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Screening, identification, and functional characterization of
cadmium-tolerant bacteria in cadmium-polluted soil and water

XU Zixia!, WANG Wanting'!, ZHENG Wenhao!, CUI Yuetong', GAO Qiyu*'?

1 School of Life Sciences and Technology, Xinxiang Medical University, Xinxiang 453003, Henan, China
2 School of Life Sciences, Lanzhou University, Lanzhou 730000, Gansu, China

Abstract: [Background] Cadmium pollution has seriously threatened the environment and life
safety of human beings. In recent years, microbial remediation has demonstrated great
application potential due to its high safety, simple operation, effectiveness, low costs, and
environmental friendliness. [Objective] To screen cadmium-tolerant microorganisms from
cadmium-polluted soil and water and provide elite strains for the remediation of
cadmium-polluted environments. [Methods] A total of 128 strains exhibiting tolerance to
cadmium were isolated and identified from cadmium-polluted soil and water by gradient
dilution and plate streaking methods. A highly cadmium-tolerant strain HGX-24 was
successfully screened by 16S rRNA gene sequencing combined with the cadmium tolerance and
genetic stability assays. The biological characteristics and cadmium tolerance properties of this
strain were analyzed. Fourier transform infrared spectroscopy (FTIR), scanning electron
microscope-energy dispersive spectrometer (SEM-EDS), and quantification of extracellular
polysaccharides and proteins were employed to gain insights into the cadmium tolerance
mechanism of HGX-24. Pot experiments were conducted to explore the application effect of
HGX-24 in the remediation of cadmium pollution. [Results] The comparative genomic analysis
revealed that the homology between the isolated strain HGX-24 and previously reported strains
was below 97.0%, identifying HGX-24 as a strain of Chryseobacterium. This strain
demonstrated exceptional cadmium tolerance, being capable of tolerating 350 mg/L cadmium
and exhibiting genetic stability. It can adsorb cadmium through the secretion of extracellular
soluble proteins and binding to chemical functional groups present on the bacterial surface.
Moreover, it could alleviate the oxidative stress of maize under cadmium stress. [Conclusion]
The cadmium-tolerant strain HGX-24 exhibits considerable potential for the remediation of
cadmium-polluted soil and water and gives full play to the advantages of bacteria in the
remediation of cadmium-polluted farmland.

Keywords: cadmium pollution of soil and water; cadmium-tolerant strains; isolation and
identification; cadmium tolerance mechanism

BB R R, B4Ry N, P ECHBN A R i R R i E 4
WS EROFEERNE, HAMGERT B2 —. CATEHRRMT 12, AT LG
FUE AR RS, I AT B YRR AR (@R AR A IR T E A AR,
HE . WIWMESEMAFERC. RHe). M WAhR W% KA MWAE . TakEK
(As). #i(Cu). #H(Pb), #(Cr). FEn)FIEND)  BIAYSHEA . KIiEsh B A EARIFNE, L
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ik pH)PIE R AFAED, X LB S AR ZS & e ikl
P Al REBURISOE X, BoKRg . N2 S
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Ca’ iEJE A AR, {2400 MBS s oy, IF
THA I F 530,

HEM# s e 2 n 7k F 2 a3y e
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AL FE, T 38 B ER 75 YL A FI R . 250
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T61 . i HLZF fUAT 7 (Bacillus subtilis) <5 73 W i il
HNER G W) (extracellular polymers, EPS)!'-201aff

TERRIREL . FEE . BREL . Hiidk . WA
[l R ONER A Ci IS €=y AT I B Bus
B acH . A HMI IS U CdPT R
B T IR B [#] 72 PR R AR B 9 F A .

1 #HRE5rZE

1.1 #&

SRR IK AR A SRR S T R AT i
RUR X RHEE , fff FRAEA R AR 10-15 cm
) L KT SROKAE, SRAEJSORAF 2 4 °CUKAE %
Mo ERGEFSH I E SR L, WK A W R
EX(RIAIE
1.2 FERFFLE

JEE 1 R AN R B Y, AU R R A )
BARARA A Bilgky, et WA EY R
AIRTHAEA T @AREN, KA RS20
CdCly, B iR IR AW QY BEEE,
LN FHEA RS A5 2 %4k & (catalase,
CAT)ii & . i ALY (peroxidase, POD)IX
& ALY LB (superoxide dismutase, SOD)
e, A Y TR T

F JEZR VK %%, Tomy Digital Biology 2
Al PRI, RIEMEIESARA R %
OIS 5 ) 5 7 gl | e R GEDRER Y& &l iSome
R MOl LRP R ER A
ABRZA A A U - BB i A RO (Y
(scanning electron microscope-energy dispersive
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1.4 HEAPKAEASES
%% +E M IR
K F K I W 3 7 (flame atomic
absorption spectroscopy, FAAS)A M KA H H 7K 7
SREFIRER EeH s, 2 hbriE
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10 min B3, (R 4K 2 900 B Ja _E AL
D, AR AR 2 B SRARAE 4 8 PR 2
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PEAT W FR AR AL EE A 2 HL R, S8 L A i 5 1 A T o
[Fi) TR RRL S e 5 o) B B 9 R A T T S LR
1.6 HBEHKRBFFIERIE
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FEW R 0 (CCTCC M20232105), % H B
Pk HGX-24 Hastfefae bt . s T i sk
BE ORIV BT A i A TR, f
SEM-EDS 431 Ab B {if J5 A1 1A T8 25 25 5 Fi 4
RPN P DS
1.7 BfFE#HKREIELE
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1 SMBERINESUER
Figure 1
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M, #5204 F bk HGX-24 £ CHIKBER 3 1K
JEIA, BN 1x10° CFU, Xf BR4L A
LERZEIRK . PTFE 7 d JE T IR AL 5 Rk
R R ) F KRBT R AL AL 14 4-5 em IR
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AFR 60 d JEHEA TR, HIZEIB K ihisk £k
HEFRIE, 05 TR B PRy S i 3 ) B R B
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2.1 SHIRERRIFELSR
AR R S T BT 005 e MK 4
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HATIE WL (E 1), BT

Morphological observation of high cadmium resistance strain.
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IKARFEAR L3, K4, @WadilE KRR TS+ GBI 44.55% . 16.79% . 9.26% . 8.58%7!

A B
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- . M Proteobacteria hi2 il L3
W Actinomycetota { ' ‘ 2 -
9 80 BN W Bacteroidota 4
E W Acidobacteriota
-‘S 60 " Firmicutes
E W Chioroflexota
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[:F)
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H1 K4 L3 M2
W Achromobacter [ Acinetobacter

B2 BHEARIMEEEER A [UKCF ERHEARRPR RS A RAERIE; B: K EAREA R Y
RN B C: JmACE S AR DRI S 4USAERE; D JBKE A REA WA i Al LA
Figure 2 Community composition of each sample species site. A: The bar of species community
composition of each sample at phylum level; B: Venn diagram of the species community composition of each

sample at phylum level; C: The bar of species community composition of each sample at genus level; D:
Venn diagram of species community composition of each sample at genus level.
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Community heatmap analysis on phylum level
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Community heatmap analysis on genus level
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Figure 3 Heatmap of dominant species community composition at both phylum (A) and genus levels (B).
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K4 PRI B AR o 31, 38 38 I
19, FEARMARYIFE NN 1, 2. 3 2,

HFFECH 16 (K 2B). JRAKF L, Toffr
P& J& (Achromobacter) | 25114 J& (Flavobacterium) |
+ i AT A J& (Pedobacter) . & 1 AT B )&
(Pseudarthrobacter) 1 2§ {4 #F & J& (Bacillus)
Fei %, 43 19.18%. 8.11%. 7.92%. 7.30%
1 7.05% (& 2C); H1. M2. L3 1 K4 H ks

T B R e 5754 711, 490 A1 237,
Hodr 4 ANFEAHR O IR B R 98 117
84 65, HLHKIMFEC N 79 (B 2D),

E4 EHT16S rRNAEFEFIMWENEHKHCX-24 IR Z A B

2.3 ERIEVRIEE RIiREe an

W i e A B RR 28 16S TRNA 3 [H 25 28 JF
5 GenBank ' EVE R F IR F )5 HE17[H
T, RIE R HGX-24 S5FFE K41
FF T# (Candidatus Chryseobacterium massiliae)
(B S5 FIR12379. ) AHYE R 96% , BI040
4 ¥ I 8 (Chryseobacterium)Bifl, HRZS L H
WP 4 PR

M S B, BEFR HGX-24 445 K 43R 1]
B, 2916 h JG IR B IA, I R Ak
JEH 6.5%10° CFU, UiHIZRAKIRS REF, 4
KA, G355 AR T (R 50 mg/L)
XMk HGX-24 A KA —E e #EH, A

B3 BT BN HRE

FHES AR ROFOR R P AR 22 52 BE LU s 55 B EUE AU GenBank £k %5 .
Figure 4 Phylogenetic tree of strain HGX-24 based on 16S rRNA gene sequence. The number of values
above each branch represents the bootstrap, the distance ruler is used to show the difference ratio of the
sequence, and the value in parentheses represents the GenBank accession number.
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B 5 Bk HGX-24 B KBz
Figure 5 Growth curve of strain HGX-24.

Bifi %5 1% SR I v A 2 - UREE AR N, TR PR HGX-24
1 A KT EOUEATHIER , AR B i
ERUR B 350 mg/L B X TR R G A= A B
2.4 SEM-EDS 491

WP E bk HGX-24 297 &H 0 mg/L
Cd** 1 350 mg/L CA* M4 M HE5% 24 h, Pk
fi] 7 Ab 31 5 fefT FH 4 4 H - S OB ISR T TR AR

HGX-24 785 4 J& 4 40 B i Je 4 i 8 24 i A48
fb, Z5RUE 6 Fin. 1ETHAMT (B 6A)H
Pk HGX-24 28R, KEEFE 3.2-4.5 pm Z ],
FLEEAE 0.7-1.0 pm Z [0, FRADLHE HI¥S) . 7
350 mg/L fREFE T (& 6B), Witk HGX-24
It AN B DU A R, A B R WE B A A T
1.0-1.8 um F1 0.3-0.8 pm Z [f], FE 1 L ATFK,
AR . S &R, EDS sk
BY, MHEST XA, SCmmddrh C. O iR &t
TR, M S, P, N, CdELEARHENTHE
(GE
2.5 Bk HGX-24 BY5R R MiE
2.5.1 Etk HGX-24 L9 RiE S #r

TR 5 THT A — S M Ak A B B FE A W
W B R b A FEE . IR 8 W, TR
HGX-24 7ETCAR A N A KB, 7€ 500—4 000 cm™
PN S5 A7 AE WU o B 5 1 TR B I B, FTIR
o) % B A W AE kAR B B A S o Bl R T
W G R, TR R 2R IR R AT N A R A
T BARAS i 3421 em ! b Y SEAE XY -NH

El 6 Etk HGX-24 MFAMB FEMRISE A WA T Etk HGX-24 RIESHRHER ; B: 350 mg/L

51 TURHE T BIbR HGX-24 HOJE 2S4S I

Figure 6 Morphological diagram of strain HGX-24 by scanning electron microscope. A: Morphological
characteristics of strain HGX-24 in the absence of cadmium; B: Morphological characteristics of strain
HGX-24 under the concentration of cadmium ion at 350 mg/L.
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Figure 7 Distribution of elements on the surface of strain HGX-24. A: Distribution of elements on the
surface of strain HGX-24 without cadmium; B: The distribution of elements on the surface of strain HGX-24

with 350 mg/L cadmium ion concentration.
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Figure 8 Fourier transform infrared spectroscopy
(FTIR) analysis of strain HGX-24.
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Figure 9 Changes of soluble protein contents and soluble polysaccharides contents in EPS of HGX-24 with
time. A: The change of extracellular soluble protein content of strain HGX-24 with time; B: The content of
extracellular soluble polysaccharides of strain HGX-24 changed with time.
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Figure 10 Growth morphology of maize under different cadmium concentrations.
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Plant height (A) and wet weight (B) of maize under different cadmium concentrations. 1: Blank

control group; 2: Adding bacteria group; 3: No bacteria group at 175 mg/L cadmium concentration; 4: Adding
bacteria group at 175 mg/L cadmium concentration; 5: No bacteria group at 350 mg/L cadmium concentration;
6: Adding bacteria group at 350 mg/L cadmium concentration. *: P<0.05.
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Figure 12 Activities of three oxidoreductases in aboveground and underground parts of maize under different
cadmium concentrations. A: Catalase; B: Peroxidase; C: Superoxide dismutase. 1: Blank control group;
2: Adding bacteria group; 3: No bacteria group at 175 mg/L cadmium concentration; 4: Adding bacteria
group at 175 mg/L cadmium concentration; 5: No bacteria group at 350 mg/L cadmium concentration; 6:

Adding bacteria group at 350 mg/L cadmium concentration. *: P<0.05; **: P<0.01; ***: P<0.001; ****;
P<0.000 1.
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