1294-1300.

(18] Mg 4, BBRAR, ARV, 45 . i S Dt qIs oyt T R o o 3 i 4 1
HUEBFSE). T EER B R, 2017, 37(6) :2232-2238. YU Y Q,
HUANG W W, DONG ] J, et al. Study on the removal of Cd( I ) by
Pseudomonas nitroreducens: Biosorption characteristics and mecha-
nism[J]. China Environmental Science, 2017, 37(6):2232-2238.

[19] HAN H, WANG Q, HE L Y, et al. Increased biomass and reduced
rapeseed Cd accumulation of oilseed rape in the presence of Cd—im-
mobilizing and polyamine—producing bacteria[J|. Journal of Hazard-
ous Materials, 2018, 353(5) :280-289.

[20]1JTX W, WAN J, WANG X D, et al. Mixed bacteria—loaded biochar for
the immobilization of arsenic, lead, and cadmium in a polluted soil
system: Effects and mechanisms|J]. Science of the Total Environment,
2022, 811(10):152112.

[21] SUN R X, WANG L, HUANG R, et al. Cadmium resistance mecha-
nisms of a functional strain Enterobacter sp. DNB-S2, isolated from
black soil in northeast ChinalJ]. Environmental Pollution, 2020, 263
(14):114612.

[22] LIU L, FAN S S. Removal of cadmium in aqueous solution using
wheat straw biochar: Effect of minerals and mechanism[]]. Environ-
mental Science & Pollution Research, 2018, 25:8688-8700.

[23] LI F, ZHENG Y, TIAN J, et al. Cupriavidus sp. strain Cd02-mediated
pH increase favoring bioprecipitation of Cd*" in medium and reduc-
tion of cadmium bioavailability in paddy soil[]]. Ecotoxicology and En-
vironmental Safety, 2019, 184(30) : 109655.

[24] & B, AR, PR 2, 55 05 e b o 4 s Ao O & AT R R
BRI BLII)]. A S R4, 2012, 21(3):524-530.  CHANG
M, ZHOU S G, SUN Q H, et al. Effect mechanism of cadmium in mu-
nicipal sludge on fermentation of Bacillus thuringiensis[J]. Ecology
and Environmental Sciences, 2012, 21(3) :524-530.

[25] ZHANG F, WANG X, YIN D X, et al. Efficiency and mechanisms of
Cd removal from aqueous solution by biochar derived from water hya-
cinth (Eichornia crassipes)[J]. Journal of Environmental Management,
2015, 153(15) : 68-73.

[26] I3, [y )5, FERE . 4 MRORHE MERER B A9 73 85 4 S A Kok
ML) AL BT R 5 IR BT 4R . 2014, 31(5) :437-445. TIAN S,
TIAN F F, WANG X P. Isolation, identification and growth character-
istics of four tribenuron—methyl degrading bacterias[J]. Journal of Ag-
ricultural Resources and Environment, 2014, 31(5) :437-445.

[27] SKAGHE, PR, BRART, 55 . 2 BRI B AR 14 77 8 1% X 4 ) WAL
i A 2% S HL A 1], 1 0 A OI R 2% 2 4T, 2019, 42(5) + 869 -876.
ZHANG X H, SUN B, WEI Z M, et al. Screening of two cadmium tol-
erant microorganisms and their differences in adsorption and immobi-
lization of cadmiumlJ]. Journal of Nanjing Agricultural University,

2019, 42(5) : 869-876.

[28] KRIGET . 78 T B 52 R4 1) AL ) B FE I B 2% AR B TR D). A
N 48 A RTE K2, 2010 ZHENG X D. Research on the mecha-
nism and the conditions of cadmium ( I ) adsorpted by Pseudomonas
plecoglossicida[D]. Fuzhou: Fujian Normal University, 2010.

[20] FhiGEE, AR, B 2o, S5 A A AT BT A 1) G 1 B RCIRZ B G AL
FLBF L)), A FRBER 224, 2015, 12(9) : 1700-1706.  LIN X
Y, MU R X, CAO Z Y, et al. Isolation and cadmium adsorption mecha-
nisms of cadmium~—resistant bacteria strains|J|. Journal of Agro—Envi-
ronment Science, 2015, 12(9) : 1700-1706.

[30] #82%, PN, AEME, 45 . T4 7L VR B X 3 4 J 4 1 W BRFATL TR £
5 AT, 2017, 43(3):52-57.  SHAO X, SUN K, XIONG J, et al.
Adsorption mechanism of cadmium by cadmium—tolerant lactic acid
bacteria[J]. Food and Fermentation Industries, 2017, 43(3) :52-57.

[31] X2 B, 8o — . W FHELAN Iy i DT i 4 T ok o B 2R G O LB
[J]. EERL2= 24k, 2005, 25(11) : 1502-1506.  LIU A M, HUANG
W Y. Research on high accumulating Cd** mechanism of a toletant—
Cd* strain by infrared spectroscopy analysis[J]. Acta Scientiae Circum-
stantiae, 2005, 25(11) :1502-1506.

[32] GERBINO E, MOBILI P, TYMCZYSZYN E, et al. FTIR spectroscopy
structural analysis of the interaction between Lactobacillus kefir S-lay-
ers and metal ions[J]. Journal of Molecular Structure, 2011, 987(1/2/
3):186-192.

[33] XUZLAA, 3iak, KA, 45 . IR EF MU iR Bt o 0 Jm PR AR B0 R i) 28

I Al R RL 24, 2010, 29(1) :25-29.  LIU H J, DANG
Z, ZHANG H, et al. Characterization of heavy metal resistance and
Cd-accumulation on a Bacillus cereus strain[]J]. Journal of Agro—Envi-
ronment Science, 2010, 29(1) :25-29.

[34] B, Bh12. F K57, 55 BRIREL AL 1A i Ot 2t 55 W B R 1k
CA* PRI P FREERL 2, 2016, 36(12) : 3800-3806.  ZHAO
Y, YAO J, WANG T Q, et al. Screening of carbonate —biomineraliza-
tion microbe and its cadmium removal characteristics based on ad-
sorption and biomineralization|J]. China Environmental Science, 2016,
36(12):3800-3806.

[35]1ZHAO X, DO H T, ZHOU Y, et al. Rahnella sp. LRP3 induces phos-
phate precipitation of Cu ( Il ) and its role in copper—contaminated
soil remediation[J]. Journal of Hazardous Materials, 2019, 368 (15) :
133-140.

[36] A REAS . i Cd L3 T 1A 3 e e 22 BRI K B Cd™ YRI5 (D],
IV < IR K%, 2015, YANG B D. Tsolation of dominant bacteria
and their characteristics in the wastewater treatment including heavy
metal Cd*[D]. Xiangtan: Xiangtan University, 2015.

[37] Wi jal, T e, b1/, S T AR A A AR TR 11 56 o R HEX A 11
W BEHREPELD]. AR FRETRE 244, 2021, 40(4) : 791-800.  CHI'Y
W, WANG X Y, CHU S H, et al. Identification of a cadmium—tolerant
and growth—promoting rhizobium strain and characterization of its ad-
sorption properties for cadmium[J]. Journal of Agro—Environment Sci-
ence, 2021, 40(4):791-800.

[38] GUPTA A, JOIA J, SOOD A, et al. Microbes as potential tool for reme-
diation of heavy metals: A review[J]. Journal of Microbial & Biochemi-
cal Technology, 2016, 8(4):364-372.

(BTG - )

WWW.Qes.019.CN




